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The Royal Society of Edinburgh, as the National
Academy for Scotland, has a Fellowship containing
great expertise across all the sciences, technologies,
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PREFACE
For some 200 years, society has vigorously exploited fossil fuels for electricity, heat,
transport, food and water. This is a short period in human history; but it is one in which
our lives and living standards have been transformed. We are now faced with
fundamental challenges. Not only must we recognise the risk that rising greenhouse gas
emissions in our atmosphere may have major and costly impacts on human society, but we
must also recognise that fossil fuels are not a limitless resource.
As awareness of the nature and urgency of the challenges grows, so does the realisation
that the transition to a low-carbon society can bring opportunities at both global and local
level. The world is likely to be on the verge of a new form of industrial revolution, and it is
one that has the potential to bring about a better, as well as a more sustainable, world.
The Royal Society of Edinburgh launched its Inquiry Facing up to Climate Change in
October 2009, with the aim of identifying both the opportunities for Scotland and the
barriers that currently prevent us from advancing towards a prosperous and fairer
low-carbon society. Bringing together some of the best intellectual talent in academia,
the professions and business, and across the sciences, technologies, humanities and arts,
the RSE is uniquely placed to enhance understanding of such nationally- and globallyimportant issues. The RSE’s strengths are its diversity, independence and impartiality.
I hope this report will stimulate and inform public debate, and also provide an analysis
upon which policy can be based and decisions taken.
The key message of this report is of fundamental importance to both policy makers and
society. Climate change is not simply an environmental problem. It is a challenge to the
ways in which we organise society, use our resources and live our lives. It is only through
real public engagement and the involvement of all sectors of society that we will be able to
make the step change needed to reap the benefits of a low-carbon society.
Finally, I would like to thank Professor Sugden for so ably leading the Committee
through the extensive process of collecting evidence and writing the report. My thanks
also to all the committee members for taking on this sizeable task and freely giving their
time, effort and expertise to produce what is a comprehensive and timely report.
Lord Wilson of Tillyorn, KT GCMG PRSE
President, The Royal Society of Edinburgh
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FINANCIAL SUPPORT AND THANKS
The Royal Society of Edinburgh is a wholly independent body and the funding for the
Inquiry therefore had to be raised from a variety of sources. The Society received a ready
response from all those listed below. Without their help, this Inquiry could not have been
undertaken and to all of them we are most grateful.
British Council Scotland
BP
City of Edinburgh Council
Sir Gerald Elliot FRSE
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Lloyds Banking Group Scotland
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RSPB Scotland
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Yorkshire & Clydesdale Bank Foundation
In addition, we are very grateful to The Leith Agency for support in kind provided in the
production of the short film that accompanies the Facing up to Climate Change report.
Finally we would like to extend our thanks to the Universities of Dundee, Edinburgh
and Stirling, and the Macaulay Institute for allowing their members to participate
in the Committee of Inquiry.
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FOREWORD
The Royal Society of Edinburgh’s Inquiry Facing up to Climate Change began to take evidence in
October 2009. This Report, published in March 2011, sets out the recommendations that have
arisen from the extensive evidence-gathering process. Both this Full Report and the Summary
Report are available online at www.achangingclimate.co.uk
In view of the challenge that climate change poses, we focused on the barriers that are making it
so difficult for Scotland to achieve a low-carbon society. Our Committee is interdisciplinary and
inter-institutional and spans the natural and social sciences, business, policy and education. The
Inquiry heard and saw a wealth of evidence from over 110 organisations, more than 40
individuals and from six public meetings around Scotland, involving some 400 people. The
Committee also visited exemplar case studies, hosted or took part in over 30 seminars and
conferences, and carried out a schools’ competition.
A special vote of thanks goes to those who submitted written evidence and those who spoke to us
about it. It was impressive and humbling to see how many people and organisations responded.
Also we are indebted to those who helped us on field visits around the country. It was
enormously helpful to see what worked on the ground and to be welcomed into local seminars,
and into homes, with such generous hospitality. Many others helped in arranging and
publicising the public meetings which were invaluable in gaining a wider local view. The
schools’ competition gave us the opportunity to meet the generation who will grow up in the
new world.
As Chair of the Inquiry I am able to thank Alan Werritty, Deputy Chair, and all of the
Committee for their hard work. Everyone has spent far more time than they reasonably could
have been expected to in listening, thinking, discussing and writing the report. They have taken
time out from busy lives to complete this Inquiry and I know that long-suffering families have
become involved and have lived with the project for far too long! A list of individuals who
helped us would run to many pages, but there are those who have helped us in specific ways:
Heather Reid for help with the schools’ competition, and Professors Roger Crofts, Gavin
McCrone, David McCrone, and Pete Smith for expert advice. And all the committee members
are indebted to all those who helped in the Royal Society of Edinburgh, but especially Marc
Rands and Susan Lennox who guided us so expertly and with such patience and good humour at
different stages of the Inquiry.
Finally, we are grateful to those organisations whose initial faith and support made the Inquiry
possible. Many organisations, listed above, provided the financial support for the administrative
costs of the Inquiry, involving collecting evidence, public meetings, travel, and production of the
report and film. The breadth of the support gave us the precious ability to be independent.

David Sugden,
Chair
5th February, 2011
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Facing up to Climate Change:
breaking the barriers to a low-carbon Scotland
Executive Summary
In view of the challenge posed by climate change and the need to reduce dependency on fossil
fuels, the Inquiry examines the barriers making it difficult for Scotland to change to a low-carbon
society. We took evidence across Scotland and our single most important finding is that change is
held back by the lack of coherence and integration of policy at different levels of governance.
There is activity at the level of the EU, the UK Government, the Scottish Government, local
authorities, local communities, households and civil society. But there is often a disconnection
between policies at different levels. This impedes progress to a low-carbon society and also leads to a
lack of trust among the general public. The ten Primary Recommendations address these barriers.
In addition, we make 30 Supplementary Recommendations which are relevant to specific policy
makers, which can be found in Chapter 10. The take-home message is that it is important to take
coherent action at all levels if Scotland is to reap the benefits of a low-carbon society. Everyone has
a part to play in seizing a once-in-a generation opportunity.

Box 1 Primary Recommendations
1

The UK Government should urgently improve the infrastructure and management
of the electricity grid in Scotland to optimise the development of renewable energy
and to permit the export of surplus renewable energy.

2

The Scottish and UK Governments need to retrofit existing regulation to achieve a
balance with the need to reduce carbon emissions.

3

The Scottish Government should work with local authorities and businesses to align
and sharpen regulation in order to achieve a step change in energy efficiency in
buildings and transport.

4

The Scottish Government and local authorities should jointly introduce truly integrated
polices in order to achieve effective reductions in emissions at a regional level.

5

The Scottish Government should develop a spatially-referenced national land use plan
integrated with regional strategic plans in order to optimise carbon sequestration.

6

The finance industry should take a lead and work with government to create the
business environment that will mobilise private finance in support of a
low-carbon society.

7

All organisations should appraise their goals and practices in the light of the urgency
to achieve a low-carbon society.

8

Local authorities should integrate and embed their low-carbon policies across all
their various functions.

9

The Scottish Government and local authorities should actively assist local
communities to introduce low-carbon initiatives.

10

Closer engagement is needed between people, civil society, market and state
in the pursuit of Scotland’s low-carbon vision.
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Facing up to Climate Change:
breaking the barriers to a low-carbon Scotland
Full Report
CHAPTER 1 THE LOW-CARBON VISION AND RECOMMENDATIONS
ON HOW TO GET THERE
Introduction: the low-carbon vision
Scotland has an iconic landscape and coast of high scenic quality. Its terrestrial resources of
agriculture and forestry and rich marine resources support an uncrowded rural population. It
has compact cities within easy reach of the countryside and with more than the average UK
share of universities. Scotland has gained from the UK petroleum industry and is home to
international financial institutions. It has the benefit of rich wind and marine energy
resources and is close enough to the core areas of demand in Europe to be able to export its
surplus. It has empty oil and gas fields that can be used to store carbon dioxide gas from
Europe’s fossil-fuel power stations. This is a powerful platform from which the UK and
Scotland can view the opportunities presented by the global shift from fossil to renewable
energy which is now in full swing worldwide. Indeed, renewable energy offers not only a new
wave of sustainable prosperity but also can contribute to a secure, distributed energy supply
that opens up opportunities for local communities of all sizes throughout the land. We are at
the start of a new renewable industrial revolution and can use it to power a sustainable future
for everyone in both urban and rural areas. Economic and social wellbeing, sustainability,
and strengthened local communities are within our grasp.
The above does not come from a public relations company but is a distillation of views we heard
during the course of the Inquiry, from communities and individuals in business, the voluntary
sector and the public sector. Without doubt, the most encouraging aspect of our Inquiry
activities was listening to the way a variety and breadth of groups and individuals held such a
positive vision of what the UK and Scotland could achieve if we got organised. However, there
were many who were unconvinced and who doubted our capacity to implement the necessary
changes successfully. They told of how multiple barriers sapped enterprise and how the overall
uncertainty justified delay in making any serious changes.
Iconic landscape of the
Isle of Skye, Western Scotland.
© Patricia & Angus Macdonald /
Aerographica
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The Inquiry Facing up to Climate Change decided to focus on this gap between the measures
necessary to move to a low-carbon society and those currently accepted by the public. Time
and again we were struck by the gulf between the aspiration and the reality on the ground.
Scotland has high aspirations, but is behind many European countries in implementation.
Why is this? We decided to engage with the public and explore both the barriers to change and
the opportunities arising from a low-carbon society. Our hope is that our report and its
recommendations will help policy makers to integrate their response to an overriding problem.
We highlight possible barriers to change at the national, regional and local levels and also at the
level of a single citizen. Our recommendations are based on evidence collected in Scotland and
are directed at policy makers within Scotland. However, we encountered many issues that are
likely to be relevant to other countries and perhaps some of the recommendations will have
wider reach. The take-home message is that everyone has a part to play in seizing a once-in-ageneration opportunity.
The Inquiry heard and saw a wealth of evidence from over 110 organisations, more than 40
individuals and from six public meetings around Scotland, involving some 400 people. The
Committee also visited exemplar case studies, hosted or took part in over 30 seminars and
conferences and carried out a national schools’ competition. The overwhelming impression is the
need to make a low-carbon society, and its social and economic advantages, “real” for people. In
other words, whilst we have a clear political direction and intent around climate change, many
of the practical issues concerning energy use or coping with weather impacts are perceived by
individuals and communities as having little to do with this broader agenda, and especially the
vision of a prosperous future. The priority is to ground the debate and bring it into everything we
do. Removal of as many barriers to change as possible will not only have immediate practical
benefits, but will also remove the contradictions that give life to cynicism among the public. Our
ten first-order recommendations are targeted at these barriers and are structured according to
scale from national to local concern (Box 1).

We recommend:
1 The UK Government should urgently improve the infrastructure and management
of the electricity grid in Scotland to optimise the development of renewable energy
and to permit the export of surplus renewable energy.
A strategy for the development of the grid to maximise energy production from renewables and
its link to potential EU export markets needs wider debate and urgent action if Scotland is to
fully exploit the benefits of its renewable resources. The wide range of views we heard about the
future of renewables in Scotland suggests lack of strategic clarity. For example, the Inquiry heard
the following from different stakeholders: (a) investment in renewables is a temporary fix until
the UK has a centralised grid powered mainly by nuclear energy; (b) the huge resources of wind,
tidal and wave energy in Scotland are needed if the UK is to meet its carbon-reduction targets;
(c) no long-term development of renewables will occur in Scotland without a direct grid
interconnection to continental northwest Europe; (d) the focus within Scotland should be on
building a smart, distributed grid and developing storage facilities. On the ground we heard how
renewable schemes in remote areas can find it difficult to get efficient access to the grid.
The optimal exploitation of renewables in Scotland chimes with the priorities of the EU, the UK
(DECC is responsible for energy generation), the Scottish Government and the National Grid,
but we are unconvinced that the different perspectives are integrated effectively. There is need
for a coherent and agreed plan.
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2 The Scottish and UK Governments need to retrofit existing regulation to achieve
a balance with the need to reduce carbon emissions.
We noted on many occasions and in different circumstances that existing legislation designed
for particular purposes was preventing or delaying moves to cut carbon. Examples are: (a)
existing water standards inhibit catchment-scale initiatives bringing wider environmental and
low-carbon advantages; (b) conflicts between river quality standards and micro-hydro schemes;
(c) classification of substances as waste rather than by-product, which adds cost and complexity;
(d) UK standards affecting transmission of electricity on the grid that limit capacity. Changes
will involve reviewing cross-cutting regulations at EU, UK and devolved levels, but there is scope
for changes in implementation within Scotland and, of course, influence at UK and EU levels.
3 The Scottish Government should work with local authorities and businesses to align
and sharpen regulation in order to achieve a step change in energy efficiency
in buildings and transport.
Radically reducing emissions from buildings, transport, electricity, agriculture and waste, is
critical if Scotland is to achieve its carbon reduction targets. Effective energy-efficiency measures
would have the advantages of (a) cutting emissions in the short term; (b) providing local skills
and employment; and (c) supporting community-based initiatives. Most powers required to
implement such policies are already devolved to Holyrood.
Given the importance of reducing emissions from buildings, the Inquiry team noted the need
for: (a) measures to add long-term value to energy-efficient housing; (b) measures to upgrade the
insulation of rented buildings; (c) tighter enforcement of building standards on energy use in
new build; (d) modification of the certification scheme for insulation contractors in order to
support community businesses (especially in rural areas); and (e) improving the insulation of
public buildings as exemplars of good practice.
Current transport investment plans in roads will increase car use. Urgent policies are needed on
smart road-use pricing, links to other forms of travel, especially involving travel to and from
work, and at work, with the overall aim of reducing car and van use, whilst meeting the travel
needs of people effectively and efficiently. The policy of concessionary bus fares is a good
example of the latter in that it improves travel options, minimises car emissions and has the
additional advantage of supporting rural bus routes.
4 The Scottish Government and local authorities should jointly introduce truly
integrated polices in order to achieve effective reductions in emissions at a
regional level.
The actions of local authorities, working at the scale most relevant to people’s lives, will largely
determine whether or not Scotland meets its carbon targets. The big surprise to the Inquiry team
was the mismatch between national policy and what could be achieved on the ground. We noted
many examples where national planning goals conflict with regional attempts to reduce carbon.
Examples are: (a) national rail priorities to reduce intercity times conflict with the commuter
needs of the main city regions; (b) Transport Scotland’s priorities (such as trunk roads) do not
necessarily match regional priorities; (c) national grant schemes for investment in heating based
on postcodes deter District Heating or Combined Heat and Power (CHP) schemes; (d) developers
play off councils against each other to lower heating standards on new housing (so-called
‘fringe’ effects); (e) insulation standards lowered to increase the number of new houses; (f) an
inability to enforce heat efficiency gains in the rented sector.
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5 The Scottish Government should develop a spatially-referenced national land use
plan integrated with regional strategic plans in order to optimise carbon sequestration.
Land use and soils can be managed in such a way as to sequester carbon quickly and effectively.
Adjustments to the CAP regime will be one way of linking land use to ecosystem services more
effectively. But there are also issues within Scotland. At present it is difficult to integrate separate
initiatives, especially in forestry and agriculture, which are served by separate institutions and
cultures, but also in the wider environment and recreation. Without integration it will be
difficult to optimise results. For example, the Inquiry heard that there is almost a one-for-one
overlap between land used for beef production and that needed for growing additional forest.
Again, the Inquiry team were struck by the way estate owners, who take a long-term view by
nature, were uncertain how best to balance requirements for recreation, agriculture and forestry
in the future. Indicative land-use plans would help land use to be integrated within regional
strategic plans and would be a way of incentivising the sequestration of carbon. These issues
should be central to the land use strategy currently being discussed by the Scottish Government.
6 The finance industry should take a lead and work with government to create
the business environment that will mobilise private finance in support of a
low-carbon society.
Given the confluence in Scotland of both leading financial institutions and the huge potential
for energy-efficiency measures and renewables, there is a clear opportunity for the finance
industry. There are two particular bottlenecks: (a) the need for instruments to finance the smallscale improvements in energy efficiency for households, returns on which may take a decade or
more; and (b) investments tailored for renewables which involve high start-up costs and
relatively low running costs, and take up to a decade to bring financial returns. The new Green
Deal and the reforms to the Electricity Market that are currently under consultation at UK level
could be a step in the right direction in addressing these problems.
Importantly, given the state of national finances, we suggest that public finance is best used to
lever additional private finance, rather than for multiple, short-term and small-scale grant
schemes, which add complexity. We look forward to proposals being brought forward by the
Finance Committee of the 2020 Group.
7 All organisations should appraise their goals and practices in the light of the urgency
to achieve a low-carbon society.
This recommendation follows the Inquiry’s experience that the existing priorities and traditions
of many public sector and voluntary organisations were often unintentionally discouraging a
change to a low-carbon society. The forthcoming Public Sector duties under the Climate Change
(Scotland) Act 2009 will require public bodies to comply and report on their trajectories to a
low-carbon future. This is commendable, but the challenge is to make it work on the ground.
Other organisations, including environmental NGOs, civil society groups, the professions such as
planning and law, business, and academic institutions who can teach professional skills, will also
need support as they reconsider their priorities. The guiding principle should be how best a
certain organisation or charity can help wider society to promote a step change towards a
low-carbon society.
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8 Local authorities should integrate and embed their low-carbon policies across all
their various functions.
The Inquiry team concluded that, in general, no single person within a local authority ‘owned’
the problem of transition to a low-carbon/sustainable society. Instead there was a tendency
to excuse inaction by blaming a lack of leadership shown by other departments, the lack of
powers, or the low priority in practice given to climate change mitigation and/or energy saving.
We noted actions to reduce carbon within sectors such as transport, health, education, housing
and fuel poverty, but these initiatives were rarely integrated, leading to delay, lack of action
or even conflicting outcomes. Examples are: (a) delay in introducing district heating schemes
in Edinburgh; (b) the continued building of out-of-town shopping centres; (c) new
environmentally-commended public buildings located out of town; (d) the Clyde Gateway
project, which could achieve greater cuts in emissions if it had been developed as a whole rather
than sub-zone by sub-zone.
A surprise was that the role of planning officers seemed sidelined. The Inquiry team expected
planners to be playing a leading role in creating and implementing strategic regional plans.
Thought should be given to the best way of achieving effective leadership within local authority
regions.
As a matter of urgency the Scottish Government should integrate into the terms of reference of
the Commission on Public Services (due to report in 2011) the requirement to recommend means
of restructuring public services to integrate action on energy efficiency, carbon management and
the low-carbon transition.
9 The Scottish Government and local authorities should actively assist local
communities to introduce low-carbon initiatives.
Our overwhelming discovery was evidence of local communities bursting with energy and
local solutions that felt unsupported and impeded by the complexity of local government
administrative procedures and financial arrangements. Since effective solutions require local
knowledge and local buy in, there is a case for sweeping away tiers of regulation and episodic
grant schemes and instead introduce policies to release private initiative and finance. On the basis
of our discoveries, there are clear opportunities for communities to take a lead in: (a) installing
community wind turbines; (b) housing improvement; (c) local transport; (d) school energy
savings; (e) micro-hydro; (f) bio-fuel heating; (g) waste recycling; (h) building local businesses;
and (i) growing local food and planting woodlands.
The risk is that Scotland is missing an opportunity to use the move to a low-carbon society to
invigorate local communities. Policies could be designed which, at a relatively low cost, bring
both carbon reductions and increased local prosperity. Effective policies would remove local
resistance to large outside schemes, bring profits of wind energy to local communities and help
finance improvements in housing, schools and other community assets. Above all, the cost of
such policies would be modest if the power of private finance is harnessed.
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10 Closer engagement is needed between people, civil society, market and state in
the pursuit of Scotland’s low-carbon vision.
Civil society (ordinary people, their organisations, neighbourhoods and communities of interest)
is potentially a powerful force for change. At present, however, concern about climate change
and understanding of the relationship between routine consumption and carbon emissions is
patchy. Every activity, at home, at work, travelling, shopping, holiday-making or volunteering,
affects our carbon footprint, and many people would welcome clear and consistent leadership
from their elected political representatives about how they can best contribute to the transition to
a low-carbon society. Most people want to understand the reasons for change, to be sufficiently
informed to act knowledgeably and to act with others as part of a bigger social change with a
meaningful impact. They also want to see politicians and business leading by example.
One important step forward will be achieved when business, NGOs, faith groups, other
voluntary bodies and public bodies, are all focused on the central issue of how best to change
society to achieve sustainable wellbeing for all. A priority would seem to be an open and mature
debate to build support for joined-up policies, openly grasping such awkward nettles as the
balance between economic growth, wellbeing and the environment, and how best to ensure that
travel needs of people and communities are met effectively and efficiently. Progress would be
aided by building community partnerships, access to predictable, efficient finance, and strong
political leadership.

The role of the Inquiry
The overwhelming message from the above recommendations is that there is much to do in order
to benefit from a low-carbon future. Society is not ready for the step changes required. We
thought it important to engage with the public and met with a wide variety of organisations and
people in many locations throughout Scotland (Appendix 1). At all stages we discussed our
preliminary findings as an aid to discussion. In addition, several members of the committee have
been involved in workshops with policy makers and the finance industry. We involved the
younger generation via the schools, and produced a short film urging action by everyone. This
report is one outcome and attempts to cover a full sweep of public life. It was tempting to focus on
the lessons to be learned from a few selected fields, where we could be confident that we had
mastered the detail. But the nature of the problem is that all activities interact with each other in a
complex system, and this interaction can have unforeseen and unexpected outcomes. It is these
interactions that can lead to perverse outcomes from a particular policy. It seemed worthwhile to
grasp the nettle and attempt as comprehensive a coverage as possible.
We realise that we may have been over ambitious, but nonetheless, we hope that these views from
what is a cross-disciplinary and independent committee will prove helpful. After all, we have
collected a mass of evidence identifying some of the actual or perceived barriers to change among
the wider population. We hope that our recommendations stimulate action by all organisations
and all individuals.
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Report Structure
In the first part of the Facing up to Climate Change Full Report we try to provide insight and
coherence to arguments that are well known to different groups of specialists in the wider
low-carbon field, but difficult to appreciate together. Thus there is coverage of climate change,
sustainability and the new industrial revolution (Chapter 2) and the science of climate change and
its implications at both a global and Scottish scale (Chapter 3). We then outline the underpinning
economic, social and environmental issues insofar as they affect Scotland: the economics of
climate change (Chapter 4), the interrelationships between climate change and society (Chapter 5)
and the interaction of both with land use (Chapter 6).
The second part of the Report deals with the findings of the Inquiry and assesses the views of a
wide range of respondents on progress in delivering a low-carbon society. We focus on the barriers
to change and possible ways of overcoming them. Thus we include Chapter 7 on public bodies
(local authorities, education, water), Chapter 8 on economic sectors (finance, energy, other
industry, heating, transport, land use), and Chapter 9 on civil society.
Finally, in the third part of the Full Report (Chapter 10), we look at the pervasive challenges
arising from multi-level governance and how they may be addressed. It is the analysis in this last
chapter that forms the basis for our ten Primary Recommendations that are summarised in Box 1.
Chapter 10 also includes 30 Supplementary Recommendations relevant to specific sectors of
activity. The intention here is to highlight possible action points by policy makers in specific fields
of expertise.
We held a Schools Competition which ran in parallel with the Inquiry and was designed to
explore the role that schools can play in raising awareness around the issue of climate change and
a low carbon future. The responses from school pupils and their teachers is summarised in
Chapter 11.

Further information
The Summary Report and Full Report can be obtained on www.achangingclimate.co.uk.
There is also a short film challenging us to remove the barriers and achieve a prosperous
low-carbon society.
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CHAPTER 2 CLIMATE CHANGE, SUSTAINABILITY
AND THE NEW INDUSTRIAL REVOLUTION
Key findings
• Climate change is inextricably linked to wellbeing, security and sustainability.
• Rising levels of CO2 in the atmosphere, linked to burning fossil fuels and land use,
present a major risk of climate change with challenging regional impacts.

•

A new industrial revolution is under way to achieve energy security and to reduce
greenhouse gas emissions, with energy efficiency and energy production emitting low
or no CO2 at its heart.

•
•

Scotland has much to gain economically and socially from this revolution.

•

Despite success in cutting emissions from activities within Scotland, Scotland’s
consumption-based emissions rose by 11% in 1996–2004.

Scotland’s ambitious emission reduction targets (42% cut by 2020 and 80% by 2050)
are achievable but require major commitment and resources.

Introduction
It is helpful to set Scotland’s move to a low-carbon society in a wider global context. There are
close links between the mitigation of climate change and the wellbeing of global populations,
which demonstrate that climate change can no longer be regarded as a discrete ‘environmental
problem’ but is fundamental to the way society works. Human security and prosperity depends
on the inextricable connections between environment, economy and society. The use of fossil
fuels can be curtailed by increasing energy efficiency and moving towards renewable energy and
this is fuelling a new global industrial revolution. Scotland is fortunate to be rich in renewable
resources and the skills to develop them. This report is concerned with the actions needed for
Scotland to participate in and benefit from this global revolution.

The impact of climate change
The underlying reason for this Inquiry is that the risks posed to the world by climate change are
so large as to challenge the way humankind lives and exploits the planet’s resources. It is asking a
lot for society to implement the massive changes involved and thus it is important to explore the
dimensions of the challenge. In so doing we address a question frequently raised as we met people
around Scotland, namely Why change our way of life when there is so much uncertainty about the
science? The level of doubt meant that in January 2010, in the midst of our Inquiry, an Ipsos Mori
poll showed that climate change was included in their top three concerns by only 17% of voters in
the UK. This reflects a level of doubt about the science, which is a major barrier to change.

The Climate Change 2007 report of the Intergovernmental Panel on Climate Change showed
how global mean temperatures have been rising since the middle of the 20th Century. There are
strong theoretical and observational grounds for predicting that this trend brings regional
changes in climate with a greater likelihood of heat waves, heavy precipitation events and floods,
an increase in the frequency and extent of drought, and an overall rise in global sea level1. Such
changes have implications for water supply, ecosystems, food, health and coastal flooding from
which social, political and economic problems will rapidly escalate. Indeed these are the basis of
the Chief Scientific Advisor’s (UK) warnings that we could face the ‘perfect storm’ when a series
of climatically-induced events conspire to produce a global crisis in either energy, food or water
or all three together, leading to regional starvation, migration and political instability2.
Climate change is linked to depletion of the world’s ecological resources, population increase and
to economic growth based on fossil fuels and exploitation of forests, land and oceans. In
2000 –2010, 13 million hectares of forest globally were converted to agriculture or other uses
1 IPCC, 2007, Climate Change 2007: Contribution of Working Group II: Impacts, Adaptation and Vulnerability, Cambridge University Press, Cambridge,
United Kingdom and New York, NY, USA
2 Professor Sir John Beddington, 2009, The Royal Society of Edinburgh ECRR Peter Wilson Lecture, Global Challenges in a Changing World
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every year3. Biodiversity is declining at an unprecedented rate and the deadline set in 2002 by the
UN to reduce the rate of loss of species by 2010 has been missed4. In addition, 10–20% of dry
lands, mainly in the sub-Sahara and central Asia, have been degraded and millions of people
are at risk from climate change5. The fate of the oceans is a concern. Climate change, coastal
development and overfishing threaten marine biodiversity as well as fisheries critical to food
security and livelihoods. Warming and the increased acidification of the oceans threaten coral
reefs and marine biodiversity. A move towards economic sustainability would help to mitigate
the effects of climate change and would place value on ecosystem services which are
fundamental to our human life-support system.
The rise in global mean temperatures since the middle of the last century coincides with a rise in
greenhouse gases in the atmosphere. The trend is clearly demonstrated by the rise in CO2 in the
atmosphere as measured in Hawaii since the 1960s (Fig. 2.1a). The increase correlates with a rise in
the production of CO2 from industry, the burning of fossil fuels and deforestation (Fig 2.1b). The
main gases involved are shown in Figure 2.2 where they are compared to pre-industrial levels. For
convenience, the various gases are referred to in terms of carbon dioxide equivalent (CO2e). In
2005 the average greenhouse gas pollution per person per year was 5.5 tCO2e, ranging from four
times the average in high-income countries in North America and Australia, to twice the average
in high-income Europe. Middle-income countries Brazil and Russia were between twice and
three times the average, while China was around the average and India half the average6. The
trend of the graphs in Figure 2.1 and the apparent increase in recent decades is a reflection of our
exploitation of fossil fuels to power development around the world. But the trends in climate
change and increasing pressure on ecological resources point to the risks of carrying on as usual.
Figure 2.1a

Figure 2.1b

3
4
5
6
7

Figure 2.1
The rise in atmospheric CO2 (parts per million)
compared to the rise in CO2 produced by
human activities. (a) The rise in CO2 as
measured in Hawaii from 1960–2010.
Such an island location in the midst of the
Pacific Ocean and distant from industrial
activity is representative of global trends.
The annual fluctuations, superimposed
on the overall rise, reflect the seasonal
fluctuations caused by vegetation growth
in the land-dominated northern hemisphere.
(b) The rise in emissions resulting from
human activities from 1960–2010, calculated
from statistics of production and deforestation.
PgC yr -1. = One petagram = one Gigatonne (Gt).
LUC = land use change.
Source: Le Quéré et al. 2009.7

Food and Agriculture Organisation of the UN, 2010, The Global Forest Resources Assessment 2010, Rome
Secretariat of the Convention on Biological Diversity, 2010, Global Biodiversity Outlook 3, Montréal
Millennium Ecosystem Assessment, 2005, Ecosystems and Human Well-being: Desertification Synthesis, World Resources Institute, Washington, DC
World Bank, 2010, World development report 2010: development and climate change
Le Quéré et al., 2009, Trends in the sources and sinks of carbon dioxide, Nature Geoscience 2, pp 831–836
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Concentration
in atmosphere
– pre-industrial

Concentration
in atmosphere
– 2005

% increase
since pre-industrial

Carbon dioxide

280 ppm

379 ppm

35

Methane

715 ppb

1774 ppb

148

Nitrous oxide

270 ppb

319 ppb

18

Sources of emissions:
CO2: fossil fuels, cement production, land use change
CH4: rice, livestock, landfill, natural gas production
N2O: fertiliser, biomass, agriculture, industry
Figure 2.2
The concentration of the main greenhouse gases in the atmosphere compared to pre-industrial times (ppm = parts per million, ppb =
parts per billion). Greenhouse gases are conventionally expressed as equivalent amounts of CO2 where equivalent means having the same
warming affect over 100 years. One ton of carbon-dioxide equivalent is abbreviated as 1tCO2e and one thousand million tons as 1GtCO2e.
Source of data: IPCC 2007 8

There are two ways in which societies can respond to the challenge of climate change. One is to
focus on adaptation. This recognises that the concentrations of CO2 already in the atmosphere are
leading to changes in climate and that resources will need to be focused on making society
resilient to such changes. Many of the worst impacts will bear on poorer countries, especially
those in the arid subtropics, which are predicted to experience more droughts, and the low-lying,
densely populated deltaic areas of south-east Asia which are vulnerable to sea-level rise. There are
additional impacts for Scotland (Chapter 3) but these direct impacts are likely to be minor in
comparison. There is a global inequality in that the richest countries, mostly lying in temperate
mid latitudes, will be less affected by the need for adaptation than many poorer countries.
The second response is to focus on mitigation. Such an approach recognises the link between
CO2 and rising global temperatures and aims to reduce the amount of CO2 added to the
atmosphere as rapidly as possible commensurate with economic growth. The pre-industrial
level of CO2 concentrations in the atmosphere was 280 parts per million (ppm), while in
November 2010 it had risen to 389 ppm9 with recent annual rises of ~2 ppm (Fig. 2.1). At what
level are we likely to be able to stabilise emissions? The nature of the risk is illustrated in
Figure 2.3. A level of 550 ppm is likely to cause a best-estimate warming of nearly 30C but with
an uncertainty that ranges from 2.40C to 5.50C. A level of 750 ppm is estimated to increase
global temperatures by 4.30C with a range of uncertainty of 2.8–6.40C. Such changes in global
temperature would change the physical geography of the world. For perspective, these changes
are approaching the magnitude of change that, in the opposite direction, brought us the last
Ice Age and sea-level lowering of 120m.

8 IPCC, 2007, Climate Change 2007: Contribution of Working Group I: The Physical Science Basis, Cambridge University Press, Cambridge, United Kingdom
and New York, NY, USA
9 National Oceanic and Atmospheric Administration’s Earth System Research Laboratory, 2010, Trends in Atmospheric Carbon Dioxide December 2010.
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Equilibrium global
mean temperature
increase above
pre-industrial (0C)

GHG concentration stabilisation level (ppm CO2 -eq)
Figure 2.3
Predictions of the rate (black line) and uncertainty (red and blue lines) of global warming forced by rising concentrations of CO2e in the
atmosphere. The categories I-VI represent forcing by scenarios of increased levels of greenhouse gases. The implication is that the average
climate is likely to stabilise at a warmer level, but of course this does not take into account regional variations. Source: IPCC, 2007 10.

A long-term aim of reducing levels to 400 ppm would be the safest option since it brings levels
below those of the present and closer to the envelope in which humans evolved. In Climate
Change 2007 the IPCC recommended a 50–85% cut in global carbon emissions in order to
maintain a level of 450 ppm in 2050. Bearing in mind the trajectory of change, stabilising
levels at 500 ppm is already a challenging prospect.

Climate change and global societies
Climate change is intimately related to the issue of human wellbeing (or economic and social
prosperity) as recognised over 20 years ago by Margaret Thatcher and subsequently by the
eloquent Archbishop Tutu (Box 2.1). The poorest nations are doubly disadvantaged since they
were neither the cause of the problem nor do they have sufficient resources and economic
resilience to deal with its impacts. The joint problems of social injustice and climate change need
to be tackled together. Attempts to combat climate change without addressing problems of
wellbeing will prevent the global collaboration and effort that will be necessary to lower CO2
concentrations. Alternatively, tackling global wellbeing without dealing with climate change
will risk even more serious disruption and starker inequality as climate change bites.

Box 2.1 Quotations from Margaret Thatcher and Desmond Tutu
Margaret Thatcher. Speech to United Nations, 8th November, 1989
“What we are now doing to the world, by degrading the land surfaces, by polluting the
waters and by adding greenhouse gases to the atmosphere at an unprecedented rate –
all this is new in the experience of the Earth. It is mankind and his activities that are
changing the environment of our planet in damaging and dangerous ways… The evidence
is there. The damage is being done. Every country will be affected and no one can opt out.
Those countries who are industrialised must contribute more to help those who are not.”
Archbishop Desmond Tutu. Speech to United Nations Development Programme, 2007
“Of course, rich countries can use their vast financial and technological resources to protect
themselves against climate change, at least in the short term – that is one of the privileges of
wealth. But as climate change destroys livelihoods, displaces people and undermines entire
social and economic systems, no country – however rich or powerful – will be immune to
the consequences. In the long run, the problems of the poor will arrive at the doorstep of the
wealthy, as the climate crisis gives way to despair, anger and collective security threats.”
10 IPCC, 2007, Climate Change 2007 Synthesis Report, Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA
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The strength of the link between climate change and global economic wellbeing is important to
emphasise. There has been a tendency to regard climate change as an environmental problem
and this has left environmental organisations to take the lead in making the case for action.
However, it is clear that the scale of the problem is such that it requires a change in the
organisation of society, particularly in the way we use resources. After all, the effects of climate
change depend on the response of society to the changes. The implication is that there is a broad
cross-section of society that needs to be represented, a situation encapsulated by Tony Kendle
who writes: “There are people who are vitally important for finding good solutions who
currently are not engaged – George Marshall coined the term MINGO to represent the missing
NGOs in the debate.” 11 12. A solution requires political leadership, including leading by example,
and systematic, broadly-based public engagement, using and building on existing institutions of
states, markets and civil society, from government bodies, through business and industrial
associations to voluntary groups.
The Stern Review13 and A Blueprint for a safer planet14 mark a major step forwards in integrating
the problem of climate change and global wellbeing. In common with the IPCC15, Stern makes
the case for global action to move to a low-carbon society (Box 2.2).

Box 2.2 Nicholas Stern. A Blueprint for a safer planet, 2010, p. 207–8
“It should now be clear that we understand enough of the science to see the magnitude
of the risks and the scale of the action necessary to reduce them. We can recognise the
technologies that can take us both to a more energy-efficient economy and to energy
sources which are low-carbon, and we are constantly developing more. We can see how we
can stop deforestation. Thus we understand the practicalities of what to do and how to do
it; and, given how that understanding has deepened so quickly over the last few years, we
can be confident we will learn much more, and reduce costs, along the way.
We also understand the economic policies that can deliver the necessary action in an
effective, efficient and equitable way. The costs of the necessary actions are acceptable
and manageable in relation to the reduction in risks they bring.”
The crux is to recognise that the rich countries have prospered because they have undervalued the
cost of burning fossil fuels since the industrial revolution. It follows that a way forward is to
restrict the use of and/or raise the cost of fossil fuels while investing strongly in energy efficiency
and renewable energy (see Chapter 4 for further discussion). The use of economic mechanisms
such as carbon quotas and trading is one way of encouraging the flow of funds from rich to
poorer countries. The cost of carbon must include not only direct emissions but also those
embedded in imported goods, again facilitating a trans-national flow of funds.
This latter point is of crucial importance, since the magnitude and direction of flows of embedded
carbon into rich countries are striking and some account of these is essential to a long-standing
solution (Fig. 2.4). In the case of Scotland in the years 1995–2004 territorial emissions reduced by
13%, while consumer emissions grew by 11% over the same period16. An effective strategy moving
from fossil to renewable fuels, including additional investment in adaptation in poorer countries,
might involve investment by rich countries of ~2% of GDP. Stern (2010)14 notes that this
investment in climate security is far less than that in defence security for most rich countries.
11
12
13
14
15
16

Kendle, Tony, 2010, Creating a climate for social justice, Carnegie Trust UK, 66
Marshall, G., 2007. Asleep on their watch: Where were the NGOs? In Eds. Cromwell, D., Levene, M., Surviving Climate Chaos, Pluto Press, London
Stern, N. 2007, The Economics of Climate Change, Cambridge University Press
Stern, N. 2010, A blueprint for a safer planet, Vintage Books
IPCC, 2007, Climate Change 2007: Contribution of Working Group III: Mitigation of Climate Change, Cambridge University Press, Cambridge,
United Kingdom and New York, NY, USA
Stockholm Environment Institute, 2009, The need for sound carbon accounting in Scotland, York Centre. Territorial emissions are emissions arising directly
from activities that take place within Scotland; consumer emissions, however, take into account emissions embedded in imports and exports, even where
the direct emissions occur in the country of origin.
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The UK Government Office for Science web site (2010) suggests that reducing all greenhouse
gases (including aviation) by up to 42% by 2020 would cost less than 1% of national GDP.

Figure 2.4
The flow of embedded
carbon incorporated in
imported goods.
The scale of the flow to
the USA and Europe is
striking and a measure
of how much the richest
countries have exported
their CO2 emissions to
other countries.
Source Davis and
Caldeira, 201017.

A new industrial revolution
The investment in energy efficiency and energy with no emissions is nothing short of a new
industrial revolution with significant advantages for both the developed and developing world.
The low-carbon market worldwide is already worth £3.2 trillion and forecast to grow at around
4% per year18. Energy efficiency brings immediate and short-term gains in reducing carbon,
reducing waste and saving costs. Renewable energy can substitute for fossil fuels over decades
and has widespread potential in most countries, with the particular advantage that it can provide
localised power in countries with and without centralised electricity grids. The opportunities and
scale of development of wind turbines is remarkable (Box 2.3)19.

Box 2.3 Connie Hedegaard,
European Commissioner for Climate Action, 2010
“I come from a country (Denmark) where it took 30 years to build a world brand in wind;
ten years ago China did not have one wind manufacturer; today they have three in the
global top 10, They say themselves that they will have two in the global top 5 within 5 years.
In less than ten years they came from zero to 50% of the global market.”

Investment provides the economic growth with which poorer countries have the potential to
raise their standard of living. Countries can play to their advantages and, as has happened with
the way mobile phones have substituted for land lines in parts of the world, it should be possible
for countries to leap-frog fossil fuels and yet grow effectively. Reliance on renewables will result
in a cleaner, healthier, biologically more diverse environment. Moreover, the field of renewables
tends to be labour intensive and thus, in those countries experiencing the hangover of a recession,
such as Scotland, is a cost-effective way of introducing stimulus spending.
17

Davis, S.J. and Caldeira, K. 2010, Consumption-based Accounting of CO2 Emissions, Proceedings National Academy of Science, Vol 107, no 12, 5687–5692.

18

David Cameron, The Observer, 28/11/10

19

EU Atomium Culture, High Level Workshop, Living in a Low-Carbon Society, November 2010
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In the next few decades fossil fuels will remain the dominant source of energy worldwide,
accounting for 77% of the overall increase in energy demand in 2007–2030 (oil 24%, coal 53%, gas
42%)20. This points to the importance of developing and employing carbon capture and storage
(CCS) which is thought to have the potential to reduce these fossil fuel emissions by 10–14%.
Sustainability
How sustainable is the emphasis on economic growth in a planet with finite limits on resources?
Assuming a global population stabilises at 9 billion with a standard of living equivalent to that in
the OECD nations, the world’s economy would need to grow by 15 times by 2050 and 40 times by
the end of the century. This is an issue much debated in professional circles and also among the
public we met during the course of the Inquiry. Many of the latter are concerned about the
viability of our current rich-country lifestyle and the overwhelming emphasis on growth,
especially prominent as a means of kick starting the economy since the financial crisis of 2008.
In Prosperity without Growth? 21 Jackson suggests that, above a certain threshold, there is little
correlation between income and ‘happiness’ and that we should also include as a measure of
prosperity such factors as health, family, relationships and trust in the community (Box 2.4). An
implication is that the richer world could consume less whilst still improving prosperity in this
wider sense. Such an outcome would require radical changes in outlook, governance and our
respect for ecological limits.

Box 2.4 Tim Jackson. Prosperity without growth?
Sustainable Development Commission, 2009, p.102
“For at the end of the day, prosperity goes beyond fleeting material pleasures…
It resides in the quality of our lives and in the health and happiness of our families.
It is present in the strength of our relationships and our trust in the community. It is
evidenced by our satisfaction at work and our sense of shared meaning and purpose.
It hangs on our potential to participate fully in the life of society. Prosperity consists
in our ability to flourish as human beings – within the ecological limits of the planet.”
The debates outlined above confront difficult problems but they have in common one optimistic
view. It is that there is a way forward that can cut carbon emissions while at the same time
improving the wellbeing of peoples around the world. The implication is that all countries will
need to play a role. Moreover, the sooner we make substantive changes the easier the task and the
less the cost, since every delay means that we start with a higher concentration of CO2 in the
atmosphere and the task becomes ever more challenging (Box 2.5!).

Box 2.5 Attributed to James Hansen and heard during the Inquiry:
Two planets met in space. Earth said “How are you?”
“Very well thank you. How are you?” replied the other planet.
“I fear I’m a little under the weather just now. I have been infected with Humanitis.”
“Oh!” replied the other planet “Don’t worry! It doesn’t last long.”

20

International Energy Agency, 2009, World Energy Outlook 2009

21

Jackson, T., 2009 Prosperity without growth? The transition to a sustainable economy. Sustainable Development Commission, 136.
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The human response and the Scottish context
During the course of the Inquiry the Committee often heard the much debated argument that,
given the uncertainty, we can afford to wait before taking action. But the converse argument is
stronger. It is because of the uncertainty, and because of the magnitude of the risk affecting the
future of the planet, that it is more important than ever to act quickly. This precautionary
principle is one well known to the insurance industry. Mackay (Chief Scientific Advisor, DECC)
compares it to riding a fast motorbike in the fog near a cliff edge without a map. He writes
“would the lack of a map justify not slowing down?”22
During the 18-month course of the Inquiry there has been a remarkable shift in the debate. We
began in an atmosphere of optimism in October 2009, before the UN meeting in Copenhagen in
December 2009. There was the public disappointment at the limited progress at the meeting,
scepticism about the science of climate change, subsequent restoration of its importance in the
summer of 2010, and now we are aspiring to create a new industrial revolution. Commitments at
the UN Cancún meeting of 2010 suggest that many countries (and states within the US) are
beginning to implement the low-carbon agenda, even while there is no binding international
treaty. In retrospect Copenhagen may have marked the moment when the countries of the
world bought into the seriousness of the problem. Stern makes the point that international
interest was low at the time of the G8 (+5) meeting in Gleneagles in 2005 and that the change at
the top is recent14. The vision of the opportunities of a prosperous low-carbon future is shared by
many political leaders. In the words of Connie Hedegaard (2010), European Commissioner for
Climate Action:
“But many leaders realise that only the regions that would become the most energy efficient and
most resource efficient will be best suited to take markets, to create jobs, to have sound economics
in the future. I think that is one thing that has changed quite a bit.” 19
During the Inquiry we heard from the EU Environment Agency how the EU is introducing
ways in which the progress of states towards sustainable economies will be measured and
monitored23. It is significant that future environmental legislation will require states to report
on five indicators of environmental quality and societal well-being; in addition to GDP, there
will be analyses of resource efficiency (including water, natural capital, forests, agriculture and
biodiversity, environmental clean technologies), greenhouse gas emissions, poverty, and
employment. This agenda closely matches the vision of a low-carbon Scotland in that it
integrates environmental, social and economic affairs.

Why Scotland should act
A common question during the course of the Inquiry was: How can a small country like Scotland
make a difference to such a big global problem? In a sense the question has been overtaken by events
in that it should be reworded in terms of: How can Scotland use the opportunity? Nevertheless it is
useful to respond to the original question and there are three responses to such questions: ethical,
practical and visionary.
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Mackay, D.J.C. 2009, Sustainable Energy – without the hot air, UIT, Cambridge, 11

23

Professor Jacqueline McGlade, EU Environment Agency, 2010, oral evidence to the Inquiry
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Figure 2.5
The Pumpherston shale-oil works in 1941. The shales in the central lowlands of Scotland were mined and processed to produce diesel
oil/paraffin, the beginnings of the global petroleum industry. Right James (Paraffin) Young, the chemist and entrepreneur and Fellow
of the Royal Society of Edinburgh.

The ethical point is that everyone on Earth shares the same atmosphere and we in Scotland and
the UK have helped cause the rise in CO2. Indeed, the UK is estimated to have produced more
CO2 emissions per person in the years 1751–2008 than any other country24. The UK’s
contribution of over 300 tonnes of carbon per person is marginally above, or similar to, that of
the USA. Scotland can lay claim to a further contribution in that James “Paraffin” Young
(1811–1883) created the oil-shale petroleum industry, marked today only by the remain of conical
hills (bings) of waste material in the central lowlands of Scotland (Fig. 2.5). In an interesting
twist it was a protest against institutions investing in a similar industry in Canada that led to the
demonstrations in Scotland in August 2010 against the Royal Bank of Scotland.
The practical point is that no country will be immune to the natural, social and economic
problems caused or aggravated by climate change. Rises in sea level, droughts, floods and storms
will affect food and energy prices, increase migration and add to political tensions. The eruption
of Eyjafjällajøkull in Iceland in April 2010, although not climatic in origin, was a dramatic
illustration of how a relatively minor local event had an immediate and widespread effect on
global activity. If much larger events associated with climate change as, for example, the Indus
floods of 2010 or the Queensland floods of 2010/11, increase in frequency, we can look forward to
a century of increased disturbance and cost.
The visionary point is that a new industrial revolution could power a richer, more equal and
sustainable world. Scotland is blessed with abundant renewables and located close to the
populated heartlands of Europe. It has 25% of Europe’s wind and tidal resource and 10% of
Europe’s potential for wave power 25. Given this optimal location and the high concentration of
research institutions, surely we could be among the early movers in the new renewables
industrial revolution? We are late in the terrestrial wind market, but the marine wind, wave and
tidal energy markets beckon. In addition, carbon capture and its storage in former oil and gas
fields offers potential not only as a repository for carbon extracted from coal-fired power stations
in Europe, but also as a possible long-term technology with global reach. Altogether, Scotland’s
low-carbon market was worth £8.5 billion in 2007–08 and is forecast to rise to around £12 billion
by 2015–1626.
24

Hansen, J., 2009. Storms of my grandchildren. The truth about the coming climate catastrophe and our last chance to save humanity.
Bloomsbury, London, 303.
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Scottish Government, 2010, Low-Carbon Scotland: the Draft Report on Proposals and Policies
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Scottish Government 2010, A Low-Carbon Strategy for Scotland
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Scotland can also learn from northern Europe the lessons of more efficient ways of heating
buildings, combining heat networks with flexible sources of heat and high standards of
buildings insulation, to increase local, sustainable employment and affordable heating.

Current UK/Scottish policy framework
The UK Government has set a 2050 target of reducing emissions of all Kyoto greenhouse gases
by 80% compared to 1990 levels. The Committee on Climate Change was set up as an
independent statutory body under the Climate Change Act (2008) to advise UK and devolved
administration governments on setting and meeting carbon budgets and preparing for climate
change. The Committee is required to report annually to Parliament on progress in meeting
targets. The Fourth Carbon Budget, dealing with emissions budgets in the 2020s, was published in
December 2010 27. The Committee’s advice is that it is necessary to accelerate the pace of change –
and introduce new policies – if the UK is to meet its carbon budget in the 2020s and hit its
2050 target.

Figure 2.6
Possible cuts in emissions by sector to be achieved in 2030 en route to the 2050 reduction targets. The different levels of reduction in
different sectors reflects what is most feasible. Source: Committee for Climate Change, 2010227.

The gist of the Committee’s advice is that it is necessary to largely decarbonise electricity
production by 2030, while at the same time meeting increased demand for electricity in the
transport and heating sectors, in order to put the UK on a low-carbon trajectory. Drawing on
what is technically and economically feasible, the Committee outlines scenarios in which
different sectors deliver different emission reductions by 2030 (Fig. 2.6). The largest emission
reductions are required in the power generation sector (over 90%), with over 50% emission
reductions from buildings, over 40% from surface transport and nearly 30% from industry.
Energy generation, the sector with the most challenging targets, is a reserved UK responsibility.
The Inquiry was advised by officials at DECC that the virtual decarbonisation of electricity
generation by 2030 required the UK to invest on a massive scale in three technologies, namely
renewables, nuclear power and carbon capture and storage (CCS). A message permeating the last
Committee report is that the sooner we make serious cuts in the power generation sector, the
easier it will be to meet the emission targets in 2050.
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UK Committee on Climate Change, 2010, The Fourth Carbon – Reducing emissions through the 2020s
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Scotland has legislation with clear targets for cutting greenhouse gas emissions (Fig 2.7). The
Climate Change (Scotland) Act 2009 requires Scotland to meet annual targets to reduce
greenhouse gas emissions, with headline reduction figures of 42% by 2020 and 80% by 2050 from
the baseline level of ~70.2 million tonnes carbon dioxide equivalent (MtCO2e). The Act provides
comprehensive enabling powers to the Scottish Government, through the development of
secondary legislation, which can be used to create or tighten regulations in order to meet
emission targets. The Climate Change Delivery Plan (2009), and the more recent Report on Proposals
and Policies (2010), add detail to the overall targets by outlining the sectors and policies for
delivering the emissions reductions (Figs. 2.8 and 2.9). These documents separate out the emission
reductions which will be delivered by the EU Emissions Trading Scheme – denoted as the
“traded sector” and over which Scotland has no control – from other sectors.
The challenge of these targets is clear. The target for provision of 80% net electricity consumption
from renewables by 2020 is set against a predicted rise in electricity consumption, for example to
power electric cars. The 30% cut in emissions from heating domestic buildings will involve a
massive programme of retrofitting existing buildings, while maintaining their cultural value. The
required cut in road transport emissions is set against a background of increasing car ownership
and indeed of increased road building in Scotland. The 10% cut in land use emissions is to be
achieved while increasing production of food and biofuels.

Figure 2.7
The CO2e emissions targets arising from
the Climate Change (Scotland) Act 2009.

Figure 2.8
Historical Scottish emissions and
their main sources: The four main
sources in order of magnitude
are: electricity generation and
energy-intensive industry,
transport, agriculture and related
land use, and heating buildings,
followed by smaller contributions
from waste, aviation, and others.
Source: Scottish Government,
2010.25
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Figure 2.9
Abatement potential in different
sectors to 2020. Source:
Scottish Government, 2010.25

The latest emissions inventory for Scotland provides data for the production of greenhouse gases
from Scottish territory over the period 1990–2008. These data suggest total net greenhouse gas
emissions (excluding aviation and shipping) of 53.7 MtCO2e in 2008, a 21.2% reduction from base
year levels28. This reduction in net emissions from 1990 reflects the overall outcome of different
actions over 20 years, namely: the reduction in carbon dioxide emissions from the closure of
industry and steelworks such as Ravenscraig; from the increased sequestration from forests
planted in previous decades; and from emission reductions from more energy efficient
households. Reductions have been partially offset by rising emissions from road transport and
power generation activities. The recession of 2008/09 is also expected to have had a tangible
effect on emissions.
Under the 2009 Act, annual emissions targets must be set through secondary legislation. As
required by the Act, proposed annual targets to 2022 were laid before Parliament in summer
2010 but were rejected. Revised annual targets were laid before Parliament and represent a
trajectory that starts gently and ramps up after 2012. The targets were passed in September 2010
(Box 2.6).

Box 2.6 Revised annual targets for the reduction in emissions (tCO2e)

28

2010

55,913,000

2011

55,633,000

2012

55,355,000

2013

50,301,000

2014

48,903,000

2015

47,495,000

2016

46,117,000

2017

44,747,000

2018

43,384,000

2019

42,012,000

2020

40,607,000

2021

39,388,000

2022

38,206,000

AEA Energy & Environment, 2010, Greenhouse Gas Inventories for England, Scotland, Wales and Northern Ireland 1990–2008
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At the end of 2010 the Scottish Government published a suite of reports setting out its strategy
and its vision for a low-carbon society. These included: Scotland – a Low Carbon Society; the
statutory Reports on Proposals and Policies (RPP), which lays out the detailed policies for delivering
the targets; the Energy Efficiency Action Plan and a forthcoming report on public engagement.
The reports describe the necessary actions, as well as the benefits and opportunities, of delivering
a low-carbon Scotland. The Climate Change (Scotland) Act 2009 provides legislative teeth, since it
enables the specification of duties that are to be carried out by certain authorities and the public
sector to support delivery of emission reduction targets (Box 2.7).

Box 2.7 Examples of the duties on public bodies enshrined
in the Climate Change (Scotland) Act, 2009.
Section 44 of the Climate Change (Scotland) Act 2009 places duties on Scottish public
bodies in relation to climate change. A public body must, in carrying out its functions, act:

• In a way best calculated to contribute to the delivery of the Act’s emission reduction
targets;

• In the way best calculated to help deliver any statutory programme for adapting
to the impacts of climate change; and

• In a way that it considers most sustainable.

Several reservations emerge from these reports. The first is that in the absence of the EU moving
to a policy of reducing emissions by 30% relative to 1990 levels, the current policies specified in
the draft Report on Proposals and Policies (2010)25 are expected to achieve a reduction in emissions
of 38% by 2020. This is short of the target of 42% and leaves little room for manoeuvre unless
new – and potentially unpopular – policies are introduced. A second reservation is that evidence
from previous emission projections suggests that governments are typically over-optimistic
about the abatement potential and underplay the likelihood of baseline emissions rising by more
than expected29. The third is that slow progress has been made on potential emission reductions
that lie within the powers of the Scottish Government, for example in transport and residential
heating. Indeed, it has been difficult to achieve change even when, as in the case of heating,
household energy efficiency could save consumers a cumulative £8.5 billion on their fuel bills24.
The conclusion that meeting the targets is possible, but will be hugely challenging to achieve, is
confirmed by a report of the UK Committee on Climate Change in response to advice sought by
the Scottish Government (2010)30. The report notes that Scottish targets are higher than those for
the UK as a whole and, unlike the UK, have the added burden of: including emissions from
international aviation and shipping; not being conditional to the EU agreeing to higher targets
as part of an international agreement; and setting annual targets which reduces flexibility. The
overall conclusion of the Committee on Climate Change is that there is scope for tighter controls
on emissions from the non-traded sector, within the control of the Scottish Government. The
report recommends “strengthening of existing policies to drive the required step change in
reducing emissions from buildings, transport, electricity, agriculture and waste. Given a new
policy framework, the opportunities are there for the Scottish people and businesses to drive
down emissions and build a low-carbon economy.”
29

Kerr, A. et al. (2003), Policy Audit of UK Climate Change Policies and Programmes, UK Sustainable Development Commission, London.
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UK Committee on Climate Change, 2010, Scotland’s Path to a Low-Carbon Economy
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Finally, it is important to realise that this focus on production emissions ignores the embodied
carbon (“consumption emissions”) imported to Scotland, for example in services or goods
manufactured or supplied from outside the country (Fig. 2.4). There are ongoing efforts to
measure emissions from “consumption” in the UK and Scotland, but it remains a complex task.
Nonetheless the take-home message is that emissions from the consumption of goods and
services in Scotland and the UK has risen since 1990, despite the encouraging fall in emissions
from activities within the country16.
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CHAPTER 3 CLIMATE CHANGE AND SCOTLAND:
RECENT TRENDS AND IMPACTS
Key findings
• Human activity is causing a rise in atmospheric CO2 concentrations; there is little doubt
that this is contributing to global warming.

• There is some uncertainty as to how this will affect regional climate patterns.
• Scotland’s climate has recently proved to be wetter (especially in the west) and warmer
and this is expected to continue throughout the 21st Century with, on average, hotter
and drier summers and milder and wetter winters.

• Sea levels will continue to rise, most rapidly in the Outer Hebrides and Northern Isles.
• Extreme weather events will continue to affect Scotland, as they have always done;
the severity and frequency of these events may increase.

Introduction
In this chapter we cover the key evidence for global climate change and then outline the trends
of climate change in Scotland, the potential impacts and the implications for policy makers.

Global climate change
The Inquiry Committee supports the views of the Intergovernmental Panel on Climate Change
(IPCC) Report in 200731 that there is a powerful scientific case to show that climate is changing,
that human activities are contributing to the rise in CO2 in the atmosphere, and that this is a
major cause of the global warming of the last 50 years. Feedback from our public meetings
suggested that there is intense interest in the science and we were encouraged to explain why the
Inquiry Committee agrees with conclusions of the IPCC. We also discovered that people
welcomed easy access to certain critical graphs and we reproduce them here.

Figure 3.1
Temperature and CO2 variations over the last 420,000 years from the initial Vostok Antarctic ice core, showing the amplitude of
temperature and CO2 changes during four Ice Age cycles. There is a match between temperature and CO2 variations, although
moderated by feedback mechanisms within the Earth’s system. Present levels of CO2 (389 ppmv in 2010) are higher than has
occurred during the course of most human evolution. Vertical axis (CO2): ppmv = parts per million by volume, temperature in degrees
Celsius. Horizontal axis; years BP = years before present. Source: Petit et al. (1999) 32.
31

IPCC, 2007, Contribution of Working Group 1 of the Fourth Assessment Report of the Intergovernmental Panel on Climate Change,
Cambridge University Press, Cambridge, UK.
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Petit, J.R., Jouzel, J., Raynaud, N., Barkov, N.I., et al., 1999. Climate and atmospheric history of the past 420,000 years from the Vostok ice core, Antarctica.
Nature, 399, 429-436.
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Ice cores
The results of analysis of ice cores on the ice sheets of Antarctica and Greenland have been
pivotal in showing just how far humankind has increased greenhouse gases in the atmosphere.
Snow accumulating on the centre of an ice sheet retains a record of climate change, so far
extending back 740,000 years33. The oxygen isotopes in the ice tell of the temperature at the time
of deposition, while gases retained in bubbles in the ice are samples of the atmosphere at the
time. Figure 3.1 shows the results of an Antarctic core extending back 420,000 years32. It reveals
the typical saw-tooth pattern of temperature fluctuations of around 80C as the world experiences
four Ice Ages, each terminated abruptly by an interglacial, such as our present one which spans
the last 10,000 years. Similar relationships exist in both hemispheres and research has established
that the records are representative of the world as a whole, although average global temperature
changes were nearer to 50C.
The tempo of the large scale fluctuations in climate is determined by variations in the receipt of
solar energy on the Earth surface as a result of Croll/Milankovitch orbital cycles (predictable
wobbles as the Earth orbits the sun), which take place on timescales of between 20,000 and
100,000 years. Scotland can be proud that the first person to demonstrate this relationship was
James Croll (1821–1890) who worked in the universities of both Glasgow and Edinburgh.
However, these variations are insufficient to account for the magnitude of the 5 0 C global
temperature change. It is believed that the solar variations are amplified by CO2 released from or
dissolved in the oceans as Croll/Milankovitch cycles initiate warming or cooling trends. CO2 in
the atmosphere varies broadly in line with temperature, with concentrations falling in Ice Ages
and rising in interglacial periods between Ice Ages. Such a link between global temperature and
atmospheric CO2 has been accepted since the 19th Century34.
Because of the role of both solar cycles and CO2, the relationship between temperature and CO2
is complex. In warming parts of the record, the rise in temperature leads the rise of CO2 by about
800 years. This is because when a Croll-Milankovitch warming starts to warm the oceans, they
take hundreds of years to respond fully, due to their enormous volume, and it is only as they
warm that they release CO2. But as they release CO2, it warms the Earth even more. Such
complexity is typical of the many interactions between the atmosphere, oceans and the land
surface, with leads and lags between different components of the system and feedback effects
amplifying or suppressing changes. Without the modern computer, it would be extremely
difficult to understand many of these changes. Finally, the analysis in Fig. 3.1 shows how current
levels of CO2 are higher than in previous interglacials. Indeed, since publication in 1999, levels
rose to 389 ppmv in 2010 (i.e. off the vertical axis)35.
There are two important points raised by the ice core results. First, the current levels of
atmospheric CO2 are higher than they have been for 740,000 years. Indeed, the human species
now faces CO2 levels never experienced before. We are embarking on an experiment with no
certainty in the outcome. Secondly, some short-term fluctuations are abrupt. Some Greenland
Ice Sheet records with layers that can be counted on an annual basis show abrupt local
temperature changes of around 50C within time spans as short as two years. These remarkable
changes, often regional in extent, are vivid evidence of tipping points which can be activated
when some threshold within the climate system is crossed. At present, our knowledge of the
causes of abrupt changes is poor and the present models predicting climate change do not take
account of them. The implication is that rising CO2 levels could trigger abrupt regional changes
in climate, but that at present the nature and level of such thresholds are unknown.
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EPICA Community, 2004, Eight glacial cycles from an Antarctic Ice Core, Nature v. 429
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Tyndall, J., 1863, On radiation through the Earth’s atmosphere, Philosophical Magazine, Series 4, Volume 25, Issue 170, 200 – 206; Arrhenius, S., 1896,
On the influence of Carbonic Acid in the air upon the temperature of the ground, Philosophical Magazine, 41 237 – 275.

35

National Oceanic and Atmospheric Authority (2010) Annual mean CO2 data at Mauna Loa, Hawaii, Earth System Research Laboratory,
Monitoring Division http://www.esrl.noaa.gov/gmd/ccgg/trends/. Last accessed 6 December 2010.
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Direct measurement of CO2 and global temperatures
Direct measurements show that atmospheric CO2 has been rising and at an increasing rate since
1960 (Chapter 2, Fig. 2.1a). Annual measurements in Hawaii since 1958 show a year-on-year rise
in CO2, averaging 2.0 ppmv per year over the period 2005–1034. Sadly, the Kyoto protocol of 1997
has had minimal effect on the trend. Much of the rise in CO2 can be directly linked to human
activity, with isotope analysis revealing that the carbon source is from fossil fuels. Further, the
rising trend since 1960 caused by burning fossil fuels, making cement and land use change (Fig.
2.1b), is based on statistics of production. The contribution of deforestation to the rise in CO2 has
persisted at a lesser rate for the same period. Given the rising trend of both CO2 in the
atmosphere and the production of CO2, it is difficult to escape the conclusion that human
activity is involved in changing the composition of the atmosphere.
Observations around the world show rising temperatures, especially in the last half century (Fig.
3.2). The observations of global temperature are based on measurement at numerous sites and
assembled by different organisations. The results show a rising trend punctuated by oscillations,
probably ocean-driven, on time scales of 5–11 years, the latter often linked to ocean/atmosphere
changes such as El Niño.
Figure 3.2
The close agreement between three
different temperature records of
global temperature rise from the UK
Meteorological Office, NASA and NOAA.
Also shown is the 95% confidence level.
Such records are assembled from
data from 5,000 land stations, 1,200
freely-floating buoys, ships and moored
buoys. Source: UK Meteorological
Office, Dec 2009.
©Crown Copyright, the Met Office.

The nature of the link between the rise in atmospheric CO2 and temperature is well illustrated by
two graphs comparing the observations of climate change in the 20th Century with predictions
based on an ensemble of theoretical models36. In one scenario the models are forced by natural
factors alone, such as insolation (solar energy) and volcanic eruptions (affecting the transparency
of the atmosphere) (Fig 3.3a); in the other, the effect of rising CO2 is also included (Fig. 3.3b). The
range of predictions of the different models is shown along with the mean trend. In the
uppermost graph (Fig. 3.3a) the models driven by natural factors alone match the trend of the
early 20th Century well, but after 1960 they diverge from observations and predict a decline.
However, global temperature continued to rise. In the lower graph (Fig. 3.3b), the rise in CO2 is
also included in the models and in this case the predictions closely simulate the observed rise in
global temperature to the present day. The important implication is that both natural forcing and
human forcing are necessary to explain the rise in global temperature in the last half century. This
match between models and observations suggests considerable progress in understanding how the
world’s climate works. It implies that human activities are involved in the rise in CO2 and the
warming of the atmosphere.
36

Hegerl, G.C., Zwiers, F. W., Braconnot, P., Gillett, P.N.P., Luo, Y., Marengo Orsini, J.A., Nicholls, N., J.E. Penner, J.E. and Stott, P.A. 2007, Understanding
and Attributing Climate Change. In: IPCC: Climate Change 2007: Contribution of Working Group I: The Physical Science Basis. Cambridge University Press,
Cambridge, United Kingdom and New York, NY, USA.
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Figure 3.3
Observations of global temperature rise and
theory agree and demonstrate the role of
CO2 in raising global temperatures.
(a) The observed rise in global temperature
since 1900 (black) compared with the range of
different model predictions of climate change
due to natural variations, including insolation
and volcanic eruptions (blue). Natural forces
predicted a decline in global temperature since
1960, whereas temperature has continued to
climb. (b) The same comparison but with the
effect of rising atmospheric CO2 also taken into
account. In this case the models simulate the
rise in observed temperatures closely.
From Hegerl et al., IPCC, 2007 35

B

Credibility of climate change science
It is important to stress that the scientific basis for the above has survived unprecedented scrutiny
in 2009–2010. Reviews of the case of the hacked emails by scientists from the Climate Research
Unit at the University of East Anglia revealed that the data showing trends in climate change
remain substantiated. Indeed the data are replicated by other organisations (Fig. 3.2). The
unsupported statements about the rate of retreat of Himalayan glaciers in the Working Group II
contribution to the IPCC’s Report on Climate Change 2007 37 were corrected by peers within the
scientific community, and it remains a fact that the glaciers are in retreat. Finally, as noted later
in this chapter, the cold winters of 2009/10 and 2010/11 in Scotland, northwest Europe and
north-eastern USA, which rekindled doubts about the science case, occurred while the Arctic,
and indeed the rest of the world, experienced warmer than usual temperatures.
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IPCC, 2007, Climate Change 2007: Contribution of Working Group II: Impacts, Adaptation and Vulnerability, Cambridge University Press, Cambridge, UK.
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The conclusion to be drawn from the science is that the rise in atmospheric CO2 to unprecedented
levels in human experience presents risks for the human world. The strongest conclusion with
minimal uncertainty is that the rise in CO2 will cause global warming and that it is related to
human activity. Further conclusions such as the rate of change, the probability or otherwise of
breaching a threshold of abrupt change, and the way climate change will play out on a regional
scale, involve greater uncertainty. The nub of the problem is that science has made good progress
in understanding how the climate system works and in identifying the complexity of factors
that are involved. However, science is not yet able to predict the future behaviour of a complex
and chaotic system like the Earth’s climate at a regional level with sufficient confidence and
resolution to be convincing to wider society. A further problem is that, whereas the science case is
persuasive at a global scale, individuals are influenced by climate and weather at the local scale,
where the models are least certain. Both these difficulties need to be borne in mind in discussion
about the causes of climate change.

Recent trends in the climate of Scotland
In general, Scotland’s weather is warm and temperate and avoids the extremes of hot or cold and
wet or dry found in many other parts of the world. This is not to say that over short periods of
days or even weeks, Scotland does not often suffer from extremes (as evidenced by prolonged
cold spells in the winters of 2009 and 2010), but over time these average out to give a mean
temperature of 4–90C and a mean annual rainfall of between 600 and 3000 mm.
Scotland’s mid-latitude and maritime location means that its climate has been subject to recent
latitudinal warming trends and changes in rainfall, reflecting the frequency with which rainbearing storms are driven in from the Atlantic31. One of the key determinants of Scotland’s
weather day-by-day is the difference in atmospheric pressure between Iceland and the Azores.
When this is strong, a westerly circulation tends to dominate (often with increased rainfall in the
west). But when this pressure difference is weak, high pressure often builds over Europe and
Scotland experiences colder and drier conditions. During the last 40 years or so, this pressure
difference (called the North Atlantic Oscillation) steadily increased from the early 1960s and
peaked in the early 1990s, since when it has steadily declined to slightly above average in 2004.
The trends in precipitation 1961–2004 mirror these changes in atmospheric circulation.
Climate comprises the long-term average of daily and weekly weather. Since weather is highly
variable, it is often difficult to separate out climate change from natural variability. The most
recent and authoritative attempt to characterise the trends in Scotland’s climate is A handbook of
climate trends across Scotland 38, in part updated by The climate of the UK and recent trends 39 and
Marine and coastal projections 40, both outputs of the UK Climate Change Projections (2009)
programme. Recent trends within Scotland’s climate must, of course, be seen in relation to
planet-wide patterns in which global temperatures have risen by 0.8 0 C since the late 19th
Century and sea levels have risen by 1.8 mm per year since 1961 and by around 3 mm per year
since 199331.
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Barnett, C., Hossell, J., Perry, M., Procter C. and Hughes G., 2006, A handbook of climate trends across Scotland, SNIFFER project CC03,
Scotland and Northern Ireland Forum for Environmental Research.
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Jenkins, G., Perry M. and Prior M., 2008, The climate of the United Kingdom and recent trends, Met Office Hadley Centre, Exeter, UK.
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Credibility of climate change science
Since 1914, Scottish regional temperature has broadly followed global trends, with an increase in
the first half of the century followed by a decrease in the 1950s and 60s, followed by a steady
increase to 2004 (Fig. 3.4). Throughout this period, West Scotland41 has been consistently milder
than the other two regions, but all three regions report marked year-on-year variation. The
trends become more complex when broken down by season and by region, with East Scotland’s
average temperature rising from approximately 6.70C to 7.50C and West Scotland’s from 7.80C to
8.30C over the period 1914–2004 (Table 3.1). These statistics back up the significance of the rising
temperature trends revealed by 30-year moving averages in all three regions in the period
1961-2004 (Fig. 3.4). Analysis of the longer average annual temperature record for Scotland for
the period 1800–200639 confirms the above findings and emphasises the significance of the
upward trend since the early 1970s.
1914 – 2004
North
East
Scotland Scotland

1961 – 2004

West
Scotland

Scotland

North
Scotland

East
Scotland

West
Scotland

Scotland

Spring

0.59

0.83

0.66

0.69

1.03

1.23

1.20

1.14

Summer

0.50

0.59

0.43

0.51

1.06

1.12

1.08

1.08

Autumn

0.46

0.85

0.68

0.64

0.64

0.68

0.66

0.66

Winter

0.02

0.45

0.33

0.24

1.03

1.39

1.31

1.22

Annual

0.37

0.66

0.51

0.50

0.92

1.08

1.04

1.00

Table 3.1
The changes in average temperature in °C 1914–2005 (left) and 1961–2004 (right). Values in bold show a 95% confidence (statistically)
that the change is part of a measurable trend Source: Barnett et al., 200638.

Figure 3.4
The average temperature (in °C)
each year for Scottish regions
1914–2004 with smoothed curves
showing a running average across
a record with marked year-on-year
variation. The vertical dashed line
marks 1961. Source: Barnett et al.,
200638.

An important consequence of these increases in annual temperature has been the lengthening of
the growing season across Scotland by 33 days38, which is already impacting on agriculture both
in terms of choice of crops and their seasonal management.

41

The partition of Scotland into West, East and North in terms of climate trends is depicted in Figure 3.10.
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Rainfall and snow
Scotland’s rainfall displays a strong spatial pattern, with the highest annual values locally
exceeding 3000 mm in the mountainous areas of the west and a rapid decrease to around
500–800 mm in the south and east (Fig. 3.5). The most remarkable rainfall trend since 1961 has
been the significant increase in winter rainfall of 68.9% in West Scotland and 21.1% for the whole
of Scotland (Table 3.2), equivalent in the latter to an increase of 240 mm of rainfall a year.
However, for summer rainfall, there has been little change apart from a slight increase in West
Scotland and a similar decrease in North Scotland (neither of which is significant).
Figure 3.5
Annual Rainfall Scotland: 1961–90.
Source: UK Meteorological Office.
©Crown Copyright, the Met Office.

Extending the record back to 1914 highlights the potential pitfalls of trend analysis applied to
short records (Fig. 3.6). As is evident from Table 3.2, many of the 1914–2004 trends are less wellestablished. In part, this reflects the high level of statistical significance specified42. Given this
qualification, the only significant long-term trends are the 19% reduction in summer rainfall in
East Scotland and the 22% increase in spring rainfall in West Scotland. The increases in winter
rainfall in both West and North Scotland, whilst still apparent, are much weaker than over the
period 1961–2004. The conclusion drawn by Barnett and his co-authors is suitably cautious – “It is
not possible to say definitively at this time whether there is a trend of long-term drying in east
Scotland and wetting over the rest of Scotland”43. However, these more equivocal trends over the
long term do not necessarily undermine the stronger trends over the period 1961-91. But they do
highlight the need to locate short-term trends within longer-term natural variability and for
care in selecting appropriate probability levels and the risks of getting the trends wrong.

42

The probability set by Barnett et al., 2006, is relatively high and implies a robust result (the likelihood of the trend not being present is only 1 in 20).
However, a probability level is a matter for personal judgment and if set at lower level (say 1 in 10) indicates a willingness to accept a higher risk of being wrong.
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Northern Ireland Forum for Environmental Research, 25.
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1914 – 2004
North
East
Scotland Scotland

1961 – 2004

West
Scotland

Scotland

North
Scotland

East
Scotland

West
Scotland

Scotland

Spring

13.9

6.1

22.0

14.3

16.2

9.4

17.3

14.8

Summer

-12.7

-18.9

-7.5

-12.7

-7.0

0.2

7.3

-0.6

Autumn

13.6

0.7

15.6

11.1

5.3

22.2

5.9

9.1

Winter

20.9

-0.8

9.0

11.6

36.5

36.5

61.3

58.3

Annual

9.6

-3.5

9.5

6.2

21.0

18.4

23.3

21.1

Table 3.2
Changes in average rainfall totals (as %) 1961–2004 and 1914–2004. Values in bold show a 95% confidence (statistically) that the change
is part of a measurable trend. Source: Barnett et al., 200638.

The strong increase in rainfall, especially pronounced in West and North Scotland from the
early 1960s to the early 1990s, mirrors the period during which the atmospheric pressure
difference between Iceland and the Azores was strongly positive, bringing frequent rain-bearing
storms from the Atlantic. The reduction in rainfall in these two regions since the early 1990s
reflects a change in the pressure difference bringing more rain-bearing winds from the north
and east, resulting in a small increase in rainfall to East Scotland (Fig. 3.6).

Figure 3.6
Rainfall total in mm for each year
for Scottish regions 1914–2002 with
smoothed curves to show a running
average across a record with marked
year-on-year variation. The vertical
dashed line marks 1961. Source:
Barnett, et al., 200638.

However, turning to changes in heavy rainfall (number of days with more than 10 mm) over
1961–2004, there has been a consistent and significant increase in the number of days with heavy
rainfall across all Scottish regions in the winter (Table 3.3). In particular for both north and west
Scotland there was an eight-day increase in days of heavy winter rain associated with years with
high winter rainfall. The spatial pattern in changes in the number of heavy rainfall days is
broadly similar to that for total rainfall across Scotland (Fig. 3.5) with a strong west–east gradient
in the winter months.
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North Scotland

East Scotland

West Scotland

Scotland

Spring

1.8

1.0

1.6

1.5

Summer

-1.4

-0.5

0.9

-0.4

Autumn

-0.2

2.3

0.1

0.7

Winter

8.3

3.5

8.2

6.7

Annual

8.2

6.2

10.6

8.3

Table 3.3
Changes in days of heavy rain (equal to or more than 10 mm) in days, 1961–2004. Values in bold show a 95% confidence (statistically)
that the change is part of a measurable trend. Source: Barnett et al., 200638.

The number of days of snow cover has reduced in all seasons and across the whole of Scotland
during the 20th Century, significantly so for North and West Scotland38. But set against this
overall decline is a marked year-on-year variation, with extremes of 72 and 12 days of snow cover
(1962/3 and 1991/2 respectively) in East Scotland. The winter decreases of more than 25% are
equivalent to the loss of seven snow days. Significant decreases in spring and autumn point to a
reduction in the length of the snow season.
Cold winters across Europe
The severe cold spells in the winters of 2005/6, 2009/10 and 2010/11 appear to add weight to the
arguments of the climate sceptics and contradict the summary of recent trends in temperature
and snowfall. But Figure 3.7 shows how the cold spell in December 2010 took place at a time
when Greenland and the eastern Canadian Arctic were unusually warm. This reflected a
particular configuration of the jet stream which resulted in strong easterly and northerly
airflows bringing below-freezing temperatures to much of northern Europe. The important
point to bear in mind is that this occurred when NASA44 reported that 2010 tied with 2005 as
globally the warmest years on record. Thus the recent cold winters across Europe do not conflict
with global warming, but rather point to the importance of regional variability.

Figure 3.7
Temperature anomalies in the Northern
Hemisphere for 3–10 December 2010.
Source: NASA, 201045.
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NASA Goddard Institute for Space Studies. http://data.giss.nasa.gov/gistemp/
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http://earthobservatory.nasa.gov/NaturalHazards/view.php?id=47880
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Wind and Gales
These weather phenomena are only reported for a small number of places, and the resultant data
are less representative than temperature and rainfall. With these reservations, there has been a
weak trend of decreasing average wind speed over the last 40 years for Leuchars and Tiree and an
increase for Lerwick38. Unlike the findings for wind speed, there are no clear trends in terms of
the number of days with gales. This lack of trend is confirmed in a decadal analysis of storminess
around the UK. Whereas the 1920s and 1990s recorded more than 12 severe storms per decade,
this was reduced to less than eight severe storms in all the intervening decades39.
Summary
The key findings in terms of recent trends in Scotland’s climate are:
• increase in average temperature since 1914 of 0.50C, with North Scotland warming
at a slower rate;

• average spring, summer and winter temperatures increased by more than 10C since 1961;
• the whole of Scotland wetter since 1961 with North and West Scotland recording increases
of around 60% in average winter rainfall;

• average summer rainfall little changed since 1961, apart from North and West Scotland
where up to a 45% reduction in some areas;

• frequency of heavy rainfalls increased since 1961, especially in North and West Scotland;
• snow season shortened since 1961, especially in north and west Scotland, number of days
with frost reduced by 25% and growing season lengthened;

• average wind speed slightly declined since 1957 for inland sites and increased in island sites;
• no clear trend in number of days with gales since 1957, and the high frequency of severe storms
in the 1990s not consistent with earlier decades until similarly high frequency in the 1920s.
As already noted, climate data vary markedly year-on-year and decade-on-decade, making it
difficult to separate out long-term change from natural variation. On the one hand, short-term
trends (such as the marked recent increase in rainfall in West Scotland) are already having an
impact on society in terms of changing flood risk. But on the other hand, natural variation and
the incidence of high and low extremes must be taken into account alongside trends and moving
averages. Each time a temperature or rainfall record is broken, it reminds us of what is physically
possible in terms of Scotland’s weather; and in terms of a risk assessment, due regard should be
given to such extremes.

Recent trends in sea level rise
Global sea-level rise in the 20th Century has been around 1.8 mm per year since 1961, increasing to
around 3.1 mm per year since 199246. In Scotland this has been moderated by the continued uplift
of the land surface following the melting of the last icesheet 10,000 years ago – an effect which is
strongest around Loch Lomond and Rannoch Moor and weakest in the Outer and Northern Isles
and the Solway Firth40. Current estimates of recent sea-level change around Scotland are 1.2 mm
per year (Aberdeen) and 2.2 mm per year (Stornoway)47. These values are higher than those
reported elsewhere48 and reflect a recent downward revision of the contribution of continued land
surface uplift. The Aberdeen record is long enough to sub-divide it into a period of minimal
change from 1946 to 1980, followed by 2 mm per year thereafter, giving an overall average of 1.2
mm per year. Trends derived from other Scottish tidal gauges are more difficult to assess because
records are too short or have too many gaps. These rates of recent sea-level rise are much lower than
those reported for southern England and imply a lower level of coastal flood risk in Scotland 49.
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In addition to the tidal cycle, water levels around the coast can also be affected by surges (initiated
by storms), which can produce significant increases in water level at the head of an estuary, and
by wave height. There is no evidence over the recent past that surges have become more frequent
or that wave heights have increased as a result of changes in storminess48.

Future climates
The most recent predictions of what Scotland’s climate might look like later this century can be
found in UK Climate Change Projections 50. This is based on the latest global circulation models
developed by the Meteorological Office’s Hadley Centre for three emission scenarios and across
three time periods spanning the 21st Century. For the first time, the forecasts are probabilistic in
nature, enabling users to specify the degree of probablility they wish to adopt in selecting a
forecast. This places the risk assessment in the hands of end users of the forecast. As with previous
models of this kind, it is important to understand that each of the emission scenarios is a potential
future and not a prediction. It is also important to note that the global circulation models upon
which these forecasts are based cannot provide definitive estimates of future climate, especially at
a regional level – hence the decision to report the findings in terms of subjective probabilities.
This branch of climate science is still relatively young and, whilst the direction of change is likely
to be accurate, the precise value attached to any forecast is subject to considerable uncertainty.
UK Climate Change Projections is a highly interactive web-site from which the user can customise
future climate projections, mostly across a 25-km grid for the whole of the UK. The three
emissions scenarios (low, medium and high) can be projected forwards to the 2020s, 2050s and
2080s for a wide range of climate variables, and across probabilities of occurrence ranging from
10% (‘very unlikely to be less than’) through 50% (central estimate) up to 90% (‘very unlikely to be
greater than’). All of these variables relate to climate at the yearly, seasonal or daily rate. Sub-daily
estimates can also be obtained via a Weather Generator also available from the UK Climate Change
Projections web-site.
Temperature, rainfall, wind speed and snow fall
Figure 3.8 provides an illustration of the outputs from UK Climate Change Projections for Scotland
in terms of mean seasonal rainfall and mean seasonal temperature across all three probabilities
under the Medium emissions scenario for the 2080s. The central estimate for mean winter
temperature is +20C for the whole of Scotland and +30C for summer temperatures across most of
Scotland except the far north. For most of Scotland, the central estimate for winter rainfall is +010%, rising to +10-20% along the coasts, but up to -10% in the central Grampians. In the summer,
rainfall is generally up to -10% and in a few places at least -20%. Predictions at the 10% (‘very
unlikely to be less than’) and 90% (‘very unlikely to be more than’) levels can also be derived from
the maps flanking the central estimate and report the much wider range of values which have
been modelled.

50

UKCP09 www.ukcip.org.uk.
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Figure 3.8
10%, 50% and 90% probability levels
of changes to the average daily mean
temperature (°C) of the winter (first
row) and summer (second row) and
mean rainfall (mm) in winter (third row)
and summer (fourth row) by the 2080s
under the Medium emissions scenario.
Source: Jenkins et al., 2009 51.
© UK Climate Projections, 2009.
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Jenkins, G. J., Murphy, J. M., Sexton, D. S., Lowe, J. A., Jones, P., and Kilsby, C. G., 2009, UK Climate Projections: Briefing report.
Met Office Hadley Centre, Exeter, UK.
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Especially of note is the change in direction of summer rainfall at the 90% level – an increase of
+10%, contrasting with a decrease of -10% at the 50% probability level. In sum, by the 2080s,
Scotland is set on average to become much wetter in the winters (especially in western coastal
areas) slightly drier in the summers and warmer by +20C in the winter and +30C in the summer.
But in any risk assessment, due regard should also be given to the 10% and 90% probability levels
which capture some of the uncertainty associated with these predictions.
Other climatic variables with especially significant impacts include maximum summer daily
temperature, winter wind speed and snow fall. Maximum daily summer temperatures by the
2080s, under the Medium emissions scenario, are very unlikely to be less than +1.50C (10%) and
very unlikely to be more than +70C (90%). Winter wind speed is predicted to fall slightly when
compared with 1961–90: counter to the recent trend of a slight increase for inland sites. Snow
fall is predicted to fall dramatically by more than 60% across the whole of Scotland and by more
than 80% across most of Scotland. This accelerates the recent trend of a steady reduction in snow
fall but, as recent winters have demonstrated, should not rule out individual years with markedly
higher snow falls.
Future sea levels
The Marine and coastal projections report40 within UK Climate Change Projections provides the most
recent predictions of changes in sea-level, surge heights and wave heights during the 21st Century.
In terms of sea-level rise by 2095, the latest estimate for the whole of the UK based on the
Medium emissions scenario is shown in Figure 3.9, with Scotland reporting much lower values
than the rest of the UK as a result of continued uplift of the land. The lowest predicted sea-level
rise of around 20–25 cm is at the centre of an ellipse centred over Rannoch Moor (close to the
area of maximum uplift). Moving out from this centre point, the Clyde estuary reports values of
25–30 cm, increasing to 30–35 cm for Inverness, Aberdeen, Edinburgh and Dumfries and to
40–45 cm for the Outer Hebrides and the Orkney Isles. Shetland, far removed from continued
uplift of the land surface, reports the highest predicted sea-level rise for Scotland at 50–55 cm,
close to values for much of the rest of the UK. Operating outside this suite of models, and in
response to user demand, the Marine and coastal projections report also includes an H++ model
based on the worst-case predictions of ice sheet melting (mainly Greenland) in the 21st Century,
which predicts sea level rise in the range 80–190 cm. However, this prediction is currently seen as
extremely unlikely.
Modelling future surge risk in the Marine and coastal projections report suggests only a slight
increase, well within the range of natural variability. Future wave energy and wave height may
increase in spring and autumn, but still water levels could decline in winter resulting in lower
wave heights near the coast. Given minimal change in surge behaviour and wave heights, the
dominant determinant for future coastal flood risk in Scotland will be sea-level rise.
The Scottish Climate Change Impacts Partnership also provides regional projections of
temperature and rainfall (Fig. 3.10) from which it can be seen that mean temperatures and mean
winter rainfall increases will be highest in the west and mean summer rainfall decreases highest in
the east. But as with other projections, due regard must also be given to the associated uncertainties
at the 10% and 90% probability levels.
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Figure 3.9
Relative sea level change (cm) around
the UK by 2095 based on absolute sea
level change, adjusted for vertical land
movement under the Medium emission
scenario. Source: Lowe et al., 200940.
© UK Climate Projections, 2009.

Figure 3.10
Regional estimates of future temperature and rainfall across Scotland 2050 under the medium emissions scenario.
10% probability (very unlikely to be less than), mean (50% probability – central value), 90% probability
(very unlikely to be more than). Source: SCCIP, 2010 52.
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Based on Scottish Climate Change Impacts Partnership, 2010, Adapting to Climate Change: A Guide to Business, Figure 2.2.
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In general, the projections in UK Climate Change Projections (2009) amplify the existing trends noted
earlier. In particular, the projection for wetter winters and an increase in the frequency and
intensity of rainfall confirms the short-term trend since 1961. Although it would be unwise to
attribute any individual rainfall event and associated flooding to climate change, the recent
increased frequency of such events is consistent with climate change models.
Despite the associated uncertainties surrounding these climate models, the projections (Fig. 3.8) need
to be taken seriously in any robust risk assessment. For the first time, the projections are probabilistic
and provide the end user with a choice of outputs. Stakeholders should use the full range of
projections provided and not default to the 50% probability level (comparable with the UK Climate
Change Projections published in 1998 and 2002). This is important, as extreme events can have an
impact out of all proportion to their frequency. Thus, farmers concerned about drought might
focus on 10% seasonal rainfall probabilities; whereas engineers concerned with flooding might use
the 90% probabilities. Each organisation making use of these projections should determine what
level of risk is appropriate for their activities and operations.

Potential impacts and consequences of climate change for key sectors
in Scotland’s economy, society and environment.
Climate change will have profound impacts on Scotland’s economy, its society and environment.
Although some of these impacts will be negative and costly, others will be positive and, if
appropriately harnessed, beneficial to Scotland. In the rest of this section, the potential impacts and
consequences for key sectors in Scotland’s economy, society and environment are outlined in
anticipation of detailed analysis of sector responses in later chapters.
The findings are largely derived from the draft findings of the UK Climate Change Risk
Assessment Scottish Workshop held in Glasgow in September 2010 – a contribution to the wider
UK Climate Change Risk Assessment due to report in a wider review in January 2012. Whilst a
major effort was made to ensure that the sector returns were broadly representative of the
stakeholders involved, the quality and quantity of responses varied markedly across sectors.
Furthermore, respondents may have overlooked the full range of probabilities provided in the new
UK Climate Change Projections. Inevitably missing in the analysis are future technological and social
adjustments which can convert a predicted negative impact into a positive opportunity. The
findings reported in Boxes 3.1 and 3.2 should be read with all these reservations in mind. Also, as
many respondents noted, it is extremely difficult simultaneously to take into account climate
change and other exogenous changes likely to impact on a sector many decades into the future and
this should also be borne in mind.
Here, only impacts relevant to Scotland are itemised and these have been restricted to those which
can be directly attributed to future climate change. Adaptation strategies designed to address specific
impacts are examined in detail in the following chapters.

Cross-sectoral general impacts
Impacts not covered by the above sectors mainly relate to opportunities and threats arising from
global climate and economic change. Opportunities will be generated in the tourism sector by
Scotland becoming climatically a more favoured destination, although this could be offset by the
degradation or loss of key facilities (e.g. coastal golf courses). Changing patterns of customer demand
(renewable energy, high-quality, well-insulated buildings, and resilient infrastructure) will provide
new opportunities for manufacturing, engineering and the built environment sectors. Changes in
crop production around the world will impact on Scotland’s pattern of overseas trade with some
opportunities for product substitution (e.g. selected food products). The increased incidence of
extreme events (floods, landslides and wild fires) will place extra demands on the emergency services
both in the planning and execution of their duty to protect human lives and to preserve Scotland’s
cultural and natural heritage. Although it is unlikely that the UK will see a major influx of
environmental refugees from around the world this century, the return of British emigrants from
areas suffering severe climatic stress is a potential threat. Whilst in the short term such in-migration
could enhance the current demographic profile of Scotland, if sustained in the longer term, the
resulting population could result in social stress and an unacceptable ecological footprint.
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Box 3.1 Potential impacts of climate change in Scotland 1
Agriculture
Positive changes within the agricultural sector include a lengthened growing season and increased
yields, plus an upward trend in the proportion of land capable of growing crops. But this could be offset
nationally by a greater prevalence in indigenous and exotic pests and diseases affecting both crops and
livestock; changes in seasonal livestock management as a result of water logging and flooding; and
higher soil erosion and leaching of soils, with decreased productivity and offsite impacts. Societal
impacts include the loss of particular landscapes and associated rural lifestyles (previously dependent
on livestock managers) and a greater reliance on human food supply from domestic producers.
Biodiversity
The impacts on biodiversity are generally negative. Most significant will be the inability of species
to track climate change as habitats evolve (some, such as alpine montane habitats may completely
disappear) resulting in a loss of key species and reduction in ecosystem services. Also nationally
important will be an increasing non-synchronicity between breeding cycles and food supplies and the
increased risk from pests and diseases. More localised impacts from severe droughts and increased
drying of soils in the summer will include a heightened risk of wild fires, changes in soil organic
carbon and damage to peatlands. Sea-level rise may result in the loss of machair habitat in the
Hebrides and more generally a reduction in the inter-tidal zone (eg grazing marshes for migrant
birds). A challenge for society will be the compromised status of existing protected areas (SSSIs, NNRs
SACs and SPAs) and the need to designate new sites in anticipation of habitat change.
Built environment
Increased temperatures will trigger a reduction in the demand for heating, otherwise the impacts are
largely negative, increased rainfall being a key driver in this sector. This will be most obvious via
increased flood damage to buildings (and especially the cultural heritage). Less obvious will be the
impact of coastal erosion on the cultural heritage and archaeological sites. More localised impacts at the
scale of individual buildings include water penetration (wind-driven rain), condensation, damp and
mould; all with implications for future building standard regulation. Societal impacts include a greater
demand for “green” and “blue” spaces for recreation in urban areas, especially during warmer summers.
Business, industry and services
A major concern for the business, industry and services sector is the risk of increased flooding from
overtopped rivers, sea-level rise and surges round the coast and failures in urban drainage. Collectively
these pose threats in terms of damage to fixed assets (especially coastal assets such as hotels and golf
courses) plus goods temporarily stored in warehouses (e.g. bonded whisky). Short-term impacts will
include increased disruption of the supply chain and delays in service delivery. The insurance and
re-insurance sector will recalibrate its flooding and storm damage portfolios, resulting in increased
costs for these products. A contrasting water-driven impact, especially in the summer, will be shortages
or increased costs caused by competing demands for water used in industrial processing. By contrast,
there will be new business opportunities and new markets for Scottish business and industry –
insulation of buildings and relocation of selected ICT users with high cooling costs.
Energy
Electricity and gas infrastructure located adjacent to rivers or along the coast will become increasingly
vulnerable to flooding. The electricity infrastructure could also be degraded by higher temperatures
affecting transmission capacity, further exacerbated by higher demands for cooling in the summer.
Other impacts are more difficult to assess, although an indirect consequence of climate change in
Scotland will be expanding commercial opportunities in renewables, (especially wind, marine and
hydro-power), carbon-capture and storage and off-shore engineering. In turn, these opportunities
will require major investment in training and education to ensure the availability of an
appropriately-skilled work force.
Flooding
All forms of flooding (river, coastal and surface water in urban areas) will result in increased damage
to residential and commercial properties, as well as to critical infrastructure. Locally this will make
flood insurance more expensive, more difficult to purchase and potentially result in planning blight.
More frequent high flows in rivers and more coastal storms will result in accelerated erosion and
localised transfer of sediment within river catchments and along shorelines. Other impacts of
increased flood risk have already been noted for the built environment and business, industry and
services sectors and transport.
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Box 3.2 Potential impacts of climate change in Scotland 2
Forestry
Overall, climate change will produce changes in the tree species that can be planted commercially.
This will be exacerbated by drought damage (during warmer and drier summers) and reduced
productivity and wind throw associated with increased water logging (during wetter winters).
The incidence of pest and diseases is predicted to increase further, impacting on productivity.
Health
The increased incidence of storms and floods will impact on the physical and mental health of
individuals (increases in mortality, injuries, gastroenteritis, depression, anxiety) and of communities
(damage to hospitals and nursing homes). Water-borne disease will become more prevalent, as will
allergic reactions to vector-borne diseases. Domestic dwellings will become more prone to
algal/fungal growth, resulting in a greater incidence of respiratory diseases.
Marine and Fisheries
Sea surface temperatures around Scotland will increase, with associated changes in the stratification
of ocean waters which will become more acidic. This, in turn, will cause changes in the introduction
of new marine species into Scottish waters and changes in the location of tradition fishery grounds.
Seasonal blooms of algae and jellyfish and the arrival of new disease hosts and pathogens will
accompany these changes, threatening the overall productivity of the marine ecosystem. In shallow
marine and near-shore zones, cultivated fisheries (especially salmonids) will be threatened and
shorelines physically damaged by rising sea-levels and storm surges.
Transport
The increased incidence of floods and landslides will have severe impacts on Scotland’s main arterial
road and rail networks. Landslides will provide the major threat in the uplands and floods in the
lowlands; with bridges and culverts often destroyed and roads and railway lines blocked by debris.
Where roads and railway lines run parallel and close to the coastline, landslides, erosion and flooding
will pose localised hazards. For local authorities these additional costs will be partly offset by reduced
expenditure on cold weather maintenance (ice and snow) and less disruption to transport systems
in the winter.
Water
Both water quality and water quantity will alter due to climate change. Flow regimes in rivers will
adjust, typically with higher flows in winter and lower flows in summer. This will result in higher
sediment loads in winter and higher dissolved loads in summer – both yielding an overall reduction
in water quality. More intense summer storms in urban areas will increase the frequency of sewer
flooding and spills from combined sewer-outflows, with locally severe water quality impacts. Major
droughts will reduce recharge of groundwater and impact on licensed abstractions for public water
supply, agriculture and industry. Increasing demand for water, especially in the summer, will stress
water supply systems.

Conclusion
This chapter has laid out the scientific case for taking climate change seriously, but has also stressed
the uncertainty attached to forecasts of possible future climates. Although this is likely to persist for
the foreseeable future, some model uncertainty has been captured in the probabilistic outputs of the
UK Climate Change Projections 2009. And, for the first time, this will enable stakeholders to make
more informed risk assessments than hitherto. Consensus on the most likely impacts of climate
change across Scotland is still fragile and a more robust methodology is needed to sharpen up
current findings. Despite this, it is likely that climate change will bring opportunities as well as
many challenges to Scottish society.
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CHAPTER 4 THE ECONOMICS OF A LOW-CARBON SOCIETY
Key findings
• Carbon taxes and pollution permits put a price on carbon and operate best in an unfettered
market. Policies for reducing emissions should focus on market mechanisms that permit
flexibility in response on the part of polluters.

• The cost of reducing emissions by one additional unit (e.g. one more tonne per year) varies
both within and across sectors. Understanding these different costs will allow quick wins to
be identified.

• Introducing additional targets is likely to increase the costs of achieving CO2 reduction
targets, by reducing the flexibility with which these targets can be met.

• Governments should introduce temporary subsidies to clean technologies to promote
emission reductions.

• Since it is not possible to predict future economic growth, emission levels or impacts
of climate change, major risks and uncertainties remain in determining costs and benefits
of mitigation and adaptation.

• In Scotland the benefits of adaptation can be realised more quickly than those for mitigation.
This chapter sets out some of the economic factors underpinning Scotland’s move to a low-carbon
society. Economics matters, since it addresses the costs of reducing greenhouse gas emissions, the
costs of climate change impacts, and the economic factors which motivate individuals’ behaviour
and the behaviour of businesses. All of these are important in understanding the barriers to meeting
targets and to successful adaptation, and in thinking about how these barriers can be lifted.
From an economics viewpoint, we ask three questions:
1.
How can Scotland’s mitigation targets best be met?
2.
How should Scotland adapt to the impacts of climate change?
3.
What are the incentives for behavioural change towards a low-carbon society?
We conclude by offering a series of recommendations to policy makers.

How can Scotland’s mitigation targets best be met?
The Scottish Government has set ambitious targets for reducing greenhouse gas emissions. These
include a 42% reduction by 2020 relative to 1990 levels and 80% of electrical energy from
renewables by 2020.
Economic theory
Economists have long argued that society can achieve emission targets at lower cost if some
allowance is made for the marginal abatement costs (MACs) varying across pollution sources. By
“marginal”, we mean the costs of reducing emissions by one additional unit (e.g. one more tonne
per year). Figure 4.1 illustrates the concept of marginal abatement curves. Major sources of
greenhouse gas emissions in Scotland are the energy supply sector, other industrial sources,
transport, agriculture and heating of people’s homes. Reducing emissions from the energy sector
would be very unlikely to cost the same, per additional tonne, as reducing emissions from
households. Moreover, the costs of reducing emissions vary within a particular sector, so that, for
example, reducing emissions is more costly for some businesses than for others, due to
differences in production activities. Thus we expect marginal abatement costs to vary both across
sectors and within sectors and some evidence on this for Scotland is presented later. For some
mitigation options, marginal abatement costs may be negative. For example, many instances
have been noted where businesses can both reduce carbon emissions and save money by investing
in energy efficiency. In answering the third question we note some reasons why such negative
cost options may not be taken up by businesses and households.
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Figure 4.1
Illustration of a Marginal Abatement Cost curve. MACs
vary both across sectors and within sectors and, in most
cases, costs of abatement will rise as emissions decrease
and targets become tougher.

Increasing Emissions

Why does this variation in marginal abatement costs across polluters matter? By re-allocating
abatement from high-cost sources to lower-cost sources, a given total emission reduction can be
achieved at lower total costs; or, put another way, a greater total emission reduction can be achieved
for a given total cost. The lowest cost way of achieving a given target reduction requires that marginal
abatement costs be equalised across sources 53 and it makes sense to opt for policies which can get close
to such outcomes. As targets become tougher over time, the costs of meeting targets can rise, and so
saving costs becomes even more important. But how can such a “least cost” outcome be achieved?
Market mechanisms, which include pollution taxes and tradeable pollution permits, have emerged
from economic theory as a potential means of achieving target pollution reductions at least cost.
These mechanisms work by incentivising polluters to reduce emissions up to the point where
marginal abatement costs are equal to the “price of pollution”. In a pollution tax system, this price is
equal to the tax rate. In a tradeable permit scheme, the price is equal to the current price of permits.
Hybrid schemes also exist54, whilst pollution reduction subsidies can also be considered as economic
instruments. The ability of businesses to set their own emission reduction levels relative to this
uniform price is key, since it encourages those with the lowest marginal abatement costs to
undertake the greatest degree of emission reductions. So long as the pollution tax rate is set high
enough, or the total supply of tradeable permits set low enough, then the target pollution reduction
is achieved – in theory, at least cost to the economy as a whole. Market mechanisms can also provide
greater incentives for businesses to innovate and invest in cleaner technologies than regulatory
alternatives which either specify what technologies must be adopted (e.g. house construction
standards) or how much emissions are permitted for certain activities (e.g. EU emission limits for
new cars). Evidence gathered from finance and industry during the Inquiry recognises the role
market mechanisms play in incentivising investment in low-carbon technologies and the additional
economic benefits this will bring to Scotland. Market mechanisms can be applied to any type of
polluter, including households. Thus, higher fuel prices provide incentives to reduce CO2 emissions
from driving, whilst per kg rubbish collection charges would reduce solid waste generation by
households.
The main benefit of carbon taxes and tradeable pollution permits is that they put a price on carbon.
Putting a price on pollution is vital to efficient public policy, since it provides an on-going incentive
to reduce carbon emissions in every sphere of economic activity. Market mechanisms can achieve a
given reduction in emissions at a lower cost to society than standards and regulations because they
provide greater flexibility in the means by which emissions are reduced, through setting such a price
on pollution. However, a carbon tax cannot guarantee a certain level of emissions and tradeable
pollution permits suffer from initial distributional consequences and price volatility, making
accurate estimation of the total cost of compliance difficult55. Furthermore, policy predictability is
essential, since to influence behaviour, investors and consumers must believe a given policy will be
maintained into the future53. Given these drawbacks it has been suggested that regulations are more
appropriate than market mechanisms because regulations provide certainty about emission levels54.
Regulations appeal because they provide clear guidance and reduce uncertainty for investors and are
preferable where informational barriers prevent businesses and households from responding to price
signals54 or when the carbon price is too low to have a significant effect53. However, regulations need
to be enforced, which is costly, whilst they impose excessive costs on society of meeting pollution
reduction targets. See Box 4.1 for further discussion of market mechanisms.
53
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The EU Emissions Trading Scheme (ETS) provides a good example of regulating emissions using a
market mechanism. But is important to understand the distinction between the ETS and non-ETS
sectors within the EU, and that there are limited opportunities for trading emissions control
responsibilities across these two sectors. It has been estimated that restricting trading between ETS
and non-ETS sectors raises the costs of meeting the EU’s 20% target reduction by 2020 by between
14% and 53%56. If no trading is allowed, costs rise by a further 40% over the period 2013–2020. These
results show the importance of allowing flexibility in emission reductions, the desirability of a single
(implicit) carbon price ruling throughout the EU and the importance of allowing as many emission
sources as feasible to take part in carbon trading, for cost savings to be maximised.

Box 4.1 Criticisms of market mechanisms
In addition to the limitations of market mechanisms outlined above, there are other
arguments against market mechanisms, many of which were highlighted during the Inquiry.
The main challenge of a carbon tax is implementing it at country level because of the impact
this might have on the international competitiveness of some sectors. For example, the road
haulage industry in the UK is already among the most taxed in Europe and additional
financial constraints would impact on their ability to operate competitively with their
European counterparts, challenging in particular the economic survival of smaller businesses.
Carbon taxes are also likely to impact on the agricultural sector which lacks the ability to raise
prices in response to higher costs. It was stated during the Inquiry that a tax which crosses
national and international borders is desirable. However, taxes encourage investment
in cleaner technologies which over time would be likely to limit negative impacts on
competitiveness. Carbon taxes also have distributional consequences, with poorer members
of society more likely to suffer because they spend a greater proportion
of their income on electricity and heating.
Tradeable pollution permit systems can mean greater administrative burdens for businesses.
This issue was raised during the Inquiry, with particular concern for smaller businesses who
may not have the staff resources to deal with additional bureaucratic hassle.

Governments are now making increased use of market mechanisms to control pollution57. For
air quality, evidence suggests that significant cost savings have been generated by such schemes,
relative to more regulatory approaches58. Transactions costs of trading 59 in pollution trading
schemes can significantly eat into potential cost savings, yet the EU ETS is still estimated to have
reduced the EU-wide costs of meeting Kyoto targets by 24–60% over a base case of equal
allocation of control responsibility. Despite recent challenges to the US sulphur trading scheme,
the scheme has been deemed a success, having reduced SO2 emissions by half during its lifetime
at a significantly lower cost than regulatory alternatives.
Actual choice across policy instruments is, however, more a matter of political expediency than
economic argument and one of the main reasons why the EU chose a cap-and-trade system for
CO2 control rather than a carbon tax60. Indeed, the lack of political will to attempt to control
energy use by imposing higher costs on local people is understandable. Industrial sources of
pollution have long been regulated, thus the setting up of a cap-and-trade system was relatively
straightforward. Imposing a carbon tax would have been more difficult politically. Policy options in
such sectors for mitigation thus tend to depend on voluntary participation in subsidy-based schemes
rather than cap-and-trade. During the Inquiry it was suggested that politicians need to work
together to make the unpopular choices that are necessary for transition to a low-carbon society.
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Multiple targets
Adding additional targets without adding additional policy mechanisms can increase the costs
of meeting carbon targets, by imposing restrictions on how these are met. Two examples are the
EU target of 20% penetration of renewable energy by 2020, and an EU aspiration for a 20%
improvement in energy efficiency by 2020. Introducing such additional constraints raises the costs
of meeting CO2 reduction targets substantially, by up to 90% over the “no renewable standard” case
for 2013–202055. However, there are possible off-setting benefits from a separate renewable target
if, for example, this is achieved by renewable portfolio standards (e.g. the requirement that at least
x% of electricity consumption is met from renewable sources). Such schemes are now common
world-wide, and can reduce carbon leakage associated with tradeable emission permit markets.
Carbon leakage can arise, for instance if EU consumption of carbon-intensive consumption goods
is met by production outwith the EU ETS area61.
Carbon reduction targets could be set in terms of the carbon embodied in consumption goods, rather
than the carbon involved in production (Fig 2.4). This would counter the leakage problem noted
above. However, such a move would impose considerable monitoring problems on regulators
(measuring the carbon flows in consumption), and might also logically lead to the imposition of
import taxes levied on the carbon content of goods. This would be unlikely to be popular with
developing and transition economies, and might well be counter to current WTO agreements. Evidence
collected during the Inquiry shows that some stakeholders view multiple targets as a barrier to
mitigation because having to comply with a variety of schemes makes the regulatory environment
more complex.

Encouraging cleaner technology
Directed technical change can reduce the costs of future cuts in greenhouse gas emissions by
gradually replacing “dirty” technology with “clean” (i.e. low-carbon) technology. Acemoglu (2010)62
has recently argued that such innovation results in two externalities: one is a reduction in pollution,
and the second is to make future innovations more profitable. This means that a government needs
to introduce two instruments: a carbon tax and an innovation subsidy. This needs to happen as soon
as possible due to rising costs of climate change and current over-investment in dirty technologies.
However, the innovation subsidy should be temporary, since as soon as clean technology establishes a
technical lead over dirty technology, businesses can be relied on to invest in further clean innovations
without the subsidy. The short-run cost of the technology subsidy will depend on the current gap
between clean and dirty technologies, whilst the magnitude of the optimal innovation subsidy
depends on the elasticity of substitution between clean and dirty technologies. Using a carbon tax
alone will mean higher costs over time, where such “innovation externalities” are present. Table 4.1
illustrates the range of costs of different forms of electricity generation. Box 4.2 reports evidence
presented during the Inquiry on the use of subsidies to promote cleaner technology.

Box 4.2 Use of subsidies to encourage cleaner technology – evidence from the Inquiry
The consensus view from the Inquiry is that subsidies are needed in order to kick-start parts of the
renewable energy industry because the economic benefits are not obvious or sufficiently certain in the
short run. This creates problems in raising funds for some renewable investments, particularly those in
newer technologies. However, it is cautioned that such subsidies need to reflect the long-term, wholesystem benefits and avoid creating perverse incentives that will distort the market.
A disincentive in the development of marine energy in particular is the lack of available insurance
for prototype recovery should new technologies not succeed at the testing stage. A possible solution
to this is public provision of such insurance. It is argued this would come at a relatively small cost to the
government and remove some of the risk involved in developing new technologies, hence encouraging
innovation.
Another view expressed by the public is that a heavily subsidised renewable energy industry might create
public resentment if public finances are not available to fund other local services like roads and schools.
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The UK Government is committed to supporting a more stable environment for investment in
low-carbon electricity generation63, arguing that, to encourage investment in renewable energy,
the electricity market must be reformed64. Reform proposals include carbon price support. The
electricity generation sector faces a carbon price through the EU ETS scheme. However the carbon
price has not been stable and reform of fuel duty and the climate change levy in relation to fossil
fuels used in the generation of electricity is proposed to provide greater support to the carbon price
and greater certainty regarding costs and benefits of alternative investments63. Carbon price
support increases the cost of fossil fuel generation relative to renewable energy generation, thus
incentivising investment in low-carbon technology63.

Energy Source

Average cost (p/kWh)

Gas fired plant 1

8

Coal fired plant 1

10.5

Onshore wind

1

9.4

Offshore wind

1

15.7 – 18.6

Offshore wave 2
Tidal stream
Nuclear 3

2

12 – 44 (with central estimates of 22 – 25)
9 – 18
7.12p central and 5.6p – 9.2p range.

Table 4.1 gives the most up-to-date estimates of the relative costs of electricity generation from conventional and renewable sources in the
UK. Sources of data:
1
DECC (2010), UK Electricity Generation Costs Update. 2Carbon Trust (2006) Future Marine Energy. Results of the Marine Energy Challenge:
Cost-competitiveness and growth of wave and tidal energy. 3 IEA/NEA (2010) Projected Costs of Generating Electricity 2010 Edition.

The carbon price used in policy appraisal, the shadow price of carbon, is distinct from that faced by
electricity producers. A new approach to carbon valuation was outlined in 2008–2009 by the
Department of Energy and Climate Change65 which has brought the shadow price of carbon more
in line with that faced by the electricity sector. This approach distinguishes between a ‘traded price
of carbon’ and a ‘non-traded price of carbon’ for use in the short term. The ‘traded price of carbon’
is based on estimates of the future price of EU emissions allowances and will be used in appraising
those policies that reduce/increase emissions in sectors covered by the EU ETS. The ‘non-traded
price of carbon’ is based on estimates of the marginal abatement cost required to meet specific
emission reduction targets and will be used in appraising those policies that reduce/increase
emissions in sectors not covered by the EU ETS. In the long term (i.e. from 2030 onwards), a single
traded price of carbon, based on estimates of future global carbon market prices, will be used65.
The short-term carbon values were revised in June 2010. The 2011 short-term traded price of
carbon is estimated at £14.3 per tonne CO2e, with a range of £7.4–£18.1, and the short-term nontraded price of carbon is estimated at £52.5 per tonne CO2e, with a range of £26.2–£78.7 66. In 2030,
the long-term traded price of carbon is estimated at £70 per tonne CO2e, with a range of £35–£105,
and in 2050, the long-term traded price of carbon is estimated at £200 per tonne CO2e, with a
range of £100–£30065.
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HM Treasury, 2010, Carbon Price Floor: support and certainty for low-carbon investment: consultation document
Department for Energy and Climate Change, 2010a, Electricity Market Reform: consultation document
DECC, 2009, Carbon Valuation in UK Policy Appraisal: A Revised Approach
DECC, 2010b, Updated Short Term Traded Carbon Values for UK Public Policy Appraisal.
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Summary
Other things being equal, policy design for reducing greenhouse gas emissions should focus on
market mechanisms that permit flexibility in response on the part of polluters, whether
households, local authorities or businesses. This is particularly important when differences in
marginal abatement costs across sources are large. Introducing additional targets is likely to
increase the costs of achieving CO2 reduction targets, by reducing the flexibility with which
these targets can be met. There may also be an important role for state under-writing of
investments in new low-carbon technologies, and providing temporary innovation subsidies for
new technologies.
Delivering reductions in greenhouse gas emissions
In terms of delivering reductions in emissions, two challenges arise: are differences in MACs
sufficiently large and do current policies promote cost-effective responses?
Current marginal abatement costs
Two questions arise:

• What estimates of marginal abatement costs (MACs) are available for the main
economic sectors?

• Do these show potential for cost-savings from the flexible policies itemised above?
In terms of the first question, the evidence is patchy, both in terms of control options and sectors
(Table 4.2). Point estimates exist for some sectors/control options, but few data exist on MAC
functions. In general, MACs rise for a given sector as the degree of emission reductions increases
(Fig. 4.1). However, MAC curves for any sector will shift as technology changes and the shape of
future MAC curves is also important, but we know even less about this.
Sector

Costs per tonne
CO2 eq.

Comments

Industry

£14

Current (October 2007) EU ETS price.

Housing

Negative

Based on UK wide data

Transport

Not known

No Scottish research available

Renewables

£11–£49

Depends on whether on- or off-shore wind
and whether replaces coal or gas

Agriculture

£10

Can deliver up to 1 Mt/yr.,
but based on US/EU data

Forestry

£4–£12

Assumes additionality

Table 4.2
Estimates of relative abatement costs for Scottish sectors. Source: Hanley, 2007 67. This demonstrates that (i) costs varied substantially
across and within sectors; (ii) there were important gaps in the data (e.g. transport sector); (iii) relatively low-cost options seemed to exist in
the land use sectors; (iv) for housing, measures were available to cut emissions that reduce costs; and (v) cutting CO2 by investing in some
forms of wind energy was a relatively expensive way of reducing emissions.

Since 2007, some new data have become available. Progress has been patchy, but includes:

• New UK data for agriculture (Scottish Agricultural College, 2008) with cost saving options
(Figure 4.2)

• New UK forestry data with cost effectiveness depending on the types of forest and yield class
(Figure 4.3)
67

Hanley, N., 2007, The Economics of Climate Change Policy in Scotland. Hume Occasional Paper No. 73.
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Figure 4.2
Marginal Abatement Cost curve for UK farming. Source: SAC 200868. Key below.
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Scottish Agricultural College, 2008, UK Marginal Abatement Cost Curves for the Agriculture and Land Use, Land-Use Change and Forestry Sectors
out to 2022, with Qualitative Analysis of Options to 2050. Final report to Committee on Climate Change.
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Figure 4.3
Costs of reducing net emissions by forest planting. Source: Forestry Commission 200969.

More recently, the Scottish Government has issued a listing of mitigation options 70 which might
meet the target of reducing Scotland’s emissions by 42% by 2020. Their projections show that
current policies will only achieve a 38% reduction relative to 1990 by this date, and thus that new
policies and emission reduction options are needed. These cost figures are considered to be
“indicative and preliminary”. The figures omit electricity generation on the grounds that
emissions from this sector will be measured by allocated emission permits, rather than actual
emissions, and because the Scottish Government feels that sufficient mechanisms are in place in
the electricity sector to achieve (a different) target in terms of renewable penetration.
For some options in transport, waste, housing and other sectors, estimates are given in terms of
cost-effectiveness (£/tCO2e reduced). However, many of the options considered are not costed (for
example, waste). There is still much missing data on costs. Some illustrative options are shown
below in Table 4.3.
We are unclear about the data behind Table 4.3 which only records averages and does not show
how costs might alter as emissions change. It is also unclear whether offsetting benefits have been
included, but the data do show the variability in positive marginal cost options and reveals some
cost-saving options, most notably in energy efficiency, speed limits and farming. Thus a market
mechanism-based scheme could deliver large cost savings and, in practice, we know that many
schemes overlap with co-benefits: incentives for renewable energy generation, landfill taxes,
EU-ETS prices, agricultural policies and fuel taxation to name a few.
Option

Possible degree of
abatement (ktCO2e) in 2020

Cost-effectiveness
(£/tCO2e reduced)

Energy efficiency schemes
Reduce 70mph speed limit to 60mph
Encourage freight efficiencies
Active traffic management
Cycling and walking infrastructure investments
Rail investments incl. high speed link to England
Grant funding of anaerobic digesters for farms
to process animal wastes
“farming for a better climate” advice campaign
Increase woodland planting to 15,000 ha./yr.

319
35
109
10
104
10

-155 to -80
-119
-89
1194
345
55,818

16
319
454

21
-117
20

Table 4.3 Sample information from Scottish Government costing of mitigation options, 201070.
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Forestry Commission, 2009, Combating climate change – a role for UK forests, London, TSO.
Scottish Government, 2010, Low Carbon Scotland: the Draft Report on Proposals and Policies
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Are current policies efficient?
The imposition of a carbon tax and any changes in the EU-ETS scheme are both outwith the
powers of the Scottish Government and many incentives which impact on behaviour (such as
fuel taxes) are set at UK levels. Furthermore, as SEPA reported to the Inquiry, although they are
responsible for regulating the emissions of businesses and organisations, they have little or no
power to enforce any reductions. Given limited evidence on the wide range of marginal
abatement costs across Scotland, current policy imposes excessive costs in terms of how cheaply
targets could be achieved. This is due to a piecemeal approach, multiple targets and the low level
of use of economic instruments.
Setting annual targets for CO2 reductions clearly increases the costs of meeting a 2020 or 2050
target, since it imposes restrictions on the trajectory of emission reductions, which is unlikely to
be consistent with the least-cost path. As technology embodied in the economy evolves (through
carbon-intensive technology depreciating and being replaced by less carbon-intensive
technology) and the structure of the economy changes, and as technological options for
mitigation improve, the costs of emission reduction falls over time. This suggests a “start shallow,
finish deep” strategy for minimising the costs of emission reductions. Scottish Government
officials could, of course, seek to recognise this in determining the trajectory of annual targets.
But this line of argument could also be used as a justification for doing nothing now.
However, this discussion does not reflect what is happening to the marginal damage costs of
current-period emissions as the stock of greenhouse gases rises over time. As emissions increase,
the stock of greenhouse gases in the atmosphere increases, with each additional unit imposing
greater damage at the margin than previous emissions. This favours earlier mitigation.
Furthermore, the delay of mitigation efforts could lead to investments that lock in more carbonintensive technologies, which limits the possibility of achieving lower stabilisation levels in the
future and intensifies the risks associated with climate change55.
As part of climate policy, Scotland subsidises the expansion of renewable energy capacity in order
to reach renewable targets. A frequently heard argument is that such subsidies can lead to longterm job creation by creating a new industrial export base. But subsidising renewable
manufacturing capacity development in Scotland only makes sense in terms of developing an
industrial base in renewable production if Scotland can impose trade barriers. Otherwise,
businesses will always import turbines from the cheapest source world-wide. For example,
current expansion of wind energy in Texas is being achieved with turbines manufactured in
China. However, whilst it is true that without trade barriers wind turbines will most likely be
purchased from abroad, there still exists considerable potential for job creation in the area of
maintenance of renewable energy infrastructure, or in the production of jackets for off-shore
turbines. Furthermore, business areas other than technology could generate high value in the
renewable energy sector, including design, systems integration and marketing. In addition, the
transition to electric cars will require an infrastructure of charging points throughout the
country, which offers further potential for job creation.

How should Scotland adapt to the impacts of climate change?
Chapter 3 outlined some potential impacts of climate change across Scotland. Here we examine
economic theory underpinning adaptation policy.
“Adaptation” is deliberate investment which reduces the costs or increases the benefits of climate
change. In the language of IPCC (2007)55, it includes actions which “reduce harm or exploit
opportunities”. Adaptation actions might involve preventing losses (e.g. by investing in new flood
defences), spreading losses (e.g. through insurance), changing activities (e.g. altering what crops are
grown), changing locations of activities and restoring damages. Adaptation measures might include
so-called “soft” measures such as improving planning procedures, or improving the efficiency with
which resources are currently allocated for example by proper pricing of water resources.
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Popular attention has recently been focused on the likely global costs of adaptation to climate
change by publication of the World Bank’s 2010 assessment for a range of case study countries71.
This put the global costs of adaptation (for 20C of warming up to 2050) at around $70–100 billion
per year for developing countries compared with an earlier UNCCC, 2007 estimate of $27–66
billion (but only up to 2030). The OECD estimates that the Indian subcontinent and sub-Saharan
Africa will shoulder the greatest adaptation costs (in % GDP terms), followed by low and middle
income countries and Western Europe. In contrast, Japan, the US and China will have the lowest
adaptation costs. It is important to note that studies on the likely costs of adaptation are in their
infancy. Estimates of the costs of adaptation are fraught with difficulty and should be treated with
caution, because accurate estimates require knowledge on future climate change and its likely
impacts on the economy, the environment and responses to it, all of which are difficult to predict67.
Economic analysis of adaptation investments suggests:

• Some adaptation will happen due to market forces: people and businesses anticipate future
costs or benefits, and take actions which maximise their expected profits or expected utility.

• However, the degree of adaptation occurring in this way will be less than the socially optimal
amount of adaptation. This is due to market failure (e.g. for some ecosystem services),
government intervention in existing markets, constraints on ability to adapt (for example due
to capital constraints, or information deficiencies), differences in risk perception and the costs
of risk bearing between public and private sectors; and the partial failure of insurance markets,
since risks of climate change may be correlated across parties.

• As adaptation investments are costly (e.g. re-locating transport links, building new flood
defences), an individual investment should be undertaken only up to the point where the
marginal benefits of reductions in expected damages are equal to the marginal costs of investment.

• Benefits (pay-offs) from adaptation are uncertain, since the impacts of climate change are
uncertain and future prices not known. This suggests the need for “robust” adaptation strategies
which offer net benefits in a wide range of circumstances.

• The impacts of climate change are inter-generational, but future generations are not
represented in current climate change policy decisions. In the economic theory of welfare,
increases in current consumption are worth more than increases in future consumption, i.e.
future consumption is discounted. The rate at which future consumption is discounted is
crucial for calculating the expected costs and benefits associated with adaptation, and there
is no clear agreement on what the correct rate of discount should be for public policy appraisal.

• The expected benefits of adaptation are likely to be significant if we get it right. Scotland
captures much of the benefits of its own investments in adaptation; this is in stark contrast to
how much of the benefits of investments in mitigation accrue to the country. This is because
Scotland’s national emissions are a tiny share of global emissions, yet Scotland is affected by
changes in global greenhouse gas levels.

• Timescales for a return on investments in mitigation and adaptation differ. Scotland will
capture much of the benefit of adaptation investments in the short term and at the local level.
But the expected benefits of mitigation investments are only likely to accrue over the long term.

• Reducing global poverty is a key means of adaptation, since poverty increases people’s exposure
to climate change damages by reducing their ability to “self-protect”. A further implication
is that as countries get richer, the relative costs of climate change to them fall 72.
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For example, health costs related to climate change are exacerbated by poverty: “In the health sector analysis, allowing for development reduces the number
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What are the incentives for behavioural change towards a low-carbon society?
Action on climate change depends on people altering their behaviour; whether they are the
managers of transport businesses, building companies deciding where to build new homes,
commuters travelling to work, or families deciding how to heat their houses. Much of the evidence
submitted during the Inquiry recognises that changing behaviours is a key obstacle to tackling
climate change. Economics has developed standard theoretical understandings of what motivates
the behaviour of individuals and businesses, although some of these “standard theories” are now
being amended due to insights from behavioural economics.
Traditionally, prices are seen as the main incentives guiding behaviour. Thus, in thinking about
how to encourage people to move away from using cars to travel to work and towards using public
transport, an economist thinks first about changing the relative prices of these two options, by
introducing higher car parking fees or subsidising bus fares, or by introducing road pricing.
Similarly, if we want to encourage businesses to reduce carbon emissions, we think first about
increasing the price of energy, or of subsidising low-carbon energy alternatives whilst taxing highcarbon options. There is good evidence that prices do, indeed, matter for decision making73. For
example, prices are among the most important factors determining households’ willingness to
invest in more energy efficient appliances (such as fridge freezers74). So it is important that the
market rewards energy efficiency improvements in order to encourage more widespread uptake of
energy efficient strategies. But other factors also drive behaviour. Below, we briefly review these
factors, and comment on which of these could be seen as “barriers” to behaviour change in Scotland,
in terms of both mitigation and adaptation.

Businesses
Businesses use energy and generate greenhouse gases in many ways. What determines their
decisions over how much and what energy to use, and how much to invest in energy saving?

• In combining energy with other business inputs (labour, capital and materials), the optimal
mix for a given level of output depends on their productivity and their relative prices.
As energy increases in price relative to other factors, it will be partially substituted for.
Moreover, as energy prices rise, businesses may change their decisions over how much
output to produce. Changes in productivity of inputs can also change how energy is used.
For example, a rise in energy efficiency will induce businesses to increase their use of
energy75, possibly leading to a “rebound” or “backfire” effect from efficiency
improvements, as shown in Chapter 8.5.

• Businesses evaluate the attractiveness of investments in energy efficiency by considering the
net present value (NPV) of such investments, i.e. the difference between discounted benefits
and costs over time. Investments with a positive NPV would be expected to be undertaken.
However, we know that there are examples of positive NPV investments in energy
efficiency which businesses do not take up. Why might this be?
Possible explanations are:

• Gaps in businesses’ information regarding options and their likely future costs and benefits.
Evidence from SMEs, local authorities and individuals, indicates a lack of understanding
regarding the bewildering variety and complexity of adaptation and mitigation options
available. The information provided is often conflicting and product labelling insufficient
at the point of purchase.
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• There appears to be lack of financial incentive to undertake investment in energy efficiency.
Businesses are primarily focused on short-term economic benefits and costs and so
investment spending is biased in favour of current growth, rather than cost-saving measures
that will accrue in the future. In particular, if energy costs are small relative to total costs,
managers may rationally choose to defer consideration of energy saving options.

• Scarce managerial resources lead to an allocation of management effort to decisions over
inputs which account for the largest share of costs. It was noted during the Inquiry that
small businesses in particular may lack managerial resources and expertise in the area
of carbon management and energy efficiency.

• Competing budgetary priorities mean operational requirements are often prioritised above
carbon management. This issue was highlighted during the Inquiry particularly in the
context of local authorities. Furthermore, when compared to other legislation affecting
business, carbon management is not always deemed a top priority.

• Capital constraints arising from imperfect capital markets. Businesses may be unable to raise
funds for initial investment costs even in projects with a positive NPV. This may be
particularly true where revenues from such investments are distant in time. The one-off
capital cost of installation was frequently cited during the Inquiry as a barrier to
undertaking energy efficiency projects. This recognition is coupled with a strong belief
that government ought to provide the initial finance required for investment in carbon
reduction schemes, because of the lack of clear economic benefits in the short run.
Suggestions for government-led incentives include loans for energy efficiency projects
and renewable technology for businesses. The Scottish Government’s “Green Bus” scheme,
which provides up-front assistance with capital costs for purchasing low-carbon buses, is a
response to this type of problem. However, decreasing budgets at all levels of government
make public funding problematic, meaning that much of the finance will have to come
from the private sector.

• There may also be issues of economies of scale in energy efficiency. Many SMEs may find it
unattractive or difficult to realise the potential savings in energy use which larger businesses
would be able to realise. This suggests a niche for energy saving specialist businesses which
could identify and then undertake energy efficiency saving investments on a revenuesharing basis (i.e. sharing the benefits of energy savings realised over time) on behalf of
SMEs. Such specialists would derive a greater pay-off from investments in learning about
energy efficiency than would SMEs in isolation.
In some sectors, learning by example may be an important means of information provision. For
example, demonstration farms have long been seen as an effective means of promoting
technological advancements in the agricultural sector. The same thinking applies to low-carbon
farming in the future.
Households
Households contribute to greenhouse gas emissions through their decisions on travel to work,
home heating and consumption. Again, prices matter: as oil prices rise, people find ways to
reduce their petrol or diesel purchases for driving, or turn down their central heating
thermostats. However, research shows that many other factors matter to the impact households
have on net emissions, pointing to potential barriers to changes in behaviour. These issues are
taken up in Chapter 5, where we contrast different approaches to understanding behaviour.
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• As with businesses, information matters. Acquiring new information is costly (e.g. in terms
of time), and has uncertain pay-offs. Improving information flows to households on how
they can reduce carbon emissions may be effective in changing behaviour. There is evidence
of considerable ignorance amongst UK households of the costs and benefits of possible
home energy efficiency improvements, and a lack of understanding of appliance rating
schemes75. It was frequently reported throughout the Inquiry that the public lacks
information and understanding on the full range of energy saving options and their relative
advantages and disadvantages. Awareness raising on the options available and their net
benefits over time is very effective in encouraging uptake74. The Inquiry sees an important
role for government and the energy industry in raising awareness and providing
information to the public regarding the environmental and economic benefits associated
with investing in renewable energy and reducing emissions. Another issue that appeared
during the Inquiry concerns the confusion people feel regarding the variety of different
energy saving options available.

• Appropriate and accurate information on energy consumption at the household level is
crucial, with studies in Norway and Finland showing that information on domestic
electricity consumption can decrease demand. The Inquiry revealed that information on
the carbon content of electricity would help emissions reduction planning (i.e. the
government needs to place a monetary value on carbon consumption at the household level,
detailing the costs of various choices within the home). For example, if one puts a television
on standby instead of switching it off completely how much extra will this cost per year?
As most people are cost conscious, this information can encourage people to change
their behaviour.

• People also acquire information from the actions of others: the 2006 Oxera study showed
that recommendations from family and friends were important predictors of intended
up-take of loft insulation and cavity wall insulation74.

• Investing in new energy-efficient technology imposes costs, since such investments are
irreversible – consumers cannot change their minds once a new, more efficient boiler
comes along if they have just purchased what was previously a market leader in efficiency
terms. This means an optimal strategy can be to postpone purchasing decisions even when it
would appear rational to go ahead and invest today76.

• Information acquisition is but one form of transaction cost: others include the “nuisance
costs” of having cavity wall insulation installed. Again, disruption of home life during
installation is an important predictor of uptake of home insulation schemes. The
development of a range of cost-effective technologies that can be installed with little
disruption is crucial for widespread uptake. It was also noted that some people have rejected
free installation of insulation in their homes.

• Oxera (2006)74 also found that up-front costs were an order of magnitude more important
than the value of future energy savings in evaluating people’s choices. For some households,
energy saving is too costly. This emphasises the role that investment subsidies (partly or
wholly offsetting upfront costs) can play in improving uptake. Some respondents urged that
the labour and materials for installing draught-proofing and insulation should be free to all
households and funded through an increase in council tax. Other suggestions include
rationing devices which allow for the possibility of personal carbon trading certificates.
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Recommendations
At the UK and international level, it is important that a higher price for carbon is established,
through greater use of carbon taxes and tradeable pollution permits. Furthermore, it is crucial that
this policy is projected into the future with certainty, so that businesses and households incorporate
confident estimates of future carbon price trends into their decisions. It is also important that a
target stabilisation level for emissions is determined, as priorities for action depend on the desired
level of stabilisation.
For Scotland the following priorities for action by policy makers have been identified:

• encourage energy efficiency uptake among businesses and households through improved
information and subsidy schemes;

• promote investment in clean technology through temporary innovation subsidies: Scotland
could reap economic benefits in the future from job creation and the export potential of green
technologies;

• encourage adaptation: this is an important component of climate change policy in Scotland
because the benefits of adaptation will be felt in the short term and at the local level;

• allow a more flexible response to mitigation by widening the scope of those involved in carbon
trading (to include forestry, transport and agricultural sectors);

• undertake more research into marginal abatement costs across sources in Scotland in order to
exploit the cost-saving mitigation options implied by differing marginal abatement costs.
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CHAPTER 5 SOCIETY AND A LOW-CARBON FUTURE
Key findings
• Although there is increased understanding of the risks to future social prosperity of our
fossil fuel energy infrastructure, and we have set ambitious targets for change, limited
practical progress has been made in reducing domestic emissions. This is due to the social
and cultural values, beliefs and practices, which result in climate change being seen as a
‘back of the mind’ issue.

• Current behaviour change policy treats society as a series of individuals, each responding
rationally to market incentives to maximise short-term personal gain. Hence the stress on
influencing (nudging) consumer choice towards desired outcomes. The Inquiry Committee
sees dangers in relying on such an approach, which at best will only achieve very gradual
change.

• An alternative model treats society as comprising historically evolving, dynamic social
systems and cultures that are capable of dealing with transformational change, when there
is a shared understanding of the reasons for acting. From this perspective, society can
implement step changes in behaviour through collaborative action in the interests of the
longer-term common good. Political momentum can be gathered for new legislative and/or
taxation measures, as for example in the case of the strong programme for tobacco taxation
and no smoking legislation in Scotland, and UK legislation on seat belts.

• The 2011 Scottish Government programme for changing behaviour presents an opportunity.
By focusing on infrastructures, the built environment, and local economic activity, rather
than on individual attitudes, government investment can have far greater impact.

• We need a distinctively Scottish narrative for a low-carbon society, which creates
momentum for transition through shared understanding of the risks of climate change,
and its meanings for social life, cultures, economic relationships and values.

Introduction
Society’s reliance on energy from fossil fuels has a very short history; it is a matter of some 200
years since the Industrial Revolution, powered initially by coal, transformed human life and
living standards. Yet now almost every aspect of production and consumption in the more
affluent parts of the world is fundamentally dependent on fossil fuels77 for electricity, heat,
transport, food and water. In the face of climate change and associated environmental
degradation, the solution is to find a means of dismantling human dependence on fossil fuels,
and enabling transition to a low-carbon society.
Climate change challenges our assumptions about progress, wealth creation and status, all of
which have depended on increasing exploitation of natural resources. European, UK and Scottish
commitments to cut emissions radically, and enable transition to a low-carbon society, will
affect everyone:
‘We will need to radically reduce demand for energy and decarbonise the energy we use in our
homes almost totally by 2050... All households will need to play a part in this’ 78.
In the current UK and Scottish policy models, individuals and households are regarded as
responsible for around half of current UK territorial emissions, with domestic heating and
electricity estimated to be 25% of the total, and private transport accounting for a further 24%79.
The Scottish Climate Change Delivery Plan (2009) sets 2020 targets for a 40% reduction (from 2006
levels) in emissions from energy use in housing, and around 30% reduction in emissions from
private transport. Meeting the early reductions set by carbon budgets in Scotland in the next
decade therefore depends on significant changes in household consumption patterns.
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This chapter considers not only how society may be affected, but also examines what meanings
society gives to climate science, how this shapes the science, and the potential implications for
social action. These questions are important because the interactions of society will influence the
ways that climate change unfolds. If we are able to act constructively to mitigate climate change,
then we should suffer fewer damaging consequences and be better equipped to adapt.
The chapter draws on evidence from academic, policy and practitioner literature, as well as
statements and submissions to the Inquiry, and quantitative data from the Scottish
Environmental Attitudes and Behaviours Survey 2008 (SEABS08). The latter is used as a way to
examine current public attitudes to climate change and to government policies aimed at changing
behaviour with respect to household consumption, energy use, waste and transport. The policy
framework is illustrated through analysis of current UK and Scottish Government strategies for
behaviour change, and the emphasis on gradual change.

Society influences climate science
Science itself is not conducted outside society and social understandings. Cultural perspectives
and political values influence the priorities of science, its interpretation and how we respond to
it. Much of the public attention on climate science has focused on political controversy about the
reality of human-induced climate change. This has shaped scientific priorities and evidence in
ways that understate, rather than overstate, the risks80. Society’s influence over science has resulted
in a representation of climate change as ‘reassuringly gradual’ in rate and scale, implying that there
is no need for radical policy measures or drastic changes to our patterns of consumption.
Scientists make assumptions about what scientific conclusions can be managed by politicians and
policy makers, and what is palatable for the public. Thus the public meanings of climate science,
and “the climate problem”, and the type of society which is supposedly informed by the science,
are already shaped by the science and its framing. There is an element of the self-fulfilling
prophecy at work, such that the cautious framing of the science acts to confirm assumptions that
the public and our elected politicians are unwilling or unable to take informed democratic
responsibility for acting on the human risks entailed in the range of possible futures.

Can Scottish society manage the transition?
Scotland has considerable financial, educational, technical and operational resources to bring to
bear on mitigating, and adapting to, climate change, but these do not inevitably translate into
effective action. The UK, for example, has made limited progress so far in relation to planned
interventions to reduce emissions, despite policy dating back at least to the 1997 Kyoto Protocol:
the territorial emissions account shows a decline of 15–16%81, but reductions prior to 2002 are
attributable to industry closures and off-shoring of energy-intensive manufacturing. Emissions
increased after 2002, and decreased only with the onset of recession. Measures of the ‘carbon
footprint’ of UK consumption show emissions increasing by around 19% since 199082, and
suggest that per capita emissions are around twice the level reported in the territorial account.
The same holds true in relation to adaptation: in principle, we have sufficient knowledge and
capacity to adapt to current experiences such as heat waves, for example, yet these continue to
result in raised mortality and disruption to infrastructure in European, North American and
East Asian cities. In the UK, recent floods, causing major disruptions in cities such as Hull,
Liverpool and Glasgow, have prompted recognition of vulnerability associated with outdated
drainage and sewage infrastructures, but adequate financial investment in dealing with a
potential higher frequency of extreme rainfall and flooding remains uncertain83.
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Part of the explanation for limited action lies not in the absence of available knowledge,
technology or finance, but in the social, political and cultural values, beliefs and practices,
which reflect diverse views about the state of the world and varied interpretations of the
importance of climate change relative to other public issues. This chapter compares two
different understandings of how society works, emphasising contrasting models of social
values and associated practices and their implications for enabling transition to a low-carbon
future. How we understand society influences how we regard climate change, and how
solutions to it are envisaged.
A common understanding of society is that it consists only of separate individuals, each of whom
is primarily a consumer seeking to maximise personal benefit at least cost. This understanding
underlies the deregulated market-driven economy in which we have lived since the early 1980s.
It shapes government policy which focuses on changing individual behaviour as a means of
reducing carbon emissions. From this perspective, barriers to change reside with individual
consumer attitudes and behaviours. Each of us is regarded as having a natural and unlimited
desire to consume more, whether represented in faster cars, international travel, electronic
artefacts or designer clothes.
An alternative understanding treats society as more than the sum of individual actors, and as
structured by complex institutions which reflect historical norms, beliefs and values. Such
institutions are the result of human interaction and influence on each other, shared interests,
and cooperation as well as competition in pursuing diverse goals. Social practices, such as
tourism, car driving, fashions in clothing, diet and the production of waste, result from the
combination of material culture, equipment, markets, and social conventions. Cultural
traditions, for example, influence how energy is used, the relative energy intensity of
households, what is considered comfortable in heating and cooling, and even the preferred
temperatures of food and drink. We cannot account for activities entailing the use of energy,
food, or other resources unless we situate those activities in their social context. How people act
depends on what is socially valued as desirable, or prestigious, or comfortable, given constraints
of established commitments, debts and responsibilities.
From this perspective, the self-interested consumer is a product of society rather than the
inevitable expression of human nature. Through the production of particular kinds of
knowledge, wealth and specialised divisions of labour, modern industrialised societies, like
Scotland, have enabled the potential for many forms of individual freedom and choice.
Contemporary urban life and relationships are designed to incentivise high levels of
consumption and conspicuous waste, which are critical to the economic performance of the
affluent economies. Barriers to change reside with the institutions of society, societal values,
and understanding of what is ‘normal’, valued or expected within that society. Human-kind
and self identities in this sense are malleable; we adapt to circumstances.

Evidence about social attitudes and behaviour relating to climate change
Contemporary attitudes, understandings and behaviour in relation to environmental issues and
climate change in the UK have been surveyed systematically since 2006, and the evidence
consistently highlights a number of problems to be faced in transition towards a low-carbon
society.
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One of the most basic problems is limited, and weakly established, public understanding about the
causes of climate change, its impacts and possible remedies. Although public awareness about
climate change is increasing, this is typically accompanied by confusion about its causes and
consequences, the status of the science and the intentions of government 84, 85, 86. Levels of
knowledge claimed vary, with the Defra (2009) tracker survey of attitudes and behaviours87
showing that 61% claim to know a lot or a fair amount about climate change, in comparison
with 53% of respondents to the 2009 ONS (omnibus) Opinions survey88 and 48% of Scottish
respondents (SEABS0889).
Expressions of concern about climate change tend to be higher: the UK Office for National
Statistics (ONS) annual Opinions (Omnibus) survey (2009) found that 76% of the public were very
or fairly concerned, although this had decreased slightly since 2006. In Scotland in 2008, 85%
disagreed that ‘climate change will only have an impact on other countries, there is no need for
me to worry’, although fewer (57%) agreed that climate change is an immediate and urgent
problem84. The design of survey instruments itself reflects assumptions about urban living,
relatively disconnected from the natural resources of land, forests, rivers and oceans, and there is a
general lack of information about public attitudes to low-carbon approaches to farming,
agriculture, fisheries and land use.
Claims to general knowledge and concern are not reflected in clear understanding of causes and
impacts of climate change, with limited awareness of the contribution of different activities to
carbon emissions. Defra’s commissioned synthesis of evidence on public understanding shows the
patchy understanding of the relationship between routine consumption and greenhouse gas
emissions, with all participants in five independent projects on public understanding of
sustainable behaviours having ‘a poor understanding of the relative impact of different
behaviours on the environment’ 90. Various forms of superstitious behaviour were evident, with
assumptions for example that a ‘pro-environment’ daily routine such as recycling waste is a
legitimate way to offset occasional high impact behaviours such as international air travel.
Energy use itself, although a common matter of concern because of price, is not necessarily
connected with climate change: ‘A little more than a third (36%) of respondents said they thought
that climate change was caused by energy use’ 87. Relatively low awareness of energy efficiency
and energy saving is also common: less than half of SEABS0884 respondents, for example, knew
the efficiency rating of recently-bought electrical appliances such as fridges, freezers and washing
machines. The majority (55% of electricity users and 58% of gas users) estimated that they were
using the same amount of electricity and gas as in the previous year, and among the 21% who
estimated that they were using less, only 16% of electricity users and 13% of gas users cited
environmental concerns as the reason.
Routine reliance on car travel even for short distances is very common in Scotland, such that 44%
of car users living within a mile of their workplace drove to work. Neither does concern about the
environment translate into less car use87. Indeed unrestricted car use is widely accepted: even
among those SEABS08 respondents who regarded the environment as a salient issue, 45–48%
agreed that ‘people should be allowed to use their cars as much as they like’, and this was even
higher (57%) among those for whom environmental issues were not salient.
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Overall confusion about climate change, its connection to carbon emissions and how to reduce
them, plus the fact that over half (52%) of the Scottish sample (in comparison with 40% of the
English sample) claimed to know ‘not very much’ or nothing at all about climate change,
including one quarter of those educated to degree level and 59% of women, highlights the
continuing need for accessible public education about climate change, its implications for ways of
life, and the associated energy, transport and housing policies for low-carbon energy and energy
demand reduction.
Knowledge and understanding are not however sufficient in themselves to prompt change. How
we interpret knowledge depends on personal and societal values and priorities, and experience
amongst other factors. Perceptions of the urgency of risks from climate change, and the need to
take action, differ for example depending on the source of information, and the degree of trust in
its veracity. Popular media are frequently regarded as ‘scaremongering’ and sensationalist, and
therefore as untrustworthy85. Low levels of trust in government also mean that information from
government sources may be viewed suspiciously or ignored. Annual National Statistics Opinions
(Omnibus) surveys (2006–2009) of adults in Britain show that around 15% of the population trust
the government as a key source of information91. In addition the proportion of respondents not
trusting any sources has increased significantly from 6% in 2006 to 12% in 2009 92.
Media publicity about the practice of climate science, surrounding the 2009 release of emails from
the University of East Anglia Climate Research Unit, may have damaged general levels of trust in
scientists, but independent scientists generally command higher levels of trust than government,
business or media. In SEABS08, independent scientists were the group most likely to be trusted to
provide correct information (cited by 45% of respondents). People also distinguish between groups
of scientists, with government scientists cited by far fewer (9%) as most trusted. Overall, low trust in
all sources of information may be variously associated with scepticism about the reality of climate
change, its consequences or its seriousness, and the likely effectiveness of mitigation.
Even when information about the significance and risks of climate change is trusted, there is no
necessary link to changes in behaviour. This may be for a variety of reasons, not least that people
often prioritise risks according to personal significance. Hence, although general concern about
climate change is relatively high, it is not an immediate priority for most people. Among the
population of Scotland, neither is it typically perceived as of immediate societal or political
importance. In SEABS08, when asked about the important issues facing Scotland or the world,
12% of respondents mention environmental issues spontaneously as important for Scotland, and
27% mention them as important for the world (Table 5.1). Issues relating to the economy, crime
and the Scottish constitution ranked higher; and in the context of the world, international
conflict and economy were regarded as most important84. Climate change is more likely to be a
back-of-the-mind issue.
Salience of environment as an important issue
Mention the environment as the single most important issue facing Scotland

4

Mention the environment as one of the most important issues facing Scotland

8

Mention the environment as the single most important issue facing the world

14

Mention the environment as one of the most important issues facing the world

13

Do not mention the environment at all

61

Base

3,054

Table 5.1. Salience of environment as an important issue. Source SEABS088484.
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Responsibility for climate change and its mitigation may in addition be attributed elsewhere,
perhaps to governments, industries or other countries. In Scotland, slightly less than half (48%)
relate climate change to their own lifestyle, while around one third distance themselves from
responsibility: 35% agree with the statement ‘I don’t believe my behaviour and everyday lifestyle
contribute to climate change’, and a further 17% adopt a neutral position. The belief that personal
behaviour does not contribute is somewhat higher in Scotland than England, where 28% of
respondents to the Defra 2009 survey did not regard their own behaviour as a contributor93.
Overall, evidence from attitude surveys shows that awareness, knowledge and a sense of urgency,
are necessary, but not sufficient, conditions for change. Short-term considerations of practicality,
convenience and cost, in combining work, domestic life, travel and transport, food shopping and
social life, typically dominate over concerns about environmental degradation and climate
change, which are simultaneously regarded as more remote, and as matters of such scale that they
are not amenable to solution by families and households. Without thorough-going public
engagement, therefore, capacity for transition to a low-carbon society will be extremely limited.
Policies aimed at changing attitudes, and behaviour, relating to climate change will be designed
according to the view policy makers hold of society. Where government considers society to be
merely a series of self-interested individuals, policy will be designed to influence individual
behaviour through a slow and gradual approach. If, however, society is recognised to be the
complex sum of its traditions, culture, institutions and values then it is though addressing societal
norms that the behaviour of all those within that society can be changed. These two models of
society are considered in detail below.

Model 1. Behaviour change in a society of rationally self-interested individuals
In the context of a model of society comprised of rationally self-interested individuals,
interacting in a self-regulating market, the main policy response is to rely on influencing
individual choice through micro-economic and social marketing techniques to promote proenvironmental choices.
Defra’s Pro-Environmental Behaviours Framework (2008)94 is the most systematic guide to current
government models for influencing behaviour, and is being adapted for use in Scotland. The
objectives are to identify ‘behaviours which will have an impact on carbon savings’, and to
uncover ‘mechanisms for stimulating, facilitating and supporting behavioural change at
individual and household level’ 95. The development of the Framework reflects the belief that
‘behaviour goals’ and ‘“propositions” (linking population segmentation, to behaviours, to a range
of possible interventions) can be identified and addressed through social marketing techniques96.
Behavioural economics theory97 is a recent influence on such attempts to ‘nudge’ individual
choice, in the absence of political will to regulate markets through structural means. Techniques
such as identifying ‘behavioural entry points’ or ‘wedge behaviours’ from focus group and survey
data, are used to promote initial changes. An expressed willingness to reduce household energy
use has, for example, been translated into a programme for persuading people to turn down
central heating thermostats by one degree centigrade. Further interventions might include new
product labelling and incentives. Desired changes are positively promoted to encourage choices
designated as pro-environment, while alternatives are discouraged through penalties or ‘choice
editing’. In environmental governance, the latter aims to make the ‘default choice’ (of holiday,
car, electrical products etc) the least environmentally damaging.
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The resulting Framework uses evidence from government surveys of environmental attitudes and
behaviour to delineate 12 ‘headline behaviour goals’ categorised under three areas of consumption:
1. personal transport (use more efficient vehicles; use car less for short trips; avoid unnecessary
flights);
2. homes (energy – install insulation; better energy management; install microgeneration),
(waste – increase recycling; waste less food) and (water – more responsible water usage) and
3. eco-products (buy energy efficient products; eat more food that is locally in season; adopt
lower impact diet).
Population segmentation and profiling are in turn used to propose interventions likely to be
effective for different groups. ‘Positive greens’, ‘concerned consumers’ and ‘sideline supporters’, for
example, are seen as likely to respond to ‘interventions that enable and engage… by tackling
external barriers (such as information, facilities and infrastructure...) and engaging through
communications, community action, targeting individual opinion leaders’94. ‘Stalled starters’ and
the ‘honestly disengaged’ are seen as least susceptible to influence, and as requiring ‘interventions
that enable and encourage, for example choice editing in product availability or, where necessary,
regulation’94.
The results of this approach, with its complexity, detail and refinements, are, however, very
conservative. Attitudinal data, not surprisingly, provide no evidence of ‘appetite for radical
lifestyle change’94, resulting in cautious interventions which ‘fit within people’s current lifestyle,
even if one might aim for more fundamental shifts over the longer term’ (p.18). The resulting
small steps approach has focused so far on reducing waste within the parameters of current
consumption, while removing barriers to ‘pro-environmental choices’. Current social marketing
messages, for example, promote the use of low-energy light-bulbs, or driving less, or wasting less
food, as well as offering incentives for loft and cavity wall insulation. Some people do respond to
marketing messages and individual incentives to save energy, or buy a smaller car, but the
problem is that such incentives offer limited gains if we are serious about a step change in
reducing emissions and transition to a low-carbon society.
How successful is this model of behaviour change?
Under this model, where society is made up of rationally self-interested individuals, the absence
of changes in behaviour in response to general concern about climate change is seen to limit the
scope for political leadership and decisive action. Resulting measures are not only very limited,
but frequently self-evident, and may, in fact, embed existing practices more strongly, rather than
disrupting them, undermining the transition to a low-carbon, energy-efficient, zero-waste
society. The small steps model may suggest to a sceptical public that, if minor changes are all that
is needed, then there is little point in paying attention. Advocating a minor change in driving
habits, such as that advocated under the Act on CO2 campaign to persuade drivers to drive five
miles (eight kilometres) less a week, for example, might work to confirm the perceived longterm viability of the combustion engine and private car dependence.
The model assumes that there is limited need for public understanding of the reasons for change.
Wasting less water is, for example, a behaviour change goal, which has been further broken
down into elements such as turning off the tap when brushing teeth, shaving or washing hands,
or taking a short shower rather than a bath. Defra’s (2009)98 survey of awareness of these
behaviour goals showed that people did not associate the ‘behaviours’ with concern about
environmental damage and water use, or with increased commitment to changing established
habits. Simply communicating the behaviour change targets without explaining why change is
needed may have some effect on elements of conduct, but is unlikely to prompt the wholesale,
sustained change that is needed.
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The behavioural model excludes questions about consumerism as a way of life, based on high levels
of energy and resource use and waste, and so restricts government to using what levers it can to
influence individual behaviour. Treating people as consumers, whose wellbeing depends on
material acquisition of an infinitely growing and diverse array of products and services, is not
commensurable with messages informing them that ‘normal consumption’ is damaging wellbeing.

Rather than encouraging a sense of internal responsibility for reducing carbon emissions, such a
behaviour change model allows us to compartmentalise responsibility. Only 8% of survey
respondents, for example, regard households as responsible for change99, and there is a common
belief that little can be achieved by personal change in habits. Engagement in disparate
‘behaviour goals’ such as driving less, or reducing energy use, is likely to produce a ‘wait and see’
calculation of what incentives might be offered in future.
The incremental model may also lead people to infer that climate change is a distant concern
which can be dealt with at an unspecified point in the future. The perceived gap between
government behaviour change campaigns and government economic policies, such as airport
expansion plans, is itself interpreted as evidence that the problem is not serious. As an example,
the individual behaviour change model applied as a means to solve increasing rates of obesity,
through ‘healthy choices’ and calorie-counting campaigns, has proved singularly ineffective.
The achievements of the behaviour change model are thus highly circumscribed, reliance on its
techniques means that public understanding of the significance of climate change for current
ways of life is likely to remain shallow.

Model 2. Society as complex institutions, cultural traditions and practices
embedded in social relations
Emphasising individualised self-interest as the basis for human values and social organisation
obscures the complexity and dynamism of modern social systems and cultures. These systems
have considerable capacity, both practical and material, for problems to be faced through
collective recognition of vulnerability, and understanding of mutual responsibility for social
change. In this model, society can implement step changes in behaviour through collaborative
action in the interests of the longer-term common good. Political momentum can be gathered
for bolder legislative and/or taxation measures, as in past examples of the strong programme
for tobacco control through taxation and no smoking legislation in Scotland, and in UK
legislation on seat belts.
This view of human life as more than the sum of individual self-interest is by no means absent
from government policy papers, government-funded research and policy consultations, but it
seems to be beyond the scope of what can be openly acknowledged in formal policy
commitments. Background papers informing policy provide a more complex analysis of the
social relations of consumption and its political-economic determinants, recognising the
significance of current economic infrastructures, work/life patterns and social norms, as well
as noting people’s desire to be sufficiently informed to act knowledgeably, and to be part of a
bigger social change with a meaningful impact. The Citizens’ Summit on Climate Change 100
highlighted the perceived lack of integrity in government, public scepticism and a sense of
disempowerment, and stressed the importance of building a shared (rather than individual)
responsibility for change.
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In policy-oriented events, understanding of the complexity of human behaviour is also evident.
The Scottish Government (2010) ‘Climate Change Behaviours’ programme, for example, has
reported on the ‘Ten Key Messages’ emerging from the conference on ‘what works in behaviour
change’. The significance of this is that, although ‘behaviour’ is referred to extensively, the word
‘individual’ does not appear. Moreover the reference to ‘levers’ of change is to integrated
structural changes, including provision of infrastructure and regulation, as central to
engagement. Government leadership, recognition of social norms, shared identities and shared
responsibility are all listed as requirements. The Scottish research programme is not due to be
completed until 2011. Alongside the Public Engagement Strategy, it is a significant opportunity
to build trust between government and public, through responsible community-level and
collective engagement. Given committed political leadership which demonstrates consistency
between government policies, budget priorities and actions, there is an opportunity to take
imaginative and bold action.

Conclusions and recommendations
The apparent ‘gap’ between increasing public concern about climate change on the one hand,
and a degree of inertia on the other, can be understood in the context of the concept of society as
a series of self-interested individuals, which is embedded in current policy on behaviour change.
But basing policy on this approach risks reinforcing inaction. Consumerism results in the debate
about climate change mitigation, and reducing energy use, being framed in terms of ‘self
sacrifice’ rather than in terms of the potentials for human wellbeing, freedom from fear, social
justice and shared responsibility to act. The current framing of debate about climate change
limits the scope for taking into account the benefits the move to a low-carbon society can bring
through more equitable sharing of financial and natural resources.
A collaborative, rather than an individualised, approach to changing public attitudes and
behaviour is more likely to be effective in bringing about change. It creates momentum, and
capacity, for transition through informed, substantive, public engagement in shared
articulation of the meanings of climate change, and associated environmental risks, for social
life, cultures, economic relationships and values. Moreover it opens the way to firm actions to
encourage the step changes that are necessary to achieve the government targets.
By focusing on infrastructures, the built environment, and local services, rather than on
individual attitudes, government can have far greater impact on the transition to a low-carbon
society. Government could make greater use of its powers in relation to energy efficiency,
transport and travel and planning, to introduce regulations and policies which work in an
integrated and cohesive way to reinforce desired changes. These need to be as clear and simple
as possible, and demonstrably fair in their application.
The 2011 Scottish programme for changing behaviour presents an opportunity to set in place a
new societal framing of the opportunities for sustainable ways of living and improved quality
of life. Change in public attitudes and behaviour will become more pronounced as a result of
prominent changes in the behaviour of government and public bodies, through publiclydemonstrated priorities and values.
The eventual policy statements need to incorporate a distinctively Scottish narrative for a lowcarbon society, which provides a basis for concerted public engagement. This needs to
acknowledge Scotland’s history, resources and identities, and explain the benefits of lowcarbon transition as well as the costs of business as usual. A narrative is part and parcel of a
consistent policy and regulatory framework for sustainable economic activity in relation to
energy efficiency, decentralised energy, renewables, planning, land use, agriculture, transport
and tourism, as well as education, social justice and welfare.
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CHAPTER 6 LAND USE AND A LOW-CARBON SOCIETY
Key findings
• Land use, soils and water offer opportunities to sequester carbon and mitigate the effects of climate
change by changing production systems and the management of soils, especially peatland.
• Actions on forestry, soil carbon and restoring peatlands each have the potential to reduce
emissions in 2020 by hundreds of thousands of tonnes.
• All actions to reduce emissions from land use have beneficial effects on ecosystem services –
if we can cut emissions we improve the environment.
• The cost of reducing emissions through land use change is low in relation to other means
of cutting emissions.
• The Scottish Land Use Strategy and the Ecosystem Approach it calls for, employing the concept
of ecosystem services, offers a way of balancing environmental, social and economic demands
on the land.

As noted in Chapter 3, Scotland’s land, soils, forests and waters are all likely to be significantly
altered by future climate change. Each of these components of the land-based environment offers
opportunities for mitigation and adaptation to climate change. The emerging new imperatives for
securing food, water and energy at a global level are equally important for Scotland, and interact
with the need for environmental security and dealing with climate change. In this chapter we
outline the current status of the land-based environment, and identify opportunities and challenges
in the shift to a low-carbon society. We also outline current threats to Scotland’s biodiversity and
assess the potential role of ecosystem services in land management.

Land use, soils and waters: current status
Land use – agriculture and forests
Land is under pressure. As more land is developed, that available for other uses is being reduced – in
particular agriculturally-productive land and the associated ecosystem services it provides. Scotland’s
population of 5.2 million in 2009 has increased by 1% since 1997 and is expected to increase to 5.54
million by 2031101. Over the period 1997–2004, the area of land taken into the built environment
averaged 1,200 ha y -1. This occurred at a time of relatively stable population102 and may be linked to
lifestyle changes (e.g. single occupancy) and other infra-structural development (e.g. over 1994–2007
road lengths increased from 52,346 to 55,089 km). Not only do developments seal most of the soil
they replace, they can also fragment land.
Facing up to climate change brings additional pressures
on land. Infrastructure for renewable energy projects,
such as on-shore wind farms utilise land. In August
2010 there were 1162 wind turbines already installed,
with 2,779 more planned and at different phases of the
planning process103. Assuming an average of 20 turbines
per km2, on-shore wind farms currently occupy ~58 km2
of land. While not all development is on greenfield sites
(55% of new house builds were on brownfield sites in
2007), some expansion will take place on greenfield sites
in response to net migration out of cities towards smaller
and more rural settlements. Historic settlements and their
expansion invariably coincide with the best agricultural
land and this will bring potential losses of food-producing
land, putting pressure on ecosystem services.
View across the town of North Berwick towards Dunbar on the east coast
of Scotland. There is competition for land use from building, agriculture,
conservation, recreation and industry (cement and nuclear power in the
background) © Patricia & Angus Macdonald / Aerographica / SNH

101 General Register Office for Scotland, 2009, Projected Population for Scotland (2008-based)
102 Towers et al., 2006 Scotland's Soil Resource – Current State and Threats, Environmental Research Report 2006/01
103 Scottish Renewables, 2010, www.scottishrenewables.com
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By contrast, evidence gathered in Glasgow from the Clyde Gateway and redevelopment of the East
End showed how brownfield developments can generate integrated solutions which offer energy
efficient housing and restoration of contaminated land, and reduce carbon footprints and create
amenities close to the heart of our cities.

Agriculture
Agricultural use of land covers about 60% of the land area. It is dominated by livestock systems
on enclosed or free-ranging land – typified by improved grasslands and rough grazings on
heather moor. Arable agriculture covers only 11.2% of the land area. There is an interdependency
between upland and lowland systems, with the latter used for fattening upland livestock and
growing lowland cereals and grass for feed and fodder for the livestock industry. Cereal crop
yields in Scotland have increased since 1960 without increasing the land area under cultivation.
About 50% of wheat and 33% of barley is used in distilling and malting, with significant
quantities (13.8% wheat, 64.2% barley between 2000–2008) used as livestock feed104.
The Land Capability for Agriculture (LCA) classification system is widely used by planners, land
managers and policy makers. LCA is based upon the physical constraints on land use: soils,
climate, topography and vegetation. The original guidelines and maps were published in the
early 1980s (Fig. 6.1), with the top classes (1, 2 & 3.1) identified as ‘prime land’ and having a
presumption against development in the planning system. As climate is a key component
determining the LCA class, a change in climate has significant implications for land capability
and therefore how we plan and manage land use. Climate is represented by metrics such as
accumulated temperature and soil moisture deficit that are closely associated with the viability
and productivity of crops or livestock. The LCA system therefore provides a way to consider
climate change along with the management options at local, regional and national scales.
Figure 6.1
Land Capability for Agriculture (1980s),
classification of Scotland’s land
© MLURI

104 DTZ, 2007 Scottish primary food and drink produce processed in Scotland. Edinburgh, DTZ.
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Forests
The current woodland in Scotland covers 1,342 kha – approximately 17% of the land area. The
Scottish Government has an ambitious target of increasing this to 25% by 2050, with a target
planting rate of 10–15 kha per year. This is ambitious, as planting rates have been declining for
some time and are well below this target rate (Fig. 6.2). In 2006, native species comprised 29% of
the total forest area and the Forestry Commission Scotland estate (predominantly spruce and
non-native conifers) and 35% of all woodlands. Just over 65% of woodlands are in private
ownership and 28% are managed under approved long-term forest plans.

Figure 6.2
The type and planting rates of trees in Scotland 1976–2010. The new planting and restocking figures come from Forestry Commission.
(FC = Forestry Commission; Non-FC = All other woodland, including some other publicly-owned woodland). Note the dramatic reduction
in planting rate following the removal of tax incentives in 1989. Source: Forestry Commission Woodland Statistics 2010

Soils
The diverse geology and climate of Scotland has given rise to a wide variety of soil types (Soil
Survey of Scotland, 1984105, Fig. 6.3). Variations in topography have caused further local-scale
variation in soil types associated with slope and landform. The strongly maritime climate with
cool temperatures, and rocks that are generally resistant to weathering, has resulted in soils that
are more organic, more leached and acidic and wetter than those of most other European
countries. There is a contrast between soil types in the Midland Valley (primarily mineral soils)
and those in the Highlands and Southern Uplands (primarily peaty soils).
Scotland’s soils are at the heart of the primary production industries of agriculture and forestry
(Fig. 6.3). Soils also deliver less tangible benefits by way of ecosystem services, for example by
storing and filtering water. Scotland’s soils hold 40 billion cubic metres of water in the top metre
when fully wet, which is more water than is in all the fresh water lochs. This ability to store
water helps prevent flooding. Soils also filter, transform and break down the hundreds of
different acidifying, potentially toxic elements and compounds that enter ecosystems from
polluted rain. Soils are also an important store of carbon. Even though Scotland is only one third
of the UK land mass, its soils contain ~3000 Mt of carbon (~50% of total UK soil carbon). The
peatlands are an especially large carbon store, accounting for 53% of the total and comprising
1,620 Mt Carbon106. The carbon stock reflects the depth of peat. Locally highly variable, a mean
peat depth across the country of 2m represents 3,000 – 9,000 years of accumulation.

105 Soil Survey of Scotland, 1984, Organization and methods of the 1:250 000 Soil Survey of Scotland, The Macaulay Institute for Soil Research, Aberdeen.
106 Chapman, S.J., Bell, J., Lilly, A., Donnelly, D., 2009, Carbon stocks in Scottish peatlands. Soil Use and Management 25, 105-112.
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Figure 6.3
Soils of Scotland, showing the large extent of peat, peaty gleys and peaty podzols, mainly in the uplands. © MLURI
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Waters
In SEPA’s inventory of water bodies, reported to the European Union under the Water
Framework Directive, there are 2,012 river, 309 loch, 284 groundwater, 40 estuary and 449
coastal water bodies within the Scottish River Basin District. Of these, 65% were classified in 2008
as having good or better status in terms of their ecology and water quality107 (Table 6.1).
Collectively these water bodies provide a crucial link between the land-based and marine-based
components of the carbon cycle.
Table 6.1. Status of surface waters in the Scotland River Basin District in 2008. Source: SEPA, 2009108.

Carbon released from the soil by tillage, forestry operations, disturbance and erosion is constantly
being transported via rivers and lochs to estuaries and coastal waters (Fig. 6.4). The current
estimate of around 2 Mt CO2e yr-1 transfer of land-based carbon to the marine environment is
based on SEPA’s monitoring of total organic carbon in rivers and lochs from catchments mainly
dominated by organic-rich soils and peatlands109. Over the last two decades, the concentrations
(3–10 mg l-1) and loads (10–100 g m-2 yr -1) of total organic carbon (TOC) in many of Scotland’s
rivers has roughly doubled (Fig. 6.4), reflecting increases in temperature and rainfall, with soils
being the most likely source.
By contrast, TOC in lochs appears to have decreased over the last five years. The environmental
impacts of these trends include a darkening of water colour, which increases treatment costs for
Scottish Water and reduces light and energy impacting on the flora in lochs. Increasing TOC
levels in water bodies may also reflect changes in the rate of exchange of CO2 and methane
between soils and the atmosphere, with consequent impacts on land-based carbon stocks. In
addition to the carbon in transit (in the water column) from land-based to marine-based stores,
significant amounts of carbon are locked up in sediments which have accumulated over years
and decades (streams or small ponds), and centuries and millennia in the case of larger water
bodies (reservoirs, lochs and estuaries).

107 The EU Water Framework Directive requires all water bodies to have achieved ‘good ecological status’ by 2015.
108 SEPA, 2009, The River Basin Management Plan for the Scottish river basin district 2009–2015, Summary.
109 SEPA ,2009, Trends in organic carbon in Scottish rivers and lochs.
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Figure 6.4
Trends in total organic carbon loading in Scottish rivers. Source: SEPA, 2009109

Opportunities and challenges in the shift to a low-carbon society
Land use, soils and waters are likely to be significantly altered by future climate change and this
is the focus of much work on adaptation. But they also play a crucial role in mitigating emissions,
as by skilful management they can be used as to sequester carbon on a large scale at relatively low
cost. Moreover the effect can be brought into play within a few years.
The Land Capability Assessment for Agriculture has recently been re-assessed using the UK Climate
Impacts Programme 2002 predictions of future climates. Large increases the areas of ‘prime land’
and ‘improved grassland’ in the uplands are anticipated (Fig. 6.5).
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Figure 6.5
Land Capability for Agriculture showing the predicted increase in the area of Prime Land (Class 1–3) and: improved grassland (Class 5) (a)
Early 1980s published map; (b) 2050s scenario (UKCIP02 Med-High) excluding soil-climate interactions. © MLURI

While caution must be exercised in interpreting these findings, it clearly shows there may be
new opportunities for agriculture, but also that habitats we currently value for biodiversity and
for storing carbon in their soils may be vulnerable to change even without a change in
management.
Land use – agriculture and forests
In 2007, agriculture contributed about 10.2% of Scottish greenhouse gas emissions out of a land
use total of 13.2%. By contrast, forests and grasslands have the potential to act as carbon sinks,
with about 19% of the gross greenhouse gas emissions being offset by forests, grasslands, and
other land use activities110; see Fig. 6.6.
Methane and nitrous oxides are also significant contributors to agricultural emissions. Methane
comes primarily from livestock which deliver greater emissions of greenhouse gases per unit of
product than other agricultural commodities, while nitrous oxides are primarily derived from
adding fertilisers and manure to the soil. Nitrous oxide emissions are currently estimated at ~ 6
million kg of nitrogen per year111.

110 Joanna Jackson, Yvonne Li, Tim Murrells, Neil Passant, Stuart Sneddon, Jenny Thomas, Glen Thistlewaite, Kirstie Dyson and Laura Cardenas, 2007,
Greenhouse Gas Inventories for England, Scotland, Wales and Northern Ireland: 1990 – 2007, Defra, The Scottish Executive, The Welsh Assembly Government,
The Northern Ireland Department of Environment.
111 Lilly, A., Ball, B., McTaggart, I., DeGroote, J., 2009, Spatial modelling of nitrous oxide emissions at the national scale by upscaling using soil, climate and land use
information, Global Change Biology, 15, 2321 – 2332.
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Figure 6.6
Greenhouse gas fluxes (Mt CO2e y-1) from Agriculture, Forestry and Other Land Uses in Scotland. Figures for 2008.
(Data from Greenhouse Gas Inventories for England, Scotland, Wales and Northern Ireland 1990–2008).
Notes: CO2 comes from cropland when forest/grassland is converted to arable. Source: Cannell et al., 1999112

As the Farming for a Better Climate initiative articulates, several management options exist to
lower nitrogen emissions and reduce farmers’ costs:

•
•
•
•
•
•

optimising the timing of fertiliser application;
substituting legumes for artificial nitrogen;
livestock managed in ways that reduce the amount of methane they produce;
undertaking low disturbance tillage of soils to minimise carbon loss;
reducing the number of machinery passes in arable cultivation;
increasing sequestration (in soils and in above-ground biomass) e.g. by conversion of arable
land to trees and grasslands, peat restoration;

• use of carbon-neutral energy crops;
• increasing density of forest stands;
• managing forests in ways that increase sequestration and reduce ‘leakage’.
Forests contribute to reducing CO2 emissions by carbon uptake in growing biomass, vegetation
and in soils. Substituting wood fuels for fossil, field and timber and wood products for more
energy-intensive materials such as concrete and steel, further reduces Scotland’s use of carbon.
Short-rotation coppice or short-rotation forestry, supplied to nearby bio-energy producers, can
contribute to community energy and renewable heat strategies. Given that tree crops take many
years to mature, planned rather than reactive adaptation in woodland creation is needed113. In
the short term, creating new woodlands and restocking existing ones can be done using species
currently in use. In the longer term, new species may need to be considered, raising difficult
questions in terms of protecting Scotland’s woodland biodiversity.
112 Cannell, M., Milne, R., Hargreaves, K.J., et al.,1999, National inventories of terrestrial carbon sources and sinks: the UK experience, Climatic Change 42, 505-530.
113 Reed, D.J. et al (eds), 2009, Combating climate change – a role for UK Forests. An Assessment of the potential of the UK’s trees and woodlands to mitigate
and adapt to climate change, The Stationary Office, Edinburgh
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The greenhouse gas mitigation potential from UK agriculture, land use, land use change and
forestry sectors has been analysed114 using marginal abatement cost curves (see Chapter 4, Fig.
4.1) to assess the efficacy of different abatement strategies. The results indicate that in 2022
around 6.36 MtCO2e could be abated at negative or zero cost. Further, over 17% of agricultural
greenhouse gas emissions (7.85 MtCO2e) could be abated at a cost of less than the estimated 2022
Shadow Price of Carbon (£34/tCO2e). Thus, managing land use to abate greenhouse gas
emissions is an attractive policy option. However, pressures to produce more food and energy are
most easily achieved by activities that increase emissions, for example by applying more fertiliser
or employing increased mechanisation.
Growing more food will put pressures on prime agricultural land and thus will be difficult to
achieve without intensive cultivation, especially if the area of good land is reduced. Another
pressure comes from the desire to increase the area under forest and arises from the Scottish
Forestry Strategy with its target of 25% woodland cover by 2050115. The Inquiry learned that the
land best suited to growing trees is the same as used for the beef cattle industry, another mainstay
of the Scottish agricultural scene and the rural economy. This illustrates the complexity of
dealing with competing pressures on land and achieving an overall reduction in land use
emissions. This need for integration is beginning to be addressed in the Scottish Government’s
proposed Land Use Strategy (see Chapter 8.6)
Soils
Existing policies and strategies fully recognise the need to protect land that has carbon-rich soils,
such as peatlands and upland organo-mineral soils. However, many peatlands are no longer in
pristine condition and there is uncertainty about their rate of growth and the balance between
emissions and sequestration. There is clearly a large gap in knowledge here that is a barrier to moreinformed decision making about protecting or restoring peatlands. This is recognised in the Scottish
Government’s 2010 Report on Proposals and Policies underpinning the Climate Change (Scotland) Act
2009. Another important unknown is a lack of knowledge about how peatlands will adapt and
respond to future climate change. Without such knowledge it is difficult to understand how and
where peatland restoration should be undertaken. Peatlands in good condition should continue to
accumulate carbon and, assuming all peatlands are in good condition, this could amount to 0.4 Mt
per year. However, there are concerns that climate change, and in particular drier summers, may
reverse this and cause peatlands to become a source rather than a sink of carbon. Bearing in mind
the size of the peatland store, any switch from present trends of sequestration to future emissions
would impede progress towards overall Scottish and UK reductions in emissions. Although other
factors such as over-grazing, fires (including muirburn), trampling, drainage (or gripping), peat
cutting and other land management practices are probably involved in maintaining the health of
peat bogs, these will only be exacerbated by future climate change.
Waters
The water environment provides both challenges and opportunities in the shift to a low-carbon
future. In terms of managing organic matter in transit, it is important to manage tillage, forestry
operations, and the installation of on-shore wind turbines, so that the export of carbon into
water bodies is minimised and, ideally, the recent upward trend in loads reversed. The amount of
particulate carbon locked away in the bed material of rivers, lochs, reservoirs and estuaries has
only been quantified at a limited number of sites (e.g. Loch Creran116) and an overall budget for
Scotland has yet to be determined. But unless these bed materials are physically disturbed (e.g. by
the flushing of reservoirs or dredging of river or estuarine channels), they are unlikely to
significantly alter the export of c. 2 Mt CO2 eq yr -1 from land- to marine-based stores. However,
carbon stored in farm ponds is potentially more mobile and could represent a more vulnerable
store of land-based carbon should the ponds be dredged or removed.
114 Moran, D., MacLeod, M., Wall, E., Eory, V., Pajot, G., Matthews, R., McVittie, A., Barnes, A., Rees, B., Moxey, A. and Williams, A., and Smith, P., 2008,
UK marginal abatement cost curves for the agriculture and land use, land use change and forestry sectors out to 2022, with qualitative analysis of options to 2050.
Final Report to the Committee on Climate Change, Report No. RMP4950. SAC Commercial Ltd, King's Buildings, Edinburgh EH9 3JG. 152pp.
115 Forestry Commission, 2010 (June), Woodland Area, Planting and Restocking, http://www.forestry.gov.uk/pdf/area2010.pdf/$FILE/area2010.pdf
116 Loh et al., 2010, Sediment fluxes and carbon budgets in Loch Creran, western Scotland, The Geological Society London, Special Publications, v. 344, 103–124
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Using river catchments to improve water quality and reduce flood risk
As reported in Chapter 7.3, at present water quality is regulated by SEPA and the Water Quality
Regulator for Scotland. SEPA regulates discharges into water bodies (mainly industry, farms and
sewage treatment plants) and the Water Quality Regulator for Scotland monitors compliance
with drinking water standards. Current methods for ensuring compliance with these regulations
result in high energy costs for water treatment. Alternative ways of achieving compliance have
been developed in recent years based on natural processes of filtration in river catchments and
changes in farming practice (especially the use of fertilizers and pesticides and the management
of livestock and their wastes). These opportunities for improving water quality are examined in
more detail in Chapter 7.3.
Measures for flood risk management have similarly embraced a river catchment approach in
recent years with the Flood Risk Management (Scotland) Act 2009 explicitly requiring SEPA and
local authorities to explore options for using natural processes in river catchments to reduce
flood risk. The options available are explained in more detail in Chapter 7.3.

Current status of Scotland’s biodiversity
Biodiversity is a key component in Scotland’s land-based environment, the health and future of
which is subject to numerous international and national treaties and regulations. The plants and
animals of Scotland and the Nordic countries have many common elements, reflecting similar
geology and soils, glacial history and cool maritime climate. Scotland’s plant and animal species
comprise a diverse mix of Atlantic, Arctic, Arctic-alpine and boreal elements, with many species
at the extreme of their global range. Thus the species assemblages of boreal-Arctic peat land birds
and birds of the montane plateaux are unique. In addition, the natural range of 31 species is
restricted to Scotland. Approximately 370 species of national and international importance in
terms of conservation occur within 1,451 protected areas in Scotland (Sites of Special Scientific
Interest, Natura sites, and National Nature Reserves), which collectively cover around 12% of
Scotland’s land area117.
In 2004, Scottish Natural Heritage (SNH) set out a long-term vision and framework for action
to protect Scotland’s biodiversity. The first of five key objectives related to species and habitats
with the aim “to halt the loss of biodiversity and reverse previous losses through targeted action
for species and habitats” 118. Six years later, SNH (2010)117 published an update on progress to
2008. Encouragingly, there was a positive overall trend for 29 priority habitats. However, this
contrasted with an overall negative trend for 181 priority species. Noteworthy changes in broad
habitat extent between 1998 and 2007 underpinning these trends were:

•
•
•
•
•
•

6% increase in the number of ponds;
13% decline in arable and horticultural areas;
8% decrease in linear features (hedges, walls fences etc);
10% increase in broadleaf woodland;
7% decline in coniferous woodland (felling cycle producing temporary open habitats);
8% increase in acid grassland in uplands.

117 Mackey, E.C., and Mudge, G., 2010, Scotland’s Wildlife: An Assessment of Biodiversity in 2010, SNH, Inverness.
118 SNH, 2004, Scotland’s Biodiversity, it’s in your hands, Scottish Executive, Edinburgh, p.36.
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Turning now to the challenges posed by climate change in managing biodiversity, SNH (2010)117
has itemised the following as being especially significant:

• differentiating changes that can be managed (e.g. allowing or preventing natural succession
by altering grazing rates) from those that cannot be managed (e.g. reduced snow lie);

• taking into account the changing ‘climate space’ for each species and habitat and accepting
that the loss of a species from a region, or even from Scotland, may have to be accepted;

• promoting ecological networks and connectivity, which may help species disperse as they
find new ‘climate spaces’. This requires action to prevent fragmentation of habitat and
promoting ecological connectivity wherever possible;

• considering the translocation of species from sites with inadequate ecological networks to
new sites. This implies that the current locations of nature conservation sites will also need to
be reviewed;

• undertaking a risk assessment of the threats posed by colonisation by non-native species
(including pests and diseases).
Throughout all the above challenges in managing biodiversity, maintaining ecosystem resilience
is a key goal alongside the promotion of ecosystem services.

Role of ecosystem services
As a primary natural resource, land not only supports primary industries (agriculture, forestry),
but also supports wellbeing through the provisioning of clean and nutritious food, clean air and
water, energy and flood management, as well as health and fitness through recreation and
enjoyment of the outdoors. These wider benefits (or ecosystem goods and services) are now more
widely recognised and are seen as part of the land’s multifunctional uses. Land and landscapes are
also major factors in Scotland’s largest industry (tourism) and the use of rural land for
ecotourism is growing rapidly. Furthermore, land supports a world-class food and drink industry
(e.g. whisky) which strives to compete on quality, authenticity and association with an iconic
landscape. A recent SNH-sponsored study showed 11% of our total economic output depends on
the natural environment which was valued at £17.2 billion119. A changing climate will clearly
affect that natural environment.

The Ecosystem approach
In order to manage the natural environment, the Scottish Government and its agencies now
favour the Ecosystem Approach, which is governed by the principles of the 1993 UN Convention
on Biological Diversity (CBD) and places people at its heart. The growing interest in the Ecosystem
Approach to strategic planning and management of natural resources reflects the interdependence between human wellbeing and the health of ecosystems120. There is a raft of
international and national experience and outcomes, in particular the Millennium Ecosystem
Assessment 121, Intergovernmental Platform for Biodiversity and Ecosystem Services (IPBES), the UK’s
National Ecosystem Assessment 122 (NEA) and Scotland’s Model Ecosystem Framework 123 (MEF) that all
build on the CBD and underpin this movement towards an Ecosystem Approach.

119 RPA & Cambridge Econometrics,2008, The Economic Impact of Scotland’s Natural Environment, Scottish Natural Heritage Commissioned Report No.304
(ROAME No. R07AA106).
120 Haines-Young, R. and Pochin, M., 2007, England’s Terrestrial Ecosystem Services and the Rationale for an Ecosystem Approach, Technical report to Defra,
project no.NR0107.
121 www.millenniumassessment.org/en/index.aspx
122 http://uknea.unep-wcmc.org/
123 www.globallandproject.org/049_Aspinall.shtml
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The Ecosystem Approach is a strategy for the integrated management of land, water, and living
resources that promotes conservation and sustainable use. Delivering an Ecosystems Approach
requires the potential of ecosystem services to be fully realised. The Millennium Ecosystem
Assessment identified the following four categories of benefits that humans receive from
ecosystem services:

• Supporting services: the functions that are necessary for the production of all the other
ecosystem services including soil formation, photosynthesis, primary production, nutrient
cycling and water cycling;

• Provisioning services: the products obtained from ecosystems, including food, fibre, fuel,
genetic resources, biochemicals, natural medicines, pharmaceuticals, ornamental resources
and fresh water;

• Regulating services: the benefits obtained from the regulation of ecosystem processes,
including air quality, climate, water supply and purification, disease and pest control
pollination, and protecting against erosion and natural hazards;

• Cultural services: the non-material benefits people obtain from ecosystems through spiritual
enrichment, cognitive development, reflection, recreation and aesthetic experiences – i.e.
taking account of landscape values.
An Ecosystem Approach thus examines how environmental assets deliver against each of these
four categories, which in turn deliver human wellbeing and economic prosperity122. The
Ecosystem Approach has potential to help make strategic decisions more informed, efficient and
transparent such that management of natural resources is more equitable, sustainable and
profitable. Multiple policies seek to protect and enhance the environment and promote economic
sustainability, but these often address different components of natural resources, drivers and
scales. A systems approach that takes an integrated view of the interactions between ecosystem
services, offers potential to more fully evaluate potential consequences of decision making.
Table 6.2 is an attempt to link measures to reduce carbon emissions with the wider ecosystem
services. The columns on the left illustrate the mitigation potential in terms of magnitude of the
potential cut in emissions and the cost-effectiveness of such actions. The columns on the right
reflect different sets of ecosystem services concerned with provisioning, regulating or supporting
society. A plus or minus is scored for each service within each category. Such a table is difficult to
quantify and cost, but the approach, even at this early stage of development, gives useful insights.
For example, Table 6.2 points to several important conclusions:

• Actions on forestry, soil carbon and restoring peatlands each have the potential to reduce
emissions in 2020 by hundreds of thousands of tonnes.

• Many of the actions to reduce emissions from land use have beneficial effects on ecosystem
services. In other words, if we can cut emissions we improve the environment.

• The cost of reducing emissions through land use change is low in relation to other means of
cutting emissions (Chapter 4).

• In view of the large potential store of carbon in soils, it would be wise to know more about the
link between farming management and soil carbon. A crucial unknown is the relative
importance of low-till cultivation in relation to normal deep ploughing and the relative costs.

• Anaerobic digestion has an important niche role, since it can be deployed at the scale of
individual farms.
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Figure 6.2
Sample information on abatement potential and cost effectiveness of mitigation options for selected land use and management options
with illustrative impact on ecosystem services (co-benefit/dis-benefit or unknown as +/- or 0, respectively). The latter are grouped under
the categories provisioning, regulating, supporting and cultural services. Each bulleted service within these categories is scored in the
listed order as positive (+), negative (-) or neutral (0, or else unknown).

Option

Mitigation
potential
Maximum
abatement
potential
(ktCO2e)
in 2020

Cost-effectiveness
(£/tCO2e abated)

Provisioning Regulating Supporting
Services:
Services: Services:

Cultural
Services:

food
fibre
fresh water
energy

climate
noise
water
diseases

biomass
oxygen
soil formation
nutrient cycling
water cycling
habitat revision

spiritual enrichment
cognitive development
reflection
recreation
aesthetic experience

Increase
woodland
planting to
15,000 ha./yr.

117
(in addition
to 337 from
planting at
0,000 ha/yr)

20

-+0+

+++0

++++++

+0+++

Supporting
Anaerobic
digestion

16

21

000+

+00+

+0+++0

00000

Increase
soil organic
matter
(stubble,
manure etc.)

162-23343

NYQ

++++

+0++

++++++

00000

Restoring
peatlands

48-27001

27-682

0 - +-

+0+0

++++++

+++++

Source: data from Moran et al. (2008)124, unless stated otherwise. NYQ = Not Yet Quantified.
1

Moran et al. give 48 while IUCN (201) gives 2700 (geometric mean of 360)

2 IUCN gives 27 – 68 but assumes one-off costs spread over 10 years.
3 Chapman, S.J., 2010, In Carbon Capture: Sequestration and Storage (eds. R.E. Hester and R.M. Harrison). Issues in Environmental
Science and Technology 29, The Royal Society of Chemistry, Cambridge.

Conclusion
This chapter has explored the wider context of land use in relation to greenhouse gas emissions.
The key message is that management of land use can help in the adaptation to climate change
and in mitigation through sequestration of carbon, and this is mostly compatible with making
businesses more cost-effective. It can also work to improve the environment. The magnitude of
the quantities involved and the sensitivity of the emission/sensitivity switch highlight its
importance to future plans. It is clear that land use is driven by a complex array of natural, social
and economic factors. In order to achieve effective change, it is important to develop a land use
strategy that optimises both carbon reductions and ecosystem services.

124 Moran, D., MacLeod, M., Wall, E., Eory, V., Pajot, G., Matthews, R., McVittie, A., Barnes, A., Rees, B., Moxey, A. and Williams, A., 2008, UK marginal abatement cost
curves for the agriculture and land use, land use change and forestry sectors out to 2022, with qualitative analysis of options to 2050. Final Report to the Committee
on Climate Change, Report No. RMP4950. SAC Commercial Ltd, Edinburgh, 152
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CHAPTER 7 DELIVERING A LOW-CARBON FUTURE: PUBLIC BODIES
Key findings
• Local authorities are expected to take a lead in the transition to a low-carbon society,
but they experience a gap between their responsibilities and their powers to deliver.

• Effective action is held back by a lack of an integrated response, reflecting problems
of leadership, capacity, training, committee structures and practices.

• Present arrangements make it difficult to finance long-term infrastructure changes to
reduce carbon emissions (local authorities and water).

• The education sector is alert to the opportunities of a low-carbon society, but work is needed
to develop the Curriculum for Excellence in schools, undergraduate and graduate courses in
higher education, and awareness in the professions.

• Some existing regulation, for example over water quality, impedes the move to a low-carbon
society.

Introduction
The Climate Change (Scotland) Act 2009 places many duties on public bodies in its roadmap for
delivering substantial reductions in greenhouse gas emissions and at the same time adapting to
the inevitable impacts of climate change reported in Chapter 2. But, throughout the Inquiry, it
was also clear that neither goal could be realised without a major engagement of public services.
In this chapter we take examples from the public sector and examine the way in which local
authorities, education and the water sector are responding to the challenges posed by climate
change. Within each sector we describe the policy context, the findings of the Inquiry, and the
implications of these for the move to a low-carbon society.

7.1 Scottish local authorities125
Key points
• Local authorities are expected to lead the way in the transition to a low-carbon Scotland.
But, despite ambitious policies and positive intent, local authorities remain uncertain
of the powers and resources which they could deploy.

• Considerable work remains to be done by central and local governments to embed action
on Scotland’s emissions targets.

• Local powers and general competencies for authorities to take direct action to meet
responsibilities are the necessary adjunct to clear, consistent direction from the Scottish
Government.

• There is a need for systematic capacity building, through training for councillors and
officers, and realignment of committee structures to ensure that budgetary and line
management priorities are working to drive energy efficiency and carbon management
plans.

• Budgetary constraints should be used to ensure a sharp focus on all forms of energy
efficiency, resulting in cost savings over short time periods.

• As a matter of urgency, the Scottish Government should integrate into the terms
of reference of its Commission on Public Services the requirement to recommend means
of restructuring to integrate action on energy efficiency, carbon management and low
carbon transition.
125 Four local authorities submitted written evidence to the Inquiry (Aberdeen, Argyll and Bute, Glasgow and West Lothian Councils). Representatives
of Aberdeen, Dumfries and Galloway, Dundee, Edinburgh, Fife, Glasgow, and Highland Councils gave oral evidence. In addition, a meeting with COSLA’s
Climate Change Task Group took place.
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Policy context
The role of Scottish local authorities in climate change mitigation and adaptation
Scotland will not meet targets set under Climate Change legislation without significant
leadership, initiative, innovation and commitment from every facet of local government, from
the technical issues of building standards, to the achievement of zero waste, to the social issues of
local democratic participation. Local authorities influence emissions not only from their own
activities and estates, but also their entire areas. They also have political responsibility for local
democratic participation and can be highly influential as community leaders. Action by local
authorities confers visible local benefits, in relation to jobs, reduced energy bills, better health
and better quality of life. Nor is there any doubt of the intent of local authorities to play a leading
role, as demonstrated by Scotland’s Climate Change Declaration, and Annual Reports on progress.
Publicly-stated intent is moreover strongly reinforced through the policy measures of the
Scottish and UK Governments.
Scotland's Local Authority Climate Change Declaration
By spring 2007, and predating the climate change legislation by two years, all 32 local authorities
had signed the Climate Change Declaration, with progress monitored through the Sustainable
Scotland Network (SSN)126. The Declaration commits every Council to:

• working with Scottish and UK governments to contribute to climate change programmes;
• producing public plans, with targets and timescales, to achieve significant reduction in
greenhouse gas emissions from their own operations, including energy use and sourcing,
waste production and disposal, estate management, procurement of goods and services and
improved staff awareness;

• ensuring that emissions reduction and climate change adaptation measures are incorporated
into all strategies, plans and programmes;

• assessing the risks and opportunities for services and communities of climate change
scenarios and impacts;

• encouraging and working with the local community to adapt to the impact of climate
change, to reduce emissions, and to make public their commitment to action;

• publishing an annual statement on progress and further actions127;
• collaborating with other organisations to promote good practice on mitigation and
adaptation.
Duties and responsibilities of local authorities
The Climate Change (Scotland) Act 2009 adds legislative teeth to the responsibilities of local
authorities, in that they must consider the delivery of Government emission reduction targets in
all that they do. The detail is outlined in Chapter 2 (Box 2.7). From January 2011, the Public Duty
guidance gives explicit detail to the requirements. Legislation has already created accountability
measures, including Public Authority Carbon Management Plans and reports. Local authorities
are also required ‘to establish a scheme for reducing the amounts which persons are liable to pay
in respect of council tax where improvements are made to the energy efficiency of chargeable
dwellings’128. From 2011, councils are themselves subject to the UK-wide CRC (Carbon
Reduction Commitment)129 in relation to energy efficiency in their own estate. The financial
penalties from the Scheme provide motivation for low-carbon management plans, as noted in
evidence from councils in West Lothian and Fife.
126 Climate Change Declaration, http://climatechange.sustainable-scotland.net/
127 http://climatechange.sustainable-scotland.net/index.asp?pg=3
128 Climate Change (Scotland) Act 2009, Section 65
129 The CRC (Carbon Reduction Commitment) is a mandatory energy efficiency scheme aimed at improving energy efficiency and cutting emissions
in large public and private sector organisations.

RSE Committee of Inquiry Facing Up to Climate Change Full Report I 85

Under the current Scottish Government, local authorities are working towards fifteen ‘National
Outcomes’, with three notably relating to climate change action:
• National Outcome 10 – We live in well-designed, sustainable places where we are able
to access the amenities and services we need;
• National Outcome 12 – We value and enjoy our built and natural environment and protect
it and enhance it for future generations;
• National Outcome 14 – We reduce the local and global environmental impact of our
consumption and production.
The Single Outcome Agreement (SOA) briefing paper130 sets the context for Scottish governance,
with the aim of formulating a strategy to meet each National Outcome. The environment is
treated as an ‘area profile’, but environmental actions are not always explicit within SOAs. Under
these arrangements, council tax levels have been fixed for the duration of the government period
of office, until 2011, but within the overall budget local authorities exercise some discretion over
allocation of resources. This confers some flexibility, and allows for emissions reductions to be
achieved via different pathways.
In addition to wide-ranging responsibility for welfare services, community wellbeing, and
enforcement of planning and building standards, all of which are implicated in, and subject to
impacts of, climate change, councils are also critical to:
• education, through the Curriculum for Excellence in schools;
• skills development through Further Education Colleges;
• delivery of the Scottish Sustainable Procurement Action Plan131;
• developing a methodology for ‘energy saving targets and setting a single overarching energy
saving target for the sector as a whole’132;
• work under the Climate Change Delivery Plan133 (4.20) noting the need for ‘A broader
coalition of civil society and local communities, in part encouraged by the Climate
Challenge Fund’ which will create the basis for changing normative practices of energy use
and instilling understanding of energy efficiency;
• the design and implementation of measures currently being finalised under the 2010 Draft
Report on Proposals and Policies for a Low Carbon Scotland 134. The report also indicates the
likely extension of duties for local authorities in relation to regulatory and enforcement
powers, and engagement with public and businesses.
Leadership in economic development to mitigate and adapt to climate change
Realising the potential for Scottish economic development, under the Low Carbon Economic
Strategy for Scotland 135 also requires proactive work by local, as well as central, government to
exercise leadership in the transition to a low-carbon society. The public sector is charged with
creating a reliable framework to reduce business risk and uncertainty, and hence to encourage skills
and capacity development, investment and innovation for the long term. The National Planning
Framework, which underpins economic infrastructure in energy, transport, built environment and
land use, is itself governed through local planning in Strategic Development Plans.
Councils have significant responsibilities in relation to ‘Conserve and Save’, the Energy Efficiency
Action Plan 2010132, especially for public buildings and housing, better local energy management,
retrofitting of buildings and regulation of private rented housing. This includes the potential for
developing decentralised, municipal energy, and community, or district, heating136 through local
heat mapping and feasibility projects, which in turn boost local economic development.
130
131
132
133
134
135
136

SPICe Briefing (Herbert, S.), 2010, Single Outcome Agreements 2009-2010, http://www.scottish.parliament.uk/business/research/briefings-10/SB10-18.pdf
Scottish Government, 2009, Scottish Sustainable Procurement Action Plan
Scottish Government, 2010, Energy Efficiency Action Plan
Scottish Government, 2009, Climate Change Delivery Plan
Scottish Government, 2010, Draft Report on Proposals and Policies for a Low Carbon Scotland
Scottish Government, 2010, Low Carbon Economic Strategy for Scotland
The Scottish Government’s Renewable Heat Action Plan 2009 requires councils to ‘Give serious consideration to installing one or more of the most relevant
renewable heat technologies’.
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Achievements of local government
A number of councils have already demonstrated notable leadership, with pioneering examples
presented to the Inquiry in written and oral evidence. These relate to insulation and energy
efficiency in social housing and council properties, housing renovation and improvement of
heating systems through local Combined Heat and Power and community heating, active travel
and transport, rationalisation of office space, flexible working, sustainable urban drainage
systems, coastal adaptation measures, and so on. The SSN Annual Conference 2010 focused on
local government leadership for a low-carbon society and SSN provide many valuable
illustrations of best practice137.

Inquiry findings
Evidence submitted to the Inquiry illustrates some common themes in relation to opportunities
and achievements.
Perceived opportunities

• Improving housing standards through use of the Renewable Heat Incentive 2011.
This was cautiously welcomed by councils such as West Lothian, Highland and Glasgow.

• Potential for developing CHP and community heating systems as a means of improvement
in low-carbon and energy efficient heating in densely populated urban areas.

• Projects such as the 2014 Commonwealth Games in Glasgow and the Edinburgh Trams
provide major opportunities to construct new low-carbon infrastructure.

• Investing in ‘greener’ transport technology such as hybrid electric cars and charging
infrastructures.

• Walking and cycling initiatives have the potential to solve problems of congestion,
public safety and health, as well as reducing emissions (Aberdeen Council).

• Decentralised renewable energy production, with shared community ownership.
Perceived achievements

• CHP schemes and planned extensions are ongoing, including Aberdeen Heat and Power Ltd
(Box 7.1), and Castlemilk-Glasgow.

• Pilot procurement of low-carbon public vehicles and buses.
• Housing insulation. Degrees of success varied however, with Highlands Council citing
good insulation and energy efficiency of council housing stock as an achievement, but
inefficiencies within private housing. There were numerous references to hard-to-treat
homes and buildings, including tenements, and continuing levels of fuel poverty.

• Successful travel plans were identified, for example in West Lothian, Fife and Dundee,
the latter being assisted by low rates of car ownership at 50% of the population.

• Community groups financed under the Climate Challenge Fund were succeeding
in local renewable energy projects.

137 http://www.sustainable-scotland.net/
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Box 7.1 Examples of council-led innovations to reduce carbon emissions
Aberdeen Council has developed three Combined Heat and Power (CHP) district heating
schemes and approval has been granted to extend the Seaton CHP. There are plans to change
the fuel supply from natural gas to biomass. Further plans include the development of a city
centre network to link with other blocks of flats and public buildings. The longer term aim
is to develop a ‘ring main’ of multiple CHP stations run on a variety of fuels.
Edinburgh City Car Club has 3,500 members and 100 cars, and is the largest scheme
outside London (www.citycarclub.co.uk). The Club is no longer reliant on the Council for
membership support – council staff now make up 16% of the total membership, compared
to 37% in 2001. The City Car Club has recently expanded to Glasgow, working closely with
the Local Authority there to replicate the success of Edinburgh.
In 2009 Falkirk Council commissioned MWH Consultants to assess work required for it
to be able to deliver on climate change duties and priorities. The report included a detailed
carbon footprint of the Council’s activities over the last three years. These data, which
demonstrated a 3% reduction in CO2 over three years, enabled a successful bid to attain
Carbon Trust Standard. The school estate accounts for 40% of the Council’s overall energy
use. The Council worked with the Carbon Trust to produce specialist school surveys that
identify individual actions that school communities themselves can take over and above the
recommendations made for energy managers. With smart meters being currently installed
across the school estate, the Council intends to start devolving school energy budgets in the
near future.
Fife Council developed a Whole Life Costing Procurement Tool to assist carbon-efficient
purchasing decisions and reduce the Council’s carbon footprint. The initiative arose from
corporate discussions about practical ways to enhance and improve their “green credentials”.
Glasgow Council, as one partner in Sustainable Glasgow, is working to achieve
environmental sustainability at the 2014 Commonwealth Games through:

•
•
•
•

remediation of contaminated land at all new venues;
upgrading existing stadia and venues;
constructing a Sustainable Energy Centre for the Athletes’ Village and Velodrome;
using sustainable building techniques to ensure 60% reduction in emissions over
2007 building standards.

These are an example of innovative local authority projects, many more are given at
www.sustainable-scotland.net.

RSE Committee of Inquiry Facing Up to Climate Change Full Report I 88

Uncertainty about capacity to meet targets
Despite the high quality of published plans, targets and ambitions, Inquiry evidence shows that
officers and councillors experience considerable uncertainties in relation to the actions needed to
achieve emissions reduction targets, and confusion over how best to use the options available to
them. Uncertainties were marked throughout the evidence, with authorities highlighting a
number of problems, including:
• lack of accessible information about ‘what works’ in reducing emissions (‘access to
information, advice and affordable systems which are appropriate for their environment’
were identified as key issues by Glasgow City Council, and this opinion was echoed in other
local authority areas);
• lack of transparency in measuring emissions baselines and change over time;
• the need for standardised, universal ‘footprint’ measurements to work with;
• lack of support at senior management level;
• lack of clear lines of reporting responsibility to monitor progress;
• lack of infrastructure for decentralised, renewable energy generation. (The target for one
in ten buildings to be heated by renewable heat technologies by 2020 was regarded as
particularly challenging).
The most significant issue hampering progress in overcoming such perceived obstacles is likely to
stem from the lack of a clear line-management responsibility for energy efficiency, carbon
management and low-carbon transition policies. SOAs increasingly determine funding priorities,
which suggests that prioritising financial investment for climate change mitigation and
adaptation will require considerable political, and officer, determination to drive necessary
restructuring of committees and budgetary responsibilities. At present this is likely to mean that
the more ambitious aspects of carbon management plans are not implemented, because they fall
outside, or ‘between the gaps’ in, major spending commitments and responsibilities of local
authority structures. Plans may lack strong direction through lack of nominated senior
management figures with control over budgets. Moving ahead with projects such as universal
housing and building insulation, development of low-carbon, decentralised energy systems, waste
management, transport planning and so on will thus rely on the entrepreneurial commitment of
a few officers and local politicians who are willing to work outside their specified remit to
capitalise on any timely funding opportunities, which may, with imagination, give momentum
to low-carbon projects.
In the face of economic recession, significant budget reductions and multiple demands on fixed
resources, the result is likely to be inertia over many policy areas. These issues were raised
repeatedly throughout local authority evidence. The Convention of Scottish Local Authorities
(CoSLA) emphasised that local authority option appraisals result in short-term cost considerations
outweighing the more challenging climate change mitigation or adaptation targets. Dundee
Council, for example, were unsure about how national commitments could be translated locally,
and perceived ambitious energy reduction targets as unrealistic for them, despite the formal
requirement that the ‘public sector must aspire to a target which is at least as ambitious as any
overall national energy efficiency target covering all sectors’ 130. In some instances, councils
regarded themselves as constrained by the absence of a strong global and national response to
drive emissions reductions. In contrast, CoSLA’s Climate Change Task Group regarded the
absence of major local support from the public as hampering progress. They viewed concerted
grassroots action, led by community organisations, to win over hearts and minds, as crucial to any
reorientation of council spending priorities.
Consequently capacity is likely to be poorly developed and experience limited, with many lacking
knowledge, resources and incentives to act in a concerted way.
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Perceived Barriers
• Priorities specified around legislative duties, rather than general competencies (CoSLA);
‘transport and the promotion of alternatives is not a statutory requirement for any Local
Authority – unlike south of the border’ (Aberdeen).

• Operational requirements, and short-term cost, are prioritised above carbon management,
due largely to perceived financial constraints and a pressure to maintain economic and
population growth. Hence planning continues to prioritise area-based economic growth
over sustainable, low-carbon developments in local infrastructure.

• The cost of implementing low-carbon technology was a major issue, for example:
‘New schools being built were built to low-carbon specifications, but if they tried to include
things like ground source heat pumps within the fixed budget, they were told that they
would not then be able to include a gym.’ (CoSLA meeting)
‘There is no strategic investment, similar to the waste fund, being offered to local authorities
for carbon reduction’ (West Lothian Council).

• Pay-back periods for renewable technologies were too long for conventional financial
models, e.g. in Dundee a four-year pay-back period for a CHP plant was highlighted as
unacceptable.

• Council tax rebates for energy efficiency were too small (predominantly set at £50) and
administratively burdensome.

• Contradictory regulatory or administrative frameworks, creating perverse incentives
and frustrations – for example:
• procurement criteria derived from national frameworks for ‘best value’ are perceived
as emphasising short-term financial cost, and as conflicting at least partially with
sustainable procurement;
• where agricultural buildings are used for drying timber for biomass, the local council
re-classifies them as non-agricultural, resulting in new rate charges;
• for delivery of wood fuel, vehicles are required to use taxed white diesel rather than
untaxed red diesel (used in agriculture) (Highland Council);
• Fife area is part of the SESTRANS regional transport authority, but none of Fife is in
TACTRAN, the Tayside region authority. The planning authority divided Fife, but the
police and NHS did not (Fife Council);
• environmental protection regulations may work to hamper rather than facilitate
sustainable resource use, for example in relation to operations of SEPA and projects
for small hydro-schemes (Highland Council).

• Lack of alternatives to road and car travel were repeatedly highlighted, for example
particular attention was drawn to rural communities’ dependence on car use, due to poor
public transport to urban centres and onward travel connections.

• Poor availability of broadband internet connections limited the feasibility of more use
of videoconferencing to avoid travel (Highland Council).

• Low public awareness, and/or negative cultural attitudes towards low-carbon transitions,
continuing scepticism about the science and derogatory media coverage all contributed to
lack of popular demand for action at local level, and reluctance of local politicians to engage
with their communities in relation to low-carbon transition.
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Implications of the Inquiry findings
Implementation
The public sector, and local authorities in particular, are expected to lead the way, through
exemplary performance, to a blueprint for a low-carbon Scotland. While legislation and policy
clearly stipulate the need for the Scottish Government to work with local authorities, the
translation of policy commitments into practical means by which targets can be achieved has a
long way to go. Local authorities remain uncertain of the powers and resources which they could
deploy as a stimulus to low-carbon transition. Considerable work therefore remains to be done
by central and local governments to embed action on Scotland’s emissions targets. Each local
authority has to devise policies which match its area needs and resources.
Integration
Evidence of uncertainties and confusion about powers and responsibilities highlights the fact
that effective, thorough-going carbon management will not be implemented by local authorities
in the absence of more directive, supportive and cohesive policy and regulatory frameworks
from UK and Scottish Governments. Local powers, and general competencies for authorities to
take direct action to meet responsibilities are the necessary adjunct to clear, consistent direction
prioritising low-carbon transition.
Energy efficiency
Using a basic energy hierarchy model for guiding transition, the most cost-effective measures are:
1

cut the wasteful use of energy in public estates and buildings, local areas, and transport
and travel;

2

maximise efficiency of energy supply through measures such as combined heat/cooling
and power generation;

3

meet residual demand through new development of renewable energy sources.

In the context of budgetary constraints, this means a sharp focus on all forms of energy
efficiency, resulting in cost savings over relatively short time periods. The task of central
government is to ensure that local authorities are required to adopt this focus, and are enabled to
do so effectively. Learning from what has worked elsewhere is critical to efficiency of resource
use, and limits the perceived risks and uncertainties facing authorities. Best practice analyses
demonstrate that technical barriers tend to be minor, in comparison with the challenges of
leadership by politicians and/or officers. Few, if any, councils in the UK have as yet developed
genuinely comprehensive strategies for implementing climate change policies, but there are
many examples of progressive change in specific areas. Such examples have almost always relied
heavily on the determination and commitment of a few people, politicians and/or officers, who
have been willing to use existing powers, and funding opportunities, in unconventional ways, to
carry through innovations in areas such as universal home insulation (Kirklees), combined heat
and power systems (Aberdeen, Tower Hamlets, Southampton, Birmingham), community
renewables (Gigha), and integrated bus services (Edinburgh). The challenge now is for central
and local government to make this kind of action a matter of universal routine. This might be
done by recalling, and rebuilding, the historical strengths of municipal government in
improving public life and wellbeing for an era where the problems of climate change and
environmental degradation, rather than those of industrialisation, are foremost.
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Capacity
To address problems of capacity, we recommend:

• that Scottish and UK governments need to establish effective regulatory and financial
powers, enabling local authorities to invest in area-wide energy-efficiency measures,
decentralised combined heat and power systems, and coherent passenger transport services;

• systematic capacity building through training for local authority councillors and officers,
the realignment of committee structures to ensure that budgetary and line management
priorities are working to drive energy efficiency and carbon management plans;

• that new forms of investment be examined and agreed; this could include powers to raise
money from local ‘green’ bonds, or tax increment finance (used in the USA to pay for
community developments expected to cover their costs through increased future tax
revenues), ‘bed taxes’ such as those used in France, or similar financial instruments;

• that performance frameworks such as SOAs set common energy efficiency objectives
and require area-wide energy planning; the agreements should include specific
requirements in relation to energy efficiency, decentralised and renewable energy and
heating and transport;

• enforcing requirements for Strategic Environmental Assessment of all local development
plans and proposals;

• ensuring that there is a legally-enforceable requirement, under the Climate Change
(Scotland) Act 2009 duties of public bodies, for annual reporting on progress in emissions
reductions and adaptation planning;

• that the use of prudential borrowing powers, and generation of revenue from any
investment, needs to be incentivised, through measures to ensure that there are no hidden
financial penalties, associated with energy efficiency or decentralised energy services, for
councils, local businesses or households;

• that standard business, planning, financial and legal templates for energy efficiency
investment, transport partnerships and energy services companies need to be available
‘off the shelf’, so that existing knowledge is effectively shared;

• that the Improvement Service, together with SSN, could be the main practical focus for
improving capacity through developing best-practice training and dissemination of
knowledge and experience between councils;

• that as key intermediaries in public engagement, local authorities can make the meanings
and implications of climate change real at local level, but this requires investment in
systematic knowledge exchange and development with local councillors and officers to
develop priorities for local action. CoSLA, working with the Scottish Government, needs
to ensure that all Councillors receive appropriate, coherent education and support for public
engagement and community leadership in local carbon transitions.
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Commission on Public Services
Public expenditure constraint has resulted in the creation of the Commission on Public Services,
charged with examining how Scotland’s public services can be delivered in future to secure
improved outcomes for communities. The Commission will report its recommendations by the
end of June 2011. The scale of budget reductions means that there is expectation of significant
restructuring, creating the potential for innovative integration of energy and carbon management
into all areas of local authority governance, rather than leaving it as an additional function to be
covered at the margins. In its present composition, the Commission is not charged explicitly with
fulfilling this requirement. There is reference to the sustainability of Scotland's public services, and
the need to improve outcomes and redesign services to fit local needs. The Commission is also
asked to focus on the underlying causes of problems as well as symptoms, and to take a long-term
view without being constrained by current practice. There is no explicit recognition however of
the leading role of public bodies in climate change mitigation and adaptation, and transition to a
low-carbon society. This is an opportunity which should not be missed. As a matter of urgency, the
Scottish Government should integrate into the Commission’s terms of reference the requirement
to recommend means of restructuring of public services to integrate action on energy efficiency,
carbon management and low-carbon transition.

7.2 Education
Key points
• Climate change and the transition to a low-carbon society are being used in many schools
•

•
•
•

to address the inter-disciplinary learning context of the Curriculum for Excellence and actions
under the Scottish Government’s Learning for Change.
Eco-Schools Scotland, active in virtually all local authority schools, is successfully promoting
reduced energy and water usage, recycling of waste and raising awareness of the impacts
of climate change amongst pupils, parents and local communities and of how a low-carbon
society might operate.
Learning and Teaching Scotland’s website has a useful range of resources for schools to
engage with climate change and a low-carbon future.
Scotland’s universities and colleges are delivering on the tasks in Learning for Change,
but further progress is needed on embedding climate change and a low-carbon society
in the undergraduate curriculum and agroforestry at the Masters level.
In general, Scotland’s professional bodies have yet to engage with the challenge posed
by climate change and the transition to a low-carbon society.

Promoting behavioural change in individuals and communities is a major challenge in the
transition to a low-carbon society. Here we explore the contribution provided by the education
sector in raising awareness and understanding of this challenge.
We begin with education in primary and secondary schools and focus on pupils’ awareness of the
issue of climate change and understanding of the obstacles to a low-carbon society. We conclude
with a brief assessment of how well the university and college sector is addressing these issues,
and comment on the role of professional bodies.

Policy context
The Scottish Government’s key policy in this area is Learning for Change: Scotland’s Action Plan for
the Second Half of the UN Decade of Education for Sustainable Development138. At the mid-point of the
decade 2005–15, the Scottish Government aims that by 2014 people in Scotland will have developed
the knowledge, understanding, skills and values to live sustainable lives. This means a Scotland where:
• learning for sustainable development is fully integrated into all stages of the formal
education system;
• there are lifelong opportunities to learn;
• the sustainable development message is understood and acted upon;
• we share our skills, expertise and resources through strong networks and partnerships.
138 Scottish Government, 2010, Learning for Change: Scotland’s Action Plan for the Second Half of the UN Decade of Education
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The remit of this policy extends across the whole educational sector – schools, universities and
colleges, and community learning and development.
The other main policy driver, targeted on primary and secondary schools is the Curriculum for
Excellence, the goals of which have been summarised as:
“Within a broad framework of experiences and outcomes, it (Curriculum for Excellence) aims to
provide the space and incentive to develop the capacities of our young people as successful
learners, confident individuals, effective contributors and responsible citizens” .
Graham Donaldson HM Senior Chief Inspector, Improving Scottish Education HM Inspectorate
of Schools, 2009

Inquiry findings
Schools
Curriculum for Excellence
The launching of Curriculum for Excellence in secondary schools in August 2010, following earlier
implementation in primary schools and pre-school centres, has provided an opportunity to take
up the Learning for Change action that schools embed sustainable development education (SDE)
within the curriculum.
Inter-disciplinary learning, one of the four educational contexts of Curriculum for Excellence, is
especially well-suited to tackling the issue of climate change and the move to a low-carbon
society in secondary schools. Most subjects, but especially the social subjects (geography, history
and modern studies), literacy, science, mathematics, technical subjects and health and wellbeing,
should use their combined skills and knowledge to encourage greater understanding of climate
change and a low-carbon future. Indeed it can be argued such a development could become the
‘duct tape’, promoting the context of inter-disciplinary learning in secondary schools, as it
requires inputs from a wide range of subject specialists for successful understanding by young
people (Table 7.1). It is important that such inter-disciplinary learning is properly integrated,
rather than being assumed to arise merely from disciplinary subject combinations.
The other contexts for learning in Curriculum for Excellence are: curriculum areas and subjects;
ethos and life of the school as a community; and opportunities for personal achievement. The
study of climate change and a low-carbon future (as a component of SDE) can also help schools
meet these other learning outcomes through activities such as inviting speakers into schools,
arranging visits for pupils out of school and taking part in outdoor learning. By doing so, young
people can see that they are able to make a difference to their own, their parents’ and their
communities’ behaviours. In addition, via these activities, pupils will have opportunities to
discuss their learning and attainment with their teachers and plan and set goals for their future
learning and development – all of which are at the very heart of Curriculum for Excellence.
Delivering Curriculum for Excellence
The Sustainable Development Commission Scotland’s fourth report notes that “Curriculum for
Excellence presents an excellent opportunity for making schools hubs of sustainable development
learning and engagement with their communities”139. We concur with that view and commend
the embedding of SDE in the work of HMIE and in the National 4 and 5 courses being
developed by the Scottish Qualification Authority (SQA) to replace examinations at Standard
Grade and Intermediate levels. We also endorse the Commission’s recognition of outdoor
learning in Learning for Change as a key component of SDE140.

139 Sustainable Development Commission Scotland, 2010, Fourth Annual Report of the Sustainable Development Commission Scotland, 39.
140 Learning and Teaching Scotland (LTS), 2010, Curriculum for Excellence through outdoor learning , and a series of Outdoor learning CPD opportunities
hosted by LTS in the early part of 2011.
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Table 7.1. Curriculum for Excellence: a selection of ‘experiences and outcomes’ which relate to Climate Change and Sustainability.
The codes provide a unique identification for each statement, purely for ease of reference. As an example: MNU 0-11a
MNU
0
11
a
is the three letter code
indicates that the statement
indicates that the statement
The final letter indicates
for numeracy
is within early level.
sits within the 11th line
the position of the statement
The others are 1, 2, 3 and 4
of development in numeracy
within the line of development
In this case ‘a’ shows that it
is the first statement.
SOC = Social subjects, HWB = Health and Well being, SCN = Science, TCH = Technical, LIT= Literacy

This example shows progression through levels in Social Subjects
By exploring climate
zones around the
world, I can compare
and describe how
climate affects
living things.
SOC 1-12b

I can discuss the
environmental
impact of human
activity and suggest
ways in which we
can live in a more
environmentallyresponsible way.
SOC 2-08a

I can identify the
possible consequences
of an environmental
issue and make
informed suggestions
about ways to manage
the impact.
SOC 3-08a

Having explored
the ways journeys
can be made,
I can consider the
advantages and
disadvantages of
different forms
of transport,
discussing their
impact on the
environment.

I can identify threats
facing the main
climate zones,
including climate
change, and analyse
how these threats
impact on the way
of life.
SOC 4-12a
I can carry out a
geographical
enquiry to assess
the impact and
possible outcomes
of climate change on
a selected region
and can propose
strategies to slow or
reverse the impact.
SOC 4-12b

SOC 2-09a

This shows examples of ‘experiences and outcomes’ across various subjects at different levels which relate to SDE

I am aware of different
types of energy
around me and can
show their importance
to everyday life and
my survival.
SCN 1-04a
Through exploring
non-renewable
energy sources, I can
describe how they are
used in Scotland
today and express an
informed view on the
implications for their
future use.
SCN 2-04b

To help me develop
an informed view,
I can identify some
of the techniques
used to influence or
persuade and can
assess the value
of my sources.

I can investigate the
use and development
of renewable and
sustainable energy to
gain an awareness
of their growing
importance in
Scotland or beyond.

LIT 4-08a

TCH 2-02b
I can examine a range
of materials, processes
or designs in my local
community to consider
and discuss their
environmental, social
and economic impact,
discussing the possible
lifetime cost to the
environment in
Scotland or beyond.
TCH 4-02a

I am developing the
skills and attributes
which I will need for
learning, life and
work. I am gaining
understanding of the
relevance of my
current learning to
future opportunities.
This is helping me
to make informed
choices about my
life and learning.
HWB 3-19a
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We note the valuable contribution being made by Her Majesty’s Inspectorate for Education in
assisting local authorities, clusters of schools, individual schools and departments plan their
curriculum effectively. This should enhance the delivery of Curriculum for Excellence and help
share good practice throughout Scotland. We also commend local authorities such as Angus
Council and North Lanarkshire who are collaborating in the project On Track with Learning in
further developing planning and tracking using ‘experiences and outcomes’ such as those
illustrated in Table 7.1.
In terms of resources to help deliver the Curriculum for Excellence, the Learning and Teaching
Scotland (LTS) website141 is a valuable source, especially the sections on Sustainable Development
Education, Exploring Climate Change, Weather and Climate Change and Schools’ Global
Footprint (see Chapter 11 for further details). The Royal Scottish Geographical Society, following
its recent move to Perth, also provides useful materials and, via its annual series of talks at 14
centres around Scotland, can assist school pupils and adults to engage with the challenges posed
by climate change and the move to a low-carbon society142.
But we are concerned over the delivery of Curriculum for Excellence.

• Budgetary constraints on local authorities are already impacting on the provision of
Continuing Professional Development (CPD) for teachers with supportive, seconded posts
under threat. Local authorities and schools need to increase, or at least retain, existing
investment in high quality CPD.

• Timetabling issues in secondary schools need to be addressed to allow for an appropriate
balance between inter-disciplinary and discrete subject learning.

• We urge the Scottish Government and SQA to use the new National 4 and 5 examinations
and the revision of Higher and Advanced Higher courses to embed climate change,
sustainability, global citizenship and biodiversity in the school curriculum right up
to the end of secondary education.
In addition, we re-iterate the concerns in the RSE’s November 2010 Briefing Paper143 in terms of
delivering the Curriculum for Excellence. In particular we note the need for an overall
management plan, effective communication of the fundamental vision and purpose of the
programme, a plan for continuing development, improvement and communication of the
programme, and formal monitoring to assess the impact of the introduction of this radical
curriculum reform.
Eco-schools programme
Eco-Schools Scotland (managed by Keep Scotland Beautiful on behalf of the Scottish
Government) is a highly successful programme. By linking learning and extra-curricular
activities to the interdisciplinary themes of citizenship, SDE and health education, Eco-Schools
not only promotes increased awareness of climate change and a low-carbon future, it also
develops decision-making skills and raises the awareness of young people of other cultures and
societies. As a result, many successful Eco-schools have well-established links to other schools in
the UK, Europe and Africa, adding a global dimension to school life. In assisting the delivery of
Curriculum for Excellence, the Eco-Schools programme has developed outcome maps to assist
teachers in lead curricular areas develop inter-disciplinary learning focused on climate change
and sustainable development.

141 http://www.ltscotland.org.uk
142 For further details and information on the talks programme see http://www.rsgs.org/
143 Royal Society of Edinburgh, 2010, Briefing Paper for Scottish Government Parliamentary Debate: Curriculum for Excellence
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Currently, over 3,500 public and private schools in Scotland (including 98% of local authority
schools) are participating in the programme, with a third having achieved the prestigious Green
Flag award144. Successes in individual Eco-schools have included funding from the Climate
Challenge Fund (see Box 7.2), school carbon-footprinting, signing up schools grounds to the Grounds
for Learning initiative supported by SNH, together with awards from the RSPB, Forest Schools and
the John Muir Trust. An example of what can be achieved by an individual school is given in Box 7.2.
At present, Eco-School initiatives often register greater success in villages and towns rather than
in large urban areas, with Lawthorn Primary, Irvine, Ayrshire named as Scotland’s most
sustainable school in 2010145. But success can also be achieved in large urban settings, as evidenced
by the Caledonia Primary School, Gorbals, which used climate change as the focus for its School’s
Green Flag application. Whilst the uptake in secondary schools has tended to lag behind that in
primary schools, this is now being addressed by CPD promoted by an Eco-Schools Scotland
Secondary Development Officer.
Reducing reliance on the car-based ‘school-run’ is a major challenge for Eco-Schools and lowcarbon pupil travel plans (walking and cycling) such as those promoted by Sustrans are
commended. However, the take up of such plans is still disappointing with only a half of journeys
to school being made by foot, bike or scooterin 2010146.

Box 7.2 Grantown Grammar School’s “Making Connections”
Throughout the development of “Making Connections”, we have built in co-operative learning
strategies, enabling all pupils to have an impact, while building their academic and social skills,
in particular working effectively in groups.
This work has resulted in our involvement in a national pilot with Skills Development Scotland,
who are working on embedding career management skills into the curriculum. This led to the
development of a renewables project linked to the local wind farm, involving design and
technology, outdoor learning and science.
As a result of the dedication and hard work of the pupils we were able to have a photovoltaic
array installed and made a successful bid to the Climate Challenge Fund (CCF). CCF funds were
awarded for our Grantown Energy Awareness Network (GEAN) Project. Based upon a transition
town model, our pupils, staff and local partner organisations are engaged in carbon emission
reduction projects within the school and local community. These projects have an educational
focus, from individual pupils taking electricity meters home to help identify opportunities for
replacing inefficient appliances, to community energy efficiency education events. Pupils
measure the energy usage of the school campus and provide evidence to the council to help
improve our energy efficiency.
The GEAN Project involves pupils across the school: in Making Connections, Award Scheme
Development and Accreditation Network (ASDAN), Science, Art and more.
CCF funding has allowed us to really start to make an impact locally, while at the same time
providing opportunities for pupils to embrace new technologies that would otherwise not have
been so readily open to them. We have now embedded animation and video as core assessment
methodologies within CfE classes.
Projects in S1 and S2 such as Peak Oil, Janeemo (an agro-forestry enterprise initiative in Malawi),
Fairtrade, Renewables, Community Links and Conflict link into sustainable development,
climate change, and global citizenship at many levels. Rather than merely learning about these
issues, pupils are actively engaged in making changes, making links across subjects, issues and
across the globe.
Dugal McCrow, Grantown Grammar School
144 http://www.ecoschoolsscotland.org/
145 A video illustrating how the school has reduced its consumption of water and energy, production of waste and reliance of car-based transport can be found
at the Learning and Teaching Scotland website http://www.ltscotland.org.uk/mp4/climatechange/LawthornPrimarySchool.mp4
146 Sustrans “Safe Routes to Schools Scotland” (Summer 2010 Issue 15) and “Routes2Action” (Autumn 2010 Issue 22)
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Given the need for local authorities to reduce their carbon consumption, schools can offer a major
contribution, especially in terms of energy and water consumption, waste recycling and the use of
locally-sourced food. However, it is disappointing to note that in some instances the accrued
savings are not retained by the schools involved.
Overall, the Eco-Schools Scotland programme has proved to be a successful vehicle for promoting
awareness of issues related to climate change. We commend this programme and agree with the
Sustainable Development Commission Scotland that it should be more closely linked with wider
sustainable development education in the community147.
Universities and Colleges
One of the key areas of overlap between the secondary and tertiary sectors in education is that
of careers guidance. At the school level, careers advisers and guidance staff need high-quality
information on opportunities in the emerging low-carbon society. Similar information needs
to be available to pupils considering applying to courses and degree programme in Scotland’s
universities and colleges. There is emerging evidence that prospects of ‘green employment’ are
increasingly popular for school pupils with, for example, Banff and Buchan College’s new
Skills for Work Energy course (sponsored by the oil company Schlumberger) proving especially
attractive148. University and college careers services also need to ensure that graduates have
been familiarised with employment opportunities in the newly emerging low-carbon society.
Scotland’s universities and colleges, along with other public bodies, have duties under the
Climate Change (Scotland) Act 2009. The Environmental Association for Universities and
Colleges (EAUC) provides useful information on compliance with these new duties alongside
those required under the Scottish Government’s Learning for Change initiative. As of
November 2010, 56 institutions (89% of the sector) have signed up to the Universities and
Colleges Climate Commitment for Scotland (UCCCfS) and 59% of the due Climate Change Action
Plans have been registered with EAUC149. The pilot project on Behaviour Change
Management is producing useful outputs in terms of National Union of Students Green
Impact accreditation, Leadership in Sustainability training for senior management teams and
Communicating Sustainability Training for practitioners, but converting the pilot into crosssector compliance is still some way off. In response to the consultation on Public Body Climate
Change Duties, EAUC urged for clearer guidance on a consistent carbon footprint reporting
framework (including annual targets).
Evidence collected during the Inquiry confirmed increasing compliance with the Scottish
Funding Council’s Estate Management Guidance, including combined heat and power schemes in
Edinburgh, Aberdeen and Dundee Universities, Lauder College’s EcoSpace Facility, the Queen
Margaret University’s new campus (with its excellent rating under the Building Research
Establishment Environmental Assessment Method150) and Strathclyde University’s ambitious
plans to reduce emissions by 30% by 2020 under the ‘Sustainable Glasgow’ initiative. But retrofitting existing buildings to comparable levels in terms of energy efficiency and building
regulations will be very demanding, especially given anticipated reductions in capital
programmes over the next few years.

147 Sustainable Development Commission, 2010, Fourth Annual Report of the Sustainable Development Commission Scotland, 38
148 http://www.careers-scotland.org.uk/GreenJobs/News/News5_tpg.asp
149 EAUC Scotland Branch Committee Meeting, 4 November 2010
150 But note that this is partly negated by a high carbon footprint resulting from a peri-urban location
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‘Greening the curriculum’ has proceeded rapidly at the Masters level (see Box 7.3 for details) with a
significant development of programmes in renewable energy, carbon management and
sustainability. By contrast, existing provision for Masters degrees in land-based environment tends
to focus on specific sectors (agriculture, forestry, soils and rural management), with minimal
provision on the challenge of multi-functional land use, and specifically the field of agroforestry.
At the undergraduate level, modules in Geography, Environmental Science and Engineering
programmes often include material on renewable energy, carbon management and sustainability.
But more universities need to follow the example of St Andrews, Strathclyde and Edinburgh in
developing programmes on sustainable development at the undergraduate level across colleges and
faculties which are truly inter-disciplinary. As in schools, the traditional emphasis on strongly
discipline- or subject-based provision appears to impede such developments.
We concur with the Sustainable Development Commission’s generally favourable report on the
higher education and college sector’s embracing of SDE and endorse the tasks and targets in
Learning for Change as a “good framework for further progress in tertiary education”151.

Professional bodies
Over twenty bodies representing and regulating the professions were invited to submit evidence
to the Inquiry. It is noteworthy that only the Society of Actuaries responded. Since June 2010, the
Society has targeted resources, environment and energy as a strategic initiative evidenced by a
November 2010 meeting on Climate change and resource depletion: the challenge for actuaries
attended by around 60 senior actuaries from a range of UK institutions and consultancies. More
generally, the Society’s Resource and Environment Interest Group has been examining the
impact of climate change and the opportunities for actuaries to deal with the financial and
economic consequences, with a particular emphasis on the quantification of risk:
• to raise awareness of the implications for actuaries and actuarial judgement posed
by resource depletion; and
• to foster a dialogue between senior members of the actuarial profession, the academic
world and relevant organisations on the significant challenges presented by the issues.
We commend the Society of Actuaries for its positive engagement with the challenges posed by
climate change and a low-carbon society and invite other professional bodies in Scotland to follow suit.

Implications of the Inquiry findings
• Local authorities and schools need to increase, or at least retain, existing investment in CPD
•
•
•
•
•
•
•

if delivery of climate change and a low-carbon society is to be successfully delivered within
the Curriculum for Excellence.
The Scottish Government and the SQA should use the revision of Higher and Advanced
Higher courses to embed climate change, sustainability, global citizenship and biodiversity
throughout the secondary school curriculum.
Non-car-based travel to and from school still comprise under 50% of journeys. Local
authorities and schools should re-enforce the benefits of walking and cycling.
Opportunities for ‘green employment’ should be re-enforced in guidance provided
by schools, colleges and universities.
Provision of truly inter-disciplinary undergraduate degrees on Sustainable Development
(with a strong focus on a low-carbon society) should be made more widely available.
A Masters degree on agroforestry should be developed to promote multi-functional land use.
The Scottish Government should develop a consistent carbon footprint reporting framework
(including annual targets) for reporting against Public Body Climate Change duties.
We urge professional bodies to engage more fully with the challenges posed by climate
change and the move to a low-carbon society.

151 Sustainable Development Commission, Fourth Annual Report of the Sustainable Development Commission Scotland, 40
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Box 7.3 Selected MSc degree programmes with a low-carbon society focus
Crichton Carbon Centre (Dumfries)
Applied Carbon Management (with Glasgow University)
University of Aberdeen
Energy Futures (Renewables)
University of Abertay
Energy & Environmental Management
University of Dundee
Energy Studies with option of a specialism
Renewable Energy & Environmental Modelling
Concrete Engineering and Environmental Management
University of Edinburgh
Carbon Capture and Storage
Carbon Finance
Carbon Management
Sustainable Energy Systems
Napier University
Energy and Engineering Management
Transport Management
University of Glasgow
Physics: Energy and the Environment
Glasgow Caledonian University
Energy & Environmental Management
Sustainable Energy Technology
Heriot-Watt University
Renewable Energy and Distributed Generation
Sustainability Engineering
University of Strathclyde
Environmental Engineering
Offshore Renewable Energy
University of Highlands and Islands
Engineering: Renewable energy
University of the West of Scotland
Waste Management with Environmental Management
University of Stirling
Energy Management
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7.3 Water sector
Key points
• In order to meet its carbon reduction targets, Scottish Water should focus more on
catchment-based water treatment, rapid reduction in leakage and demand management
(promoting water meters and the use of grey water).

• SEPA should review its regulation of the water environment where it impedes progress
to a low-carbon society.

• River catchments have untapped potential in both reducing the energy costs for water
treatment and reducing flood risk.

• Effective delivery of sustainable flood risk management will require strategic and
well-managed partnerships between SEPA, local authorities and Scottish Water.
The water sector is likely to experience some of the most severe impacts and consequences of
climate change (Chapter 3). It is now examined in terms of its potential for both mitigation and
adaptation. Scottish Water and the Scottish Environment Protection Agency (SEPA) comprise
two public bodies with key contributions to make in the drive towards a low-carbon society.

Policy context
Scottish Water
Scottish Water, unlike most other UK water utilities, is a publicly-owned company and is subject
to direction by Scottish ministers and regulation by the Water Industry Commission and the
Drinking Water Regulator for Scotland. In promoting progress to a low-carbon society the Water
Industry Commission has allowed Scottish Water the following resources for the period 2010–15:
• £20 million for increased renewable energy generation;
• £2 million to identify sustainable and cost-effective solutions to tackling Cryptosporidium152;
• £15 million to identify and operate sustainable land management solutions in river
catchments;
• £2 million (investment) and £5 million (operating costs) to pilot water metering trials.
It has also invited Scottish Water to explore:
• combined heat and power opportunities at Scottish Water assets;
• matching levels of treatment to environmental conditions to minimise use of energy
and chemicals;
• sustainable treatment options including reed beds and wetlands;
• carbon management.
Scottish Water is subject to EU, UK and Scottish regulation in terms of drinking water standards,
waste water standards, the ecological status of water bodies it controls and discharges into,
and aspects of flood risk management. Over many years this has produced a great deal of
environmental regulation on how Scottish Water operates as a public utility.
Scottish Environment Protection Agency (SEPA)
SEPA (a non-departmental public body) is the main environmental regulator in Scotland charged
with both protecting and improving Scotland’s environment – air, water and land. Although
much of SEPA’s regulation is focused on the water environment, it is important to view SEPA’s
contribution to mitigating and adapting to climate change across all sectors – water, air and land.
As noted in Chapter 4, whilst SEPA is responsible for regulating greenhouse gas emissions, it has
restricted powers to enforce reductions.

152 A parasite causing diarrhoea in humans.
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Managing increased flood risk
SEPA has recently taken on additional duties under the Flood Risk Management (Scotland) Act 2009.
Driven by the requirements of the 2007 EU Assessment and Management of Flood Risks Directive,
this new Scottish legislation has set in place an ambitious timetable in which, by 2015, a national flood
risk assessment, national flood hazard and flood risk map and national flood risk management plan
will be in place (Box 7.4). Fundamental to delivering this will be effective partnership between local
authorities, SEPA and Scottish Water. Whilst SEPA will take the lead on initiating the national flood
risk assessment and national flood hazard and flood risk map, local authorities (assisted by Scottish
Water) will be essential in developing local flood risk assessments and flood risk maps and developing
local plans that will be embedded within the national flood risk management plan. Building on the
Foresight Project Future Flooding Scotland 153, the Flood Risk Management (Scotland) Act 2009 moves
away from ‘defending’ people and properties from being flooded towards sustainable flood risk
management across the whole river catchment or section of coastline.

Inquiry findings
Scottish Water
Processing water is very carbon-intensive – each megalitre of water generates 1.1 t CO2 eq.
Currently, Scottish Water produces the largest carbon footprint in Scotland – 475,265 t CO2 eq per
year (2008/9). The bulk of this footprint arises in sludge treatment, recycling and disposal, waste
water treatment and pumping, and treating and pumping drinking water (Fig. 7.1).
In response, the Scottish Water Carbon Plan154 sets out a strategy for reducing the organisation’s
carbon footprint with major contributions based on:

• whole life costing (capital programmes and business investment plans to be fully carbon-costed);
• adopting the most carbon efficient options in capital maintenance and investment
planning (replacing ageing assets with more carbon and energy efficient technology);

• reducing carbon in the supply chain (especially pumps offering a high potential
efficiency reward);

• promoting energy efficiency (energy used per megalitre of water and waste water treated
to be reduced year-on-year);

• delivering 25GWh of renewable generation from hydro schemes within the 2010–15
capital programme (small scale hydro generation turbines within existing assets representing
12,000 t CO2eq per year).

Box 7.4 Key stages in producing flood risk management plans155
(National) Flood risk assessment – to be produced by 22 December 2011
The national flood risk assessment will create a broad-scale picture of the causes and impacts of flooding
across Scotland. The assessment will lead to the identification of Potentially Vulnerable Areas (PVAs) and
help target studies action and investment to reduce flood risk.
Flood hazard and flood risk maps – to be produced by 22 December 2013
Flood hazard and risk maps will show the likely extent of different flood events and summarise the
potential impacts of those events. The maps will include information on all sources of flooding, including
rivers, the sea, groundwater and surface water run-off. The information will improve our understanding
of flooding problems and inform the selection of actions to manage flood risk.
Flood risk management plans – to be produced and approved by 22 December 2011
Building on flood risk assessment and mapping exercises, plans will be prepared to coordinate actions
across catchments. Flood risk management plans will allow for targeted investments and better decisions
to be made about actions to reduce flood risk.
153 Werritty, A., with Chatterton, J., 2004, Future Flooding Scotland, Foresight Flood and Coastal Defence Project, Office of Science and Technology,
Department of Trade and Industry, p65.
154 Scottish Water Carbon Plan 2010,
http://www.scottishwater.co.uk/portal/page/portal/SWE_PGP_NEWS/SWE_PGE_NEWS/INFO_CLIM_CHANGE/Scottish_Water_Carbon_Plan_2010.pdf
155 Scottish Government, 2010, Delivering Sustainable Flood Risk Management: a consultation.
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Figure 7.1
Scottish Water’s 2008/09 carbon footprint by activity. Source: Scottish Water, 2010155

Drinking water treatment and pumping 25%
Waste water treatment and pumping 34%
Sludge treatment, recycling and disposal 35%
Administrative activities 2%
Transport 4%

The Scottish Water Carbon Plan provides a significant milestone in reducing Scottish Water’s
carbon footprint; but effective delivery will require a radical overhaul in three areas of current
practice:
Catchment-based water treatment
Before being used for potable public water supplies, raw water must be treated to remove
chemicals, bacteria and Cryptosporidium. Current treatment methods typically involve energyintensive filtration and disinfection with eradication of Cryptosporidium presenting major
challenges, especially in rural areas dependent on small water treatment plants. Before waste
water can be discharged back into the environment (often into downstream water bodies which
dilute the effluent) it must comply with SEPA’s pollution control regulations. In order to meet
the standards for waste water effluents, Scottish Water relies heavily on energy-intensive water
treatment and pumping. Thus water treatment at both source (for drinking water) and end-ofpipe (discharge into the environment) are currently very energy intensive.
Catchment-based alternatives in which natural processes are use to filtrate and purify water are
becoming increasing favoured. When some 15 years ago New York City water utilities were faced
with increasingly expensive filtration-based treatment of raw water, a programme of source
control was initiated in the Catskill Mountains river basins156. Since then rigorous control of
livestock husbandry (often the cause of Cryptosporidium in drinking water) and the use of
fertilizers and pesticides has resulted in dramatic reductions in raw water treatment costs.
Poorly-managed use of fertilizers and pesticides and failures in disposing of organic waste is also
a major cause of diffuse pollution increasing waste water treatment costs. Again, catchmentbased methods (e.g. using reed beds and wetlands) can significantly reduce end-of-pipe
treatment costs in sewage works and save on energy and carbon. Despite being costly on a fieldby-field and farm-by-farm basis and very demanding in obtaining stakeholder consent, such an
approach is already being implemented (e.g. the SCaMP project operated by United Utilities in
northwest England157 ) and can result in significant reductions in energy use.
156 Appleton, A., 2002, How New York City Used an Ecosystem Services Strategy Carried out Through an Urban-Rural Partnership to Preserve the Pristine Quality
of its Drinking Water and Save Billions of Dollars.
157 http://www.unitedutilities.com/AboutSCaMP.aspx
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Reducing leakage
Reducing leakage is one of the most cost-effective ways to reduce Scottish Water’s carbon
footprint. Leakage of 1,100 megalitres per day (Ml/d) in 2005–6 has been reduced to 802 Ml/d in
2008/9 (saving around 10,000 t CO2 eq per year), but this is still well above the economic level of
leakage of 612 Ml/d158. The Water Industry Commission now expects Scottish Water to achieve
leakage levels of less than 500 Ml/d by 2015 (a target already reached by all the water companies
in England and Wales, other than Thames, in 2009–10 and thus not unduly onerous). This would
not only reduce energy costs but also avoid the need for new assets (reservoirs and treatment
plants) with their associated CO2 emissions. Given that the price of carbon is likely to rise during
this period, the current value for an economic level of leakage will also need to be revisited.
Historically, many water utilities have favoured a ‘predict and supply’ rather than ‘demand
management’ approach to water resources management. This has led to steady capital investment
in which new assets (mainly reservoirs, treatment works, pumps and pipes) have been privileged
over demand management (water metering and promoting the use of grey water). The need to
reduce energy costs rapidly poses a serious challenge to this business model. In many parts of the
world, including England, water metering is now operational as a means for reducing demand.
We note that the Water Industry Commission has identified £7 million for pilot water metering
trials over the period 2010–15158. To this, a feasibility study on retro-fitting water efficient
equipment for domestic consumers could usefully be added. Domestic usage could be further
reduced by substituting recycled ‘grey’ water (e.g. water collected from roofs) for gardens and
other uses where potable-quality water is not required. Whilst Scotland has a relative abundance
of high-quality raw water when compared with many other countries, this should not preclude
exploring water metering and the use of grey water – especially given the very high carbon costs
of pumping drinking water and waste water. Year-on-year reductions in carbon usage towards
the 2050s targets will not be achieved without significant reductions in per capita water usage.
Managing flood risk
The potential increase in flood risk also has implications for Scottish Water’s business planning.
Assets such as water treatment plants and reliance on electrical energy supplied via sub-stations at
risk of being flooded will require strategic risk assessment should either type of plant be
temporarily withdrawn from service. Similarly the impacts on the quality and available quantity
of raw water will need to be considered as increased winter rainfall increases suspended solids (and
attendant treatment costs) and decreased flows in the summer reduces the availability of some
supply sources. The increased risk of urban flooding (caused by failures in urban drainage),
especially that caused by intense summer rainfall, will pose particular problems for Scottish Water,
with ageing sewerage systems that are costly to replace. However, the Metropolitan Glasgow
Strategic Drainage Plan (a partnership between Scottish Water, local authorities, SEPA and
Scottish Enterprise) provides an exemplar of best practice in addressing the increased risk of urban
flooding. All these direct impacts of climate change will inevitably add to Scottish Water’s costs,
making the needs for savings from reduced energy costs and water demand even more crucial.
SEPA
SEPA faces challenges in implementing its Climate Change Action Plan (Box 7.5). A major barrier in
regulatory powers is the limited ability to regulate atmospheric emissions and the threat that decisions
will be challenged by green NGOs (as too light) and business (as too onerous). The cross-cutting nature
of climate change mitigation and adaptation makes it difficult for SEPA to regulate comprehensively.
Land use also represents a major challenge in terms of sustainability, suitability and national needs in
terms of food, energy and water security (Chapter 6). The new agendas of carbon storage and
development of renewables need to be integrated into land use planning and especially the Scottish
Government’s Land Use Strategy. In evidence to the Inquiry SEPA is sympathetic to Scottish Water’s
views that current water quality standards should be revisited in terms of energy efficiency. The
development of micro-renewables is also viewed positively, but SEPA will not view token investments
favourably. Finally, in implementing its Climate Change Action Plan, tighter regulation is needed in
managing waste heat, current planning permits neither facilitating nor rewarding the re-use of waste
heat on site.
158 Water Industry Commission, 2010, written evidence to Inquiry.
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Box 7.5 SEPA’s Climate Change Action Plan
Actions
• monitoring and analysis (reviewing existing monitoring and assessment and identifying
gaps relevant to climate change; keeping pace with evolving climate science and trends
in observations; review and analyse existing historical data sets; develop better
understanding of the greenhouse gas emissions of Scotland’s regulated industry);

•

regulation (assess new and existing regulatory instruments to reduce climate change impact
and promote best practice in adaptation and mitigation; assist Scottish Water resource use
and efficiency; regulate energy efficiency to further reduce emissions; identify targets
for human health and biodiversity that may be compromised by climate change);

•

informing and influencing (review strategic priority areas in energy, land, transport, waste
and air and water quality assessing their contribution to climate change; build expertise in
assessing and applying carbon tools; develop carbon costing and balance in decision making;
emphasise climate change risks and opportunities when responding to consultations);

•

advice to operators (engage with planning system to advise and comment on local, regional
and national development plans; review opportunities to include integrating climate change
mitigation and adaptation in River Basin Development Plans under the EU Water
Framework Directive; publish statement on energy including environmental and human
health impacts of energy use and transport);

•

greening SEPA (participate in Carbon Trust’s Local Authority Carbon Management
Programme; review internal transport and travel; aim for 25% reduction in carbon
equivalents by 2012 against a baseline of 2006/7);

•

communicating information (advice and guidance for industry on climate change,
water, energy and resource efficiency; improve implementation of regulatory regimes
to support climate change.

Managing flood risk
Fundamental to delivery of the national flood risk management plan (Box 7.4) is the need to
manipulate land use and agricultural and forestry practices to reduce the rate at which flows are
generated upstream and transferred downstream into urban areas. In detail, this could involve
using flood plains to store flood waters temporarily, restoring heavily engineered channels to a
more natural form, blocking surface ditches and sub-surface drains, reconnecting rivers with
adjacent wetlands, planting woodlands to increase the storage of water in the soil and reducing
stocking densities of sheep and cattle. Although all these measures should, in principle, help
reduce downstream flood risk, the precise benefits have yet to be quantified159. But it is generally
agreed that such land-based based measures will have a role to play, albeit to reduce the impact of
modest, relatively frequent floods rather than rare, catastrophic ones.
Although delivering sustainable flood risk management is not directly focused on advancing a
low-carbon future, many of the individual measures will assist in that task:

• the catchment-based approach (viewed as part of the national Land Use Strategy) will lessen
•
•

reliance on high-carbon, engineering-based defences (walls and embankments);
sustainable urban drainage, when combined with promoting ‘blue’ and ‘green’ urban spaces,
can form part of a more sustainable approach to living in cities;
community groups focused around managing local flood risk can provide the nexus for
the promoting the wider agenda of promoting more sustainable, low-carbon lifestyles
(as evidenced in the on-going project on the Eddleston Water in the Scottish Borders160).

159 Werritty, A., Spray, C., Ball, T., Bonnell, M., Rouillard, J., MacDonald, A., Comins, L. and Richardson, A., 2010, Integrated catchment management: from
rhetoric to reality in a Scottish HELP basin, in Proceedings of BHS International Symposium, Newcastle-Upon-Tyne, July 2010: Role of Hydrology in Managing
Consequences of Changing Global Environmental Change.
160 The Restoration Strategy for the Eddeston Water project (funded by the Scottish Government and SEPA and jointly delivered by the University of Dundee and
the Tweed Forum) has achieved a high level of community engagement as it explores flood risk reduction based on the natural characteristics of the catchment.
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Implications of the Inquiry findings
Scottish Water is actively engaged in reducing its carbon footprint and The Scottish Water Carbon
Plan (2010) represents a significant milestone. But effective delivery will require:

• energetic implementation of the proposed five pilot catchments to explore sustainable land
management solutions to water quality problems;

• bringing forward the Water Industry Commission’s leakage target of less than 500 Ml/d
by 2015 and re-assessing the economic level of leakage as the price of carbon rises.
Current targets on reducing leakage lack ambition;

• immediate implementation of the pilot water metering trials as directed by the Water
Industry Commission;

• actively encouraging domestic customers to use grey water when water of potable quality
is not needed.
SEPA is at the heart of much of the regulatory framework for delivering a low-carbon society and
a key partner in promoting delivery in both the private and public sectors. It is commended for
taking a strategic view in its Climate Change Action Plan and being a member of the 2020 Climate
Delivery Group. Its contribution in promoting a low-carbon society would be enhanced by:

• having its regulatory functions for atmospheric emissions and the management of waste
heat strengthened;

• more flexible implementation of SEPA’s Controlled Activities Regulations as applied to
micro-hydro schemes. Here the balance between the benefit of local renewable energy
and the cost of adverse impacts on the river environment needs to shift towards the former;

• introducing seasonal variations in discharge consents for effluents when no significant
impact on human or ecosystem health is likely to result.
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CHAPTER 8 DELIVERING A LOW-CARBON FUTURE: ECONOMIC SECTORS
Key findings
• The lack of coherence between different policies as they play out at national, regional
and local level makes it difficult to achieve change.

• Financial mechanisms are not well tuned to support energy efficiency improvements
or initiatives on renewables, despite clear financial opportunities for private investors.

• There is a mismatch between the importance of making changes at a local and regional level
and the lack of powers at such levels.

• Existing regulation and historical practices get in the way of the change to a low-carbon
society.

• The economic potential of the new industrial revolution for Scotland could be exploited
more effectively.
This chapter looks at the policy background to different economic activities, summarises the
Inquiry findings, and discusses the implications of the findings. We take the various economic
activities in turn and highlight the key points for each in the hope that this may be helpful to
policy makers. However, the overriding impression is of the similarity of the concerns across the
piece, as indicated by the key findings that underpin most economic activity.

8.1 Finance
Key points
• The juxtaposition of huge renewable energy resources, world-class universities and leading
financial institutions are real advantages for Scotland when the world faces a major shift
away from fossil fuel.

• The scale of finance needed to transform the Scottish and UK economies to a low-carbon
society is challenging. The finance industry should work proactively with government to
create the business environment that will mobilise private finance in support of a low-carbon
future. Establishing the Green Investment Bank in Scotland would reinforce this.

• The finance industry has not developed and deployed instruments to invest in small-scale
enterprises and housing renewal with sufficient urgency.

• The current emphasis on short-term financial returns (three years or less) hampers the flow
of finance to renewables or energy efficiency at every stage of development and deployment,
since payback periods are longer and there is uncertainty over long-term energy policy.

• What public finance is available should be used to encourage private finance for energy
efficiency and renewables in market development, and support for new technologies at
key stages.

• Householders are increasingly exposed to the risk of worse weather damage, partly because
of changes in flood insurance after 2013.

Policy context
Financial services make a significant contribution to the Scottish economy and account for
around 8% of the country’s GDP161. Scotland is a centre of excellence in investment management
with total assets under management estimated at around £650bn. However, the global financial
crisis has affected financial services, particularly banking, with significant changes in ownership
and activities. Output in Scotland’s financial services industry is below the level in 2007 and is
now (Third Quarter 2010) running at around 8% below its peak162.
161 The Financial Services Advisory Board (FiSAB), 2009, The Strategy for the Financial Services Industry in Scotland – Fourth Annual Report April 2008–March 2009
162 The Scottish Government, 2011, Gross Domestic Product (GDP) for Scotland for the 3rd Quarter of 2010.
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In 2008 there were 95,500 people employed in Scotland’s financial services industry161. The
banking sector forms the largest component, with 50,000 people. The country accounts for 24%
of total jobs in life and pensions in Great Britain and has also been a centre of asset servicing (i.e.
back office administration) for close to 30 years.
The scale of finance needed to deliver a low-carbon society in the UK is massive. In the UK
electricity sector alone, more than £110 billion of investment is needed over the next decade,
double the rate of the last ten years163. UK utilities cannot stretch their balance sheets and, at the
same time, commercial banks have limited resources and government finances are also under
pressure. This situation calls out for ingenuity in bringing in new sources of finance164 165. While
policymakers are taking steps to create a positive environment for financiers, the details of new
arrangements, such as the Green Deal and the Electricity Market Reform, are still to be
confirmed, and the new regimes will take time to arrive and bed-in.
Figure 8.1
The role of public financing mechanisms to address financing gaps in the development of a new technology. Source: UNEP, 2009166

Figure 8.2
The mix of finance required to develop and invest in renewable energy technology. Source: UNEP, 2008167

163 Huhne, C., 2010, Electricity Market Reform (Oral Statement to Parliament)16 December 2010
164 Buglass, A., 2010, Stacking up economically, in Scottish Low Carbon Investment Conference 28th September, 2010
165 Wilson, E., 2010, The capital investment programme to realise the renewables opportunity, in Scottish Low Carbon Investment Conference 28th September, 2010
166 UNEP, 2009, Private Financing of Renewable Energy – A Guide for Policymakers
167 UNEP, 2008, Public Finance Mechanisms to Mobilise Investment in Climate Change Mitigation
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Figure 8.2 shows in more detail the public and private financing mechanisms that can be used to
address financing gaps which arise because of the high risk of failure with unproven
technologies. The term ‘Valley of Death’ is often used to describe the difficulties of accessing
commercial finance between the initial investment and commercial roll-out. Essentially, finance
can be provided through loans or selling a share (equity) in the venture, but other tools such as
grants and risk assumption (e.g. insurance) are also important. For example, capital can be raised
through an Initial Public Offering (IPO) on a stock market to raise equity from external investors
or project finance debt from banks to enable further project work.
The diagrams show where public grants or specific subsidies are essential in the development of
new renewable technology. One can conclude that the private sector is capable of providing
finance in more mature stages of commercial development, but is less reliable for ‘early-stage’
finance where venture capital and public sources operate. It demonstrates the need for a potential
sharing of risk at the initial stages between private and public investors, for example, by
providing incentives for private investment in the early deployment of new technologies. A good
example of this is the Government’s £200 million investment in the EMEC test facility for wave
power in Orkney. Another aid to private investment could be to supplement the capacity of the
insurance market, for example, by underwriting the insurance on a prototype installation. The
Inquiry Committee heard of the delay in installing a tidal energy prototype for the lack of just
such a facility168.
At present there is often difficulty in accessing private sector capital for technically proven
renewables and this is especially damaging at a time when public funds are tight. The problem is
the lack of clear financial benefits in the short term and the perceived commercial risk. For
example, there is uncertainty about the capacity and management of the National Grid. This was
demonstrated on a local scale in Westray, where there was a ‘constrained connection’ for a wind
turbine to the grid, increasing the chances of it being disconnected. This increased the risk to
financiers over how much energy would be delivered, and therefore how much income the
project would return over a year. This increased the cost to the community of a 900kw turbine
five-fold.
This problem of securing private finance may be eased by the creation of the Scottish
Investment Bank and/or the proposed new UK Green Infrastructure Bank (Box 8.1). In a
report entitled Unlocking investment to deliver Britain’s low carbon future (June 2010), the Green
Investment Bank Commission concluded that, given the state of the public finances, funding
the transition to a low-carbon economy requires private investment on a much larger scale
than hitherto to deliver the required capital. The Commission suggests that the scaling-up
stage for low-carbon technologies and business is likely to continue until 2020, at which point
they will start to become commercial. Public funding will need to increase up to 2020.

168 European Marine Energy Centre (EMEC), oral evidence to the Inquiry
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Box 8.1 Green Investment Bank
The bank, proposed by the UK Government, would raise money in a similar fashion
to regular banks but would use the profits to fund clean energy and low-carbon projects.
The bank will initially be funded with £1 billion of public investment and could be a
springboard for mobilising further capital from the private sector. It would be particularly
valuable to Scotland if the new institution were to be located here.
The Green Investment Bank Commission (GIBC) has highlighted that over £50bn per year
could be required for clean energy in UK between now and 2020. By contrast, in 2009 the
entire global spend on clean energy and clean technology was £97 billion, of which the UK
share was only £6–7 billion. The market will not be able to finance low-carbon infrastructure
fast enough to meet greenhouse gas targets. Scaled-up government intervention is vital at an
early stage to facilitate an improved flow of public and private capital at an early stage.

GIBC identified the following barriers to investment:

• market investment capacity limits and limited utility balance sheet capacity;
• political risks as government policy determines expected returns and the history of policy
changes;

• confidence gaps among investors given technology risks, lack of transparency in
government policy and high capital requirements for commercialisation;

• the challenge of making large numbers of small, low-carbon investments attractive to
institutional investors. The problem is that modest local projects, for example requiring
debt of less than £20 million, involve the same transaction and diligence costs as large
projects and compete for the attention of a limited pool of qualified staff. To maximise
their effectiveness and the time of their investors, banks focus on larger projects.
GIBC has proposed that the primary focus of the Green Investment Bank should be on
lowering risk for investors, rather than simply providing capital. Its priority would be to
support the areas where maximum impact and speed of implementation can be achieved, for
example, scale investment in energy efficiency, investment in enabling technology, such as
smart grids, and support of both proven and high-impact third-round offshore wind. It
would enable aggregation of small low-carbon projects. It would co-invest with the private
sector as an enabler when opportunities are brought to it, where involvement would
accelerate market activity and where its absence would leave activity unviable.
With regard to timescales, the Commission has suggested:

• 2010–12: mobilisation of large amounts of new investment;
• 2015 onwards: support schemes will be more technology-specific and aligned to the
maturity of the sector;

• by 2020: support schemes for certain technologies can start to be phased out.
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Government can address the main barriers to investment in four ways:

• direct investment – this can leverage private investment many times over;
• reducing uncertainty of returns – establishing coherent long-term regulatory frameworks
provides clarity on cash flows and investment timescales;

• mitigating risks – providing guarantees and insurance facilities that the market will not
provide enables financiers to improve their terms and conditions;

• targeted subsidies – providing them at critical points in a project’s lifecycle to prompt the
market to invest. In addition, removing subsidies for carbon-intensive energy technologies
enables new technologies to establish themselves.
Commercial lenders are beginning to factor in the reputational damage and potential carbon
costs of continuing investment in fossil fuels, but such investment still seems safer than
unproven technologies such as marine power, where there are major issues such as Research and
Development, grid connections and electricity prices. In general, the scale of renewables projects
is still not able to absorb the available capital.
Insurance
With regard to adaptation, it is important to note that there are two insurance issues relating to
climate impacts that will become more pressing: financial exclusion and flood insurance
availability.
Financial exclusion
In terms of financial stress, low take-up of Home Contents Insurance (HCI) is a concern because
in times of emergency, such as flood or storm damage, people without insurance will require
emergency support from the local authorities and this can put pressure on already stretched
services. Additionally, where households have no savings or insurance they may have to use
expensive credit to replace goods that are stolen or damaged169.
Recent years have seen a decline in the traditional insurance distribution channels aimed at lowincome and/or rented-sector households. Despite value-for-money Home Contents Insurance
schemes being available, such as pay-with-rent170, the take-up rates by tenants are low171.
This problem is getting worse172. Penetration of Home Contents Insurance rose steadily until 2005/6,
but has now fallen below the level it reached 10 years ago (see Figure 8.3). In the most deprived areas,
just 53% of households have Home Contents Insurance compared to 60% in 2005/6. Previous
geographical analyses have shown that the problem is concentrated in Glasgow and Dundee173.
Figure 8.3
Proportion of Scottish Households with Home Contents
Insurance. Source: Hayton et al173, 2007; SHS, 2010172

1st Qtr 1999/2000

2001/2002

2003/2004

2005/2006

2009

169 Scottish Poverty Information Unit (SPIU), 2010, Financial Inclusion: Access to insurance. SPIU Briefings No. 3 March 2010
170 In one scheme, a pensioner can get contents insurance for as little as £1 per week (Crichton, 2009).
171 Hood, J., Stein, W. and McCann, C., 2009, Low-cost Insurance Schemes in Scottish Social Housing: An Empirical Study of Availability and Tenants' Participation
Urban Studies 46: 1807
172 Scottish Household Survey, 2010, Ad-hoc Excel Analysis, 12 December 2010.
173 Hayton,K. et al., 2007, Financial Inclusion. A Topic Report from the Scottish Household Survey, Scottish Government Social Research
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Clearly, the policy of both the UK and Scottish Governments to reduce financial exclusion is
not progressing, at least for insurance. One solution could be to extend Housing Benefit to
cover the premium for an insurance “pay-with-rent” scheme. This would help to protect the
most vulnerable people and help the schemes to remain viable by increasing take-up rates. It
would be no less logical than the current arrangements whereby Housing Benefit is calculated
to allow for the cost of pet food for pet owners. There is an emergency loan scheme to help
flood survivors on low incomes to replace their property (the discretionary Social Fund). It is
cumbersome, little-known, with a low take-up and a high default rate. Flood survivors do not
want to take on debt174.
Availability of Flood Insurance
Since 1961, the insurance market has provided flood insurance as an automatic cover within
personal and small business property policies, but this is changing. The Association of British
insurers (ABI) has announced that from 2013, the Statement of Principles on the Provision of
Flood Insurance (2008) will cease. It is no longer sustainable as cross subsidies distort the
insurance market and reduce incentives to invest in flood risk management; already it does not
apply to developments built after 2009175.
The repercussions are likely to be greater in England, since Scotland has managed its flood risks
and urban development better. Less than four percent of Scottish housing stock is at risk,
compared to 9 percent in England, with virtually no new build in hazardous zones since 1995,
compared to 11 percent in England. Scotland has also had a more effective programme of flood
defence and drainage control174.
However, there is a possibility that radical new measures may be introduced to deal with the
flood risk in England, particularly in view of the Government’s announcement that flood
defence budgets will not match the ABI’s expectations175. Since there are no major
independent Scottish property insurers, the temptation may be to apply such solutions
‘broad-brush’ to Scotland. The Scottish Government should be proactive in ensuring that
homes and businesses in Scotland receive appropriate consideration when a new flood
insurance system is designed.

Inquiry responses
The findings of this chapter are based on finance-related evidence from 35 written responses and
12 meetings and involved local authorities, business, government organisations, charities,
environmental organisations and individuals. In addition, the Inquiry Committee hosted a
workshop on 8th June 2010 which focused on the problems of financing renewables and energy
efficiency. The latter meeting included representatives from investors, banks, insurers, the 2020
Group and Edinburgh University Business School. To investigate financial exclusion, special
analyses of insurance expenditure were also provided by the Scottish Household Survey, for
which we are grateful176.

174 Crichton, D., 2009, Chapter 7 Personal lines property business in Coping with climate change: risks and opportunities for insurers ed A. Dlugolecki ,
publ Chartered Insurance Institute (CII)
175 Association of British Insurers (ABI), 2010, ABI Flooding Conference, 20 November 2010, Summary
176 Where appropriate, reference was also made to expert external information sources and peer-reviewed literature.
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Policy issues
• Investors, land owners and managers are sensitive to uncertainty about changes in future
policy. A ten-year horizon should be the aim, rather than three or five years.

• Policy must remain consistent. The recent change in the subsidy for renewables in Spain has
had a chilling effect on investment, while altering the rules for the use of the Carbon
Reduction Commitment to make it revenue-generating rather than revenue-neutral was
damaging and just the type of rule change that undermines business and investor
confidence.

• Are energy policies well-aimed strategically? As the Stern Review (2006)177 observed, it is
much better to avoid the need for energy consumption by improving end-use efficiency,
than simply switching to renewables. Again, microrenewables are less efficient than larger
installations and land-based wind turbines produce electricity at lower cost than marinebased ones.

• It is often stated that the prime obstacle to cutting energy use is the lack of financial
incentive, but this is by no means so. Lack of knowledge and understanding play a major
part, and the existence of multiple-link supply chains makes it difficult for single actors to
change behaviour.

• Incentive schemes such as Feed-In Tariffs and Renewable Obligation Certificates, subsidies
for insulation and energy efficiency measures, renewables, and landfill tax are beneficial. In
addition to economic benefits, they make practical actions feasible at an individual level and
encourage wider engagement and behaviour change. It is important though that incentive
packages are consistent, joined-up and sustained. The proposed Electricity Market Reform
measures and Green Deal are to be commended.

• There is potential to develop environmental markets in Scotland. The principle of these
markets is that land managers would be paid to provide public goods and services, for
example to maintain or restore peat in order to sequester carbon, maintain water quality and
mitigate flood events (SRPBA, SEBG). Work in this area is ongoing and the challenge is to
involve the private sector.

• Consumer advice needs to factor in the need to explain that cheapest now is not necessarily
best now, when life-time costs are considered as a whole.
Opportunities
Institutional investors identified a number of opportunities.
• While a rising carbon price will take care of many of the issues eventually, in the short term
there is an opportunity to position ourselves strategically in preparation for that situation.

• There is a need to think longer term about investment risk, possibly through longer
mandates and deferred performance bonuses e.g. spread over three years or longer. The
Scottish financial sector is well positioned in this respect, being distanced from the
pressures from major trading markets, and having a large number of pension funds and life
insurance companies which have an interest in managing affairs over the longer term.

• There are opportunities in forestry, energy efficiency and renewable energy, but there
need to be initiatives to allow investors to capitalise on these.

• The Scottish investment community could build on its familiarity with emerging markets
and its reputation for strategic thinking, to set an example. The fact that the Scottish
Government is recognised as being a leader on carbon reduction targets re-enforces this.

• Whatever the doubts about climate change, energy efficiency is a valid commercial goal in
itself.
177 Stern, N., 2006, The Stern Review on the Economics of Climate Change, Cambridge University Press
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Bankers identified that:
• renewable energy has great potential for the future, but only limited capacity to absorb
investment currently;
• there is a growth path for ‘green banks’ (Triodos , 2011)178. The current conventional cost of
borrowing capital is high, due to banks rebuilding liquidity. However, this also means savers
receive very low returns. A key opportunity could be to channel private savings into green
lending institutions, where the return for the saver might be higher, and the costs to the
borrower lower. Savers also have the additional element of ethical finance, and less risk of
involvement with volatile international capital markets. This could be part of a move to
finance local communities on green energy projects.
Barriers
Institutional investors and bankers noted a number of barriers.

• It is difficult for mainstream investors to invest in promising areas because of factors such
as: (a) the company is not listed; (b) the project is too small; (c) the risk of changes to
government policy/regulation is too high; or (d) the company management is blind to risk.

• Many investors are too small to afford the staff to look into the new investment
opportunities from renewables or to give much scrutiny to the climate change credentials of
their investments, given the many other large issues they face.

• There is a chain of actors in the investment process (trustees, consultants, asset managers,
researchers and regulators) and each needs to be aware of the opportunities and risks from
climate change. This has implications for training and development.

• The potential for government policy changes connected with market interventions, not to
mention scientific uncertainty, puts investors off investing in many low-carbon technologies.

• Expectations of a short-term return on an investment remains a significant barrier. In the
case of renewables the problem is aggravated by the high upfront capital costs compared to
the relatively low running costs of operation.

• There is a shortage of insurance products to cater for the unique risks that face renewable
energy installations due to their novel hardware and resource features179.

These issues mirrored the findings of a previous project 180 which also identified that the quality
and flow of information on carbon intensity need to be improved. This could be assisted by
regulatory guidance that climate change is a material issue for corporate reporting.
Barriers specific to banking are:
• conventional banks are focused on rebuilding their capital and avoiding risk;
• customers are wary of commercial banks offering green products. RBS had piloted a solar
mortgage in Northern Ireland, with the bank supplying solar PV panels as part of the
mortgage, but only ever received one customer (RBS).
Barriers to property investment/ownership are:
• lack of clarity in the property sector in respect of the rights of and constraints on landlords
in enforcing mandatory building improvements or emissions standards in properties with
tenants. It is not clear that all leases give landlords the right to implement changes. This
landlord–tenant dynamic also affects the Carbon Reduction Commitment, with the costs
falling on the owner if it is the named energy customer rather than the energy using tenant
(e.g. Forth Ports).
Importantly, these are the views of people already knowledgeable about climate change and
finance. In the wider investment community these barriers to action are complemented by
confusion about the science and lack of analytical capability181.
178 Triodos Bank (2011) Record year for lending growth. Press release 19 January 2011
179 Coates, I., and Hall, C., 2009, Chapter 12 Energy in coping with climate change: risks and opportunities for insurers, ed Dlugolecki, A., Chartered Insurance Institute.
180 Dlugolecki, A. and Mansley, M., 2005, Asset management and climate change.Tyndall Centre for Climate Change Research Technical Report 20
181 UNEP, 2002, Climate Change and the Financial Services Industry, Geneva, 2002
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Implications of the Inquiry findings
Investment in energy efficiency
A core challenge for capturing energy efficiency opportunities has been the opportunity costs of
investing in energy efficiency compared with other investments with perceived higher returns; there
is a need to improve the availability of capital for efficiency investments. This is likely to involve
financial models that share the risks and benefits between asset owners and energy service companies.
We need innovative financial models to drive these investments in energy savings and to generate a
predictable income stream over a given period. This requires new or adapted asset classes with returns
over 10–20 years; conventional banking finance is largely inappropriate for such investments, since
it is based on a payback period that is much shorter than the life of the underlying asset.
Such financial models need to separate out the different risk factors (planning, construction,
technology, operating, regulatory) and lower the risk for the investment community. There might be
a role for securitised assets (e.g. climate bonds) if the underlying asset could be effectively monitored.
There must be a move to a system where property value reflects the running costs in some way. This
could be based on an energy performance certificate, and enforced at the time of construction, sale, or
major modification. Offering grants to buyers and sellers to improve energy efficiency when houses
are bought and sold is likely to be the most effective. Rateable value might be another tool, but not
enough on its own, since domestic renovations cost many times the annual rateable value of a property.

The new Green Deal proposals under development by the Department of Energy and Climate
Change (DECC)182 have the potential to address many of these problems. There is work under
way in the Scottish financial community to develop financial products (e.g. securitised bonds) to
support commercial Green Deal financing; and to explore large scale roll out of Green Dealfinanced energy efficiency investment for commercial real estate portfolios.
Finally, stronger requirements for carbon disclosure and exposure to future energy price risk by
companies might create incentives for investment in energy savings.
Practical measures for energy efficiency
In view of the pressing need to introduce a step change in improving energy efficiency in homes
and small businesses if Scotland is to meet its emissions targets, it is worth focusing on practical
solutions to providing finance. Ideally, whole-life costing would become the recognised
methodology, but this would require a major paradigm shift in accountancy and financial
practice. As a first step we recommend focus on the following initiatives:

• Pay-as-you-save facilities provided by local authorities or appointed agencies for energyefficiency improvements. The Energy Saving Trust believes that people are willing to take up
unsecured loans if they are promoted by organisations they trust. In Germany, green banks
used international capital markets with long-term loans, underpinned by governmental
financial support, to invest in upgrading properties. There may be an opportunity for a new
partnership of stakeholders to develop this market, as for example in the RBS initiative in
Northern Ireland to include energy efficiency measures in the mortgage.
• Low or interest-free loans for energy efficiency improvements for SMEs.
• Certification schemes for all levels of property, commencing with new build, but progressing
quickly for existing buildings, possibly at the time of sale, or of major alterations. The private
sector has specific types of need, for example in the case of ex-council houses in private
ownership, and also privately rented accommodation. Tailored programmes from Energy
Service Companies (Box 8.2) could address the former, while mandatory standards for Energy
Performance Certificates would cater for the latter.
• Special treatment of carbon-reduction capital expenditure in budgetary control, for example
by permitting an overspend equivalent to the estimated running costs saved in the first ‘n’
years of operation.
• Longer payback or depreciation periods for public-service expenditure aimed at reducing
emissions.
182 DECC, 2010, The Green Deal: A summary of the Government’s proposals.
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Box 8.2 Energy Service Companies (ESCOs)
One interesting policy in USA has been to encourage the private sector to provide energy
efficiency services and products, through specific incentives or regulations around
performance contracting, or programmes supporting commercial utility activities in this
area. ESCOs are generally companies which offer energy demand reduction services, often
financed through so-called ‘performance contracting’, where the energy savings generate
cash flow which pays for the installation of the equipment and a margin.

The Green Deal proposed by DECC, with a commencement date of October 2012, looks very
promising in this context. The UK Government is establishing a framework to enable private
firms to offer consumers energy-efficiency improvements to their homes, community spaces
and businesses at no up-front cost, and recoup payments through instalments charged on the
consumer’s energy bill. The intention is that the Green Deal provider will offer a Green Deal
plan to customers, which enables them to finance work recommended by an accredited adviser
and undertaken by an accredited installer.
Investment in low-carbon energy technologies
The Scottish financial community has considerable experience of global investment and the
question is how best to harness this capacity to drive low-carbon investment? There are examples
of success in this field, as for example in the work of green banks in Germany that use
international capital markets with long term loans, backed up by €1.5 billion security from the
government a year, to invest in upgrading properties. In the case of Scotland the Inquiry
Committee saw how long-term, low-interest loans from ‘green banks’ (Triodos, Co-op) triggered
successful renewable initiatives by the Comrie Development Trust and Westray Development
Trust (Boxes 9.3 and 9.4). However, currently this approach is not mirrored in high street banks
in the UK.
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There are likely to be many different solutions, but there are clear priorities.

• A continued need for a coherent, long-term framework for market interventions, since the
relative cost of energy technologies is critical. Opportunities exist to invest in technologies that
lower costs of supply of alternative energy sources, but stable regulatory and pricing
frameworks, such as feed-in tariffs are crucial. A higher and more stable carbon price would
drive investment in low-carbon infrastructure. The recent announcement on Electricity
Market Reform is a positive step to address these issues.
• De-risking the investments by the investment sector is also crucial for new technologies;
investors need a much clearer idea of the returns they will receive. The need to separate out
different elements of risk (planning, construction, operating, etc) is also important for
low-carbon technologies. Examples include zoning and land use planning for the distribution
of renewables and for facilitating developments in district heating and combined heat and
power (CHP).
• A government-backed ‘green loan fund’ could address barriers to capital investment and
perceived risks. Some underpinning infrastructure, such as that required to charge electric
vehicles, may emerge without government intervention through market demand.
• Public-private hybrid finance is likely to be essential to bridge the ‘Valley of Death’ from
research base and proof of concept to a scaled-up working model.
• Setting up local consortia to undertake renewable energy projects. This requires three types
of finance, namely: Start-up, to design in detail and obtain consent (this is risky, so needs
100% local funding); Shareholder finance (possibly as little as 20% of total funding); and
Gearing – bank loans, bonds etc, for the remaining 80% of capital.
• Templates for new financial instruments such as contracts for smaller investments to act
as an enabling mechanism.
Recommendations
Given the confluence in Scotland of both leading financial institutions and world-class
universities, and the huge potential for energy-efficiency measures and renewables, there is a
clear opportunity for the finance industry to take a lead in creating a low-carbon economy.
In the light of these advantages we highlight the following:

• The finance industry should work proactively with government to create the business
environment that will mobilise private finance in support of a low-carbon future.
Establishing the Green Investment Bank in Scotland would re-enforce this.
• The correct policy environment is essential to encourage the flow of private capital, since this
is an issue that requires public/private collaboration. In particular, a credible portfolio of
policies is required that everyone agrees will deliver public emissions targets. Measures like
the Green Deal and Electricity Market reform should be enacted as soon as possible.
• Tactically, we suggest that public finance is best used to lever additional private finance,
rather than for multiple, short-term and small-scale grant schemes, which add complexity.
Two areas are key:
(a) promoting instruments to finance small-scale renewable initiatives and improvements
in energy efficiency for households, returns on which may take a decade or more.
(b) encouraging private investment in renewables to overcome the high start-up costs,
where it may take up to a decade to bring financial returns on a project.
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• Institutional investors need to overhaul the asset management process to de-emphasise
short-term priorities e.g. by setting strategic priorities on the basis of the long-term
environmental, social and governance risks, rather than just short-term factors, and by
developing investment mandates, performance assessment and bonus arrangements that
support this.
• Commercial banks should seek to develop new climate-responsive market instruments, such
as securitised green bonds (to support wind asset investment), Green Deal projects and ESCOs,
private finance initiatives and green mortgages, with products which recognise the need to
balance long-term savings with short-term capital costs.
• Social banks should take advantage of market conditions to grow their business by offering
competitive terms for depositors, which will provide attractive terms for finance for
climate-friendly borrowing.
On insurance issues, The Scottish Government should work with the ABI and insurers:
(a) to ensure that homes and businesses in Scotland receive appropriate consideration when a
new flood insurance system is designed in 2013;
(b) to review its policy to reduce financial exclusion which does not appear to be succeeding,
at least for insurance; and
(c) to promote the development of insurance products for renewables.
Finally, the Inquiry Committee commends the creation of the Finance Committee of the 2020
Group which is examining these issues and we look forward to their recommendations.

8.2 Energy
Key points
• There is an urgent need to support community efforts to secure local low-carbon
•
•
•
•

and renewable energy.
There is a mismatch between national policy statements and the practical local delivery
of low-carbon initiatives.
There needs to be impartial information on costs (social, environmental, economic)
and return on investment in different forms of energy generation.
Scotland should do more to capture the value of its intellectual capacity and research
and development.
The optimal exploitation of renewable electricity in Scotland requires strategic thinking
about the national grid and particularly links across the North Sea; it is not clear that
the different perspectives at Scottish, UK and EU levels are integrated effectively.

Policy context
Approximately 26% of total energy use in Scotland is provided in the form of electricity; the
remainder comprising energy for heat and for transport183. However, public electricity
generation has been in the vanguard of efforts to decarbonise energy supply. The Scottish
Government – like the UK Government – seeks to transform public electricity supply by
decarbonising it over the next 20 years. The measures needed to deliver this outcome are184:
• increase in energy efficiency of products and appliances;
• increase in renewable sources of electricity, including large-, small- and micro-scale
developments; and
• decrease in carbon intensity of any remaining thermal generation, through the use
of carbon capture and storage.
183 Scottish Government, 2008, Energy Policy: An overview
184 Scottish Government, 2009, Climate Change Delivery Plan
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The public supply of electricity (and other energy intensive industry) is largely within the “traded
sector”, which means that fossil-fuelled power stations are within scope of the EU Emissions
Trading Scheme. The “traded sector” is an EU-wide scheme that caps and reduces emissions from
participants in their totality, but deliberately does not specify where the emissions reductions
must take place; this is left up to participants. The EU Emissions Trading Scheme will produce
the biggest emission reduction of any policy tool in Europe, equating to ~500 million tonnes of
carbon dioxide equivalent per year across the 27 member states between 2005 and 2020. In 2008,
the traded sector represented over 55% of carbon dioxide emissions in Scotland, and 43.2% of total
greenhouse gases185.
To provide a fair way of accounting for emissions reductions within schemes such as the EU
Emissions Trading Scheme, annual emissions allowances or the rights to auction annual
emissions allowances are allocated pro-rata to participating countries, instead of measuring
emissions from participants at the end of the year. In terms of emissions accounting, this means
that Scotland is allocated a fixed reduction in “emissions” per year through to 2020, which
reflects the overall reduction in emissions from all participants pro-rata for Scotland. Under the
internationally agreed accounting conventions used in the Climate Change (Scotland) Act 2009,
Scotland has no capacity to change the trajectory of the emission reductions assigned to the
traded sector, which is set by rules agreed by the European Commission and Member State
Governments. Shutting down fossil-fuelled power stations will not change this trajectory, which
is set by the availability of carbon allowances across Europe.
One outcome of this internationally-agreed accounting system is that increasing renewable
capacity in Scotland does not, in itself, reduce greenhouse gas emissions, since this process simply
frees up emission allowances which can be used by other industry across Europe. In other words,
the current focus on increasing renewable electricity generation – the target is now 80% of net
consumption from renewable electricity by 2020 – does not help Scotland meet its near-term
emission reduction targets, though it is likely to underpin potential emission reductions from
other sectors, such as the transport sector, in the medium term.
Since large-scale electricity supply already operates under a carbon-capped framework set at
European level, as well as renewables pricing frameworks set at UK and Scottish levels
(Renewable Obligation Certificates and Feed-in Tariffs), the focus on electricity supply in
Scotland has been on developing the renewable electricity supply chain; innovation around new
renewable electricity technologies; and developing the planning and operational framework for
carbon capture and storage. Provisions for future nuclear power stations are not part of current
Government plans, but are being taken forward at UK levels.
Scotland currently sources its electricity from two nuclear plants, two coal plants, one gas plant
and assorted renewables, dominated by hydropower and onshore wind. In 2009, Scotland
produced over 51 TWh of electricity, though it only consumes around 40 TWh, the remainder
being exported186. One of the two nuclear plants – Hunterston – and one of the two coal plants –
Cockenzie – will close by 2016, with a proposal to repower Cockenzie as a Combined Cycle Gas
Turbine (CCGT) power station. Major developments that are occurring at present include the
planned fitting of carbon capture and storage (CCS) technology to Longannet. Longannet is the
only remaining bidder for UK Government funds of around £1bn to support the first full scale
pilot project of CCS in the UK.
Scotland has also seen a rapid rise in renewable-sourced electricity, largely from onshore wind,
currently with over 4.3 GW of installed renewable capacity. In 2009, this equated to ~21% of total
electricity generation and over 27% of Scottish electricity demand. With a further 1 GW of
renewable electricity generation under construction, 6 GW in planning or having been granted
planning consent, and another 10 GW proposed capacity, the focus has shifted to the
opportunities for offshore wind, and other marine technologies. It is currently anticipated that
up to 1.6 GW of tidal and wave power generation will be available by 2020187.
185 National Atmospheric Emissions Inventory, 2010, Disaggregated emissions inventory for England, Scotland, Wales and Northern Ireland
186 DECC, 2010, Energy Trends 2010, Total amount of electricity generated and consumed in Scotland: 2000–2009
187 Scottish Government, 2010, A low carbon economic strategy for Scotland p48
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Inquiry responses
Since the development and deployment of large scale renewable electricity supply has been at the
heart of government efforts to establish a low-carbon society, it is not surprising that this issue
was widely discussed by Inquiry respondents. These responses reflect on the challenges associated
with a large scale transition from fossil fuel and nuclear generation of electricity to renewables
and carbon capture and storage technologies, but also on the opportunities that are currently
being missed at smaller, local or community scales.
A number of respondents conflated electricity use with energy use, though electricity comprises
only around one quarter of total energy consumed in Scotland, substantially less than both heat
and transport energy consumption. Inquiry responses on large scale public electricity supply
suggested key concerns about:

• the (in)ability of intermittent renewable sources of electricity to replace the current fossilfuel and nuclear power stations; this was often expressed as concern at the impending
“energy gap” between future intermittent supply and expected demand for electricity in
coming years, as thermal and nuclear power stations came to the end of their planned lives;

• the overall cost of the transition to an electricity system dominated by renewables;
• the effect of renewable infrastructure on the visual amenity of the Scottish countryside; and
• the removal of nuclear power from among the possible options available to Scotland to
decarbonise its electricity supply.
The leading role assigned to wind-generated power in the future Scottish electricity system was a
particular issue to a number of respondents. These concerns reflected:

• distrust in the ability of wind-generated power (in particular) to lead to effective reductions
in greenhouse gas emissions. This was both because of the perceived need for substantial
backup generation using fossil fuels and because of uncertainty about life cycle costs of wind
farms, whether in terms of locating them on carbon-rich (peaty) soils or the carbon costs of
manufacturing the turbines;

• contested views about the overall costs of wind power versus other sources of electricity
production. Quoted figures rarely compared like with like, reflecting diverging views about
capital and operational costs; future fossil fuel prices; the scope of life cycle costs; and future
cost reductions in renewable infrastructure;

• concern at the detrimental impact of renewable electricity infrastructure on the
‘industrialisation’ of the Scotland’s landscape. A number of respondents related this
detrimental impact to the lack of a locational strategy for renewable energy, leading in their
view to opportunistic and ad-hoc developments that may erode Scotland’s landscape assets.
Responses regarding thermal power generation were largely concerned with:

• the absence of nuclear power from the Scottish electricity mix;
• the likelihood (or not) of carbon capture and storage (CCS) technologies being ready and
implemented at an acceptable cost by the 2020s.
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Whilst some respondents articulated concerns with current plans for moving to a near-zero
carbon electricity system dominated by renewable sources of electricity, many other respondents
focused on the opportunities associated with this transition. These comments reflected on how to
overcome barriers and on the current missed opportunities for implementing renewable
developments more quickly. In terms of overcoming the barriers to delivery of a near-zero
carbon public electricity supply, inquiry respondents suggested that:

• improving the grid infrastructure and management was critical to meeting such targets;
• financing remained a core concern, particularly how to encourage mobile international
capital to be invested in Scotland;

• planning issues continued to constrain effective development of new infrastructure;
• the opportunity for communities to benefit from renewable electricity developments
was poorly communicated and understood: indeed, a common thread from respondents
was that local communities need to derive direct benefits from any local renewable
electricity infrastructure through, for example: community funds; changes in local business
rates (to benefit the local council); community investments; and employment benefits.

• Energy efficiency remained the poor cousin of renewable electricity generation.
Yet managing demand is critical for delivering a low-carbon smart grid.

Implications of the Inquiry findings
The implication of these Inquiry responses strongly suggests that while the development of
renewable electricity in Scotland can be regarded as a success story of recent years – with >27%
electricity consumption from renewables in 2009188 and rising fast – future development
requires more nuanced focus on specific barriers.
Vision
The vision for a zero-carbon smart electricity grid, built on extensive exports of renewablesourced electricity, with effective demand management and effective energy storage (using
electric vehicles, enhanced pump storage and/or other solutions), is often asserted; the specific
steps to delivering this vision remain obscure. In particular, there is a need to articulate more
clearly the year-to-year implications of the chosen pathways towards low- or zero-carbon
electricity supply. This includes explaining what generation options are available to match
supply with demand (including the role of imports and exports in a grid dominated by
intermittent supply); cost and financing options; the carbon implications and benefits; and the
necessary changes required in the grid and in national planning frameworks. The issue of
whether we are building a grid for achieving the UK reduction targets or one that permits the
optimal development of Scottish renewables is an issue returned to in Chapter 10.
Local Communities
Ensuring much clearer benefit to local communities of renewable electricity developments is
poorly articulated. The Inquiry heard from individuals who had successfully installed a turbine
or a small number of turbines near their community and from individuals who had failed to
overcome barriers to installing turbines near their community. In the latter case, it was clear that
barriers to development included (a) transaction costs, such as the number of legal documents
required for a community development; (b) disagreements within communities; and (c)
opposition from environmental groups and organisations.

188 DECC, 2010, Energy Trends
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A clear outcome of the Inquiry is that the regulatory and legal frameworks for developing
community electricity generation, such as seeking to install one or a small number of wind
turbines, must be refashioned around the needs of communities, if they are to benefit from the
emerging energy revolution. Community cohesion over these issues is hard won and temporary.
Objectors, whether individuals within communities or external organisations, know that they
can block momentum and ensure nothing is done by stalling agreement for periods as short as a
few months. As a result, once assent has been secured, communities need to move fast to take
advantage of this temporary situation. Unfortunately, the system is stacked against speed. The
regulatory system needs to work to favour of communities who achieve cohesion over these
issues. Figure 8.4 shows what can be achieved at a local level.
Figure 8.4
The turbine installed by Westray Development
Trust provides electricity and income but it
involved 800 legal documents.
Source: Westray Development Trust.

Microgeneration
Whilst respondents noted many opportunities for community-scale renewable electricity
developments, many also commented on the need not to oversell microgeneration. The payback
for household electricity production is often long, and not necessarily economic at delivering
low-carbon energy (for example, some micro-wind turbines). Conversely, the financial
attractiveness of the current Feed-in Tariff suggests that it might create asset bubbles in
particular technologies, as has been demonstrated in Spain with solar technology, making it
unsustainable in the longer term. The need for effective, simple calculators to be widely available
for understanding cost/carbon payback is crucial. Often, one of the key challenges for
microgeneration is reducing the transaction costs of purchasing and installing such
infrastructure. In the words of one respondent, we need “plug and play” technology. This will
require revisiting regulations to ensure de minimus limits below which developments are assured
to go ahead, coupled with technology innovation to reduce installation costs.
Energy efficiency and demand management
There is widespread perception that successes in developing renewable electricity production are
hiding failures in delivery of energy efficiency and demand management. Whilst plans are afoot
to deliver smart meters to homes, there appears to be a mismatch between the anticipated rate of
roll out and use and the expected benefits arising from their effective application. In particular,
the need to be able to manage demand from household appliances, either locally or remotely,
appears to remain some way off. The planned role out of demand management tools, such as
smart meters, must be coupled with effective information about pricing and the financial
benefit to householders.
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Grid
Delivering a near-zero-carbon public electricity supply will require a major overhaul of our
current electricity grid system. It is well understood that we need to improve and enhance the
grid to make it fit for two-way distributed flows of electricity. OFGEM recently announced
plans to invest £6.7 billion in grid upgrades to 2015, paid for by a levy on consumer bills of £4.30
per year189. Wider EU plans to create a super-grid across the North Sea are also being discussed:
the European Commission proposes to establish a plan for the development of “electricity
highways”, the first of which could be commissioned by 2020. These would include lines to
transport offshore wind power from the North and Baltic Seas to major consumption
centres190. However, it is unclear whether there is serious effort at UK level for planning,
financing and constructing a grid which simply meets the UK’s renewable electricity targets, or
permits the optimal development of Scottish renewables for export to the European mainland
with access to Norwegian pump-storage generation in times of intermittent calm.
Finance
A key element for delivering the vision of a zero-carbon grid is that the national policy
framework must be sufficiently attractive to secure mobile international finance. The need to
attract international finance was addressed in a recent Scottish Low Carbon Finance conference
in Edinburgh and is considered in more detail elsewhere in this report (see Chapter 8.1). The
Renewable Obligation Certificate scheme has provided sufficient incentive to finance onshore
wind; it remains to be seen whether it, or its successor, will be sufficient to deliver the huge
potential offshore wind resource. Similarly, Feed-in Tariffs appear an effective means of
attracting private finance into domestic renewable electricity generation; the challenge will be
to ensure it is a viable long-term option which does not create asset bubbles.
Planning
The perceived hindrances of the planning system both for and against the delivery of
renewable targets were discussed by many Inquiry respondents. Some complained that
Government agencies, such as Scottish Natural Heritage (SNH), had a presumption against
development, or that the planning process hindered progress in delivering a low-carbon society.
Conversely, agencies, such as SNH, advised the Inquiry that it offered conditional approval for
three-quarters of all planning applications for onshore wind farms; objections were typically
based on conflicts between development and specific land use classifications. Government
agencies suggested that a system of prior engagement with developers was leading to much
more effective processes for delivering appropriate renewable electricity developments.
While the balance between renewable infrastructure and visual amenity of our environment
will always remain contested, we clearly need a planning system that encourages and enhances
effective exploitation of Scotland’s renewable resources. Respondents suggested that some of
these conflicts could be resolved by much more effective “buy-in” by local communities,
through ensuring that local communities benefit extensively from local renewable
infrastructure in the form of equity stakes or revenue generation. This also presaged a wider
issue concerning the mismatch in views between the impact of climate change in Scotland and
the likely “costs” associated with an energy transformation. Many respondents argued that we
need to stop presenting climate change as a challenge and instead present it as an opportunity
for communities, for jobs and revenue. The concern of some respondents was that attempts to
keep rural Scotland conserved would damage the social fabric inexorably where the “…city
dwelling naturalist community will visit utter destruction on the rural economy” by stopping
development191.
189 The House of Commons Energy and Climate Change Committee, 2010, Second Report The future of Britain’s electricity networks
190 European Commission, 2010, Energy 2020 – A strategy for competitive, sustainable and secure energy
191 Mr Derek Louden, 2010, evidence to the Inquiry
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Thermal and nuclear power generation
The Inquiry responses on thermal generation reflect the fault line around use of nuclear
generation in Scotland. Different respondents argued for the need for nuclear power, either as a
key component of Scottish-base load electricity generation, or because it is perceived to be a much
cheaper way of generating low-carbon electricity than renewable forms of electricity. This debate
suggests the need for provision of clear, trusted information on overall costs of energy generation
(and waste removal) and return on investment. One opportunity for introducing clarity into the
debate arises by seeking to ensure that like is compared with like: often quoted figures did not
compare life-cycle costs, or made presumptions that costs of fuel would be static through time,
despite recent volatility. Seeking to make clear what assumptions are involved in different cost
estimates would be helpful. DECC is experimenting by putting on the web a tool for examining a
range of paths to a low-carbon society (DECC 2050 Calculator Tool).
The role of carbon capture and storage was less contentious in Inquiry responses, though a number
cautioned against the current expectation that the technology’s technical and cost uncertainties
would be overcome by 2020, with roll-out to all fossil-fuelled power generation by 2030.

8.3 Other industry
Key points
• Progress of large organisations towards a low-carbon society will accelerate when
the Carbon Reduction Commitment begins to bite in 2012.

• SMEs are responding bi-modally. A few are building adventurously on the new
opportunities, but others regard action on climate change as a distant or low priority,
even when it would reduce costs.

• Scotland’s strong research base could be exploited more effectively.
• Tourism will benefit from the view that Scotland is ‘green’ and successfully implementing
a low-carbon society.

• Public antipathy to genetically-modified crops is holding up progress in agricultural
businesses.

Policy context
The underpinning drivers to reducing carbon emissions from industrial enterprises are reducing
energy costs and the reputational/sales advantage of being seen as environmentally aware and
green. This applies to all sizes of companies in all spheres of business. The Inquiry Committee was
impressed by the activity of several organisations, ranging in size from British Telecom to a single
bed and breakfast establishment, that had been improving energy efficiency for years (Box 8.3).
A step change will occur in 2012–13 with the full application of the Carbon Reduction
Commitment (CRC), the UK’s first mandatory carbon trading scheme. The scheme covers ~5.000
large non-energy-intensive businesses and public sector organisations, involving industry,
retailers, banks, water companies, hotel chains, local authorities and universities. The scheme is
compulsory for organisations using more than 6,000 MWh/yr of half-hourly metered electricity,
which is the equivalent of annual electricity bills of ~£500,000. In 2012–13 companies will be
required to buy carbon allowances to cover their electricity consumption and will measure and
record their energy use and calculate their CO2 emissions (excluding transport). The scheme will
be backed up by the creation of league tables comparing the performance of different
organisations, with the express aim of encouraging those lagging behind. When first designed, the
scheme was revenue neutral, but in the light of the Comprehensive Spending Review of 2009, the
proceeds now go to the Exchequer.
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Inquiry responses
It is particularly relevant to discover the barriers from organisations where there are strong
economic reasons for moving to a low-carbon society. In the words of the Scottish Council for
Development and Industry (SCDI), “Most businesses can reduce consumption CO2 and costs by
around 30% through low- or no-cost improvements.”192 Given such an economic advantage,
what are the barriers preventing or slowing down change? Below we list the barriers identified
as affecting society in general and then those affecting large organisations, and SMEs.
General issues raised include:

• the difficulty of getting investment in infrastructure of long-term environmental value,
such as high-speed broadband (BT), and such common-sense energy-saving arrangements
as freight consolidation centres on the outskirts of cities (Road Haulage Association);

• avoiding gold plating standards for goods and services which have been set by the UK or EU.
“Industry is forced to devote significant resources to complying with a wide range of
schemes, which, through a more enabling approach, would be better directed to carbonsaving measures.” (SCDI). For example, the co-products of the food and drink industry
should be classified as renewable fuel and not as waste.

• Society attitudes. The public distrust of genetic modification (GM) is delaying measures
to cut agricultural emissions, for example, in crop breeding and minimising the emission
of methane from livestock (Quality Meat Scotland).
There were barriers specific to large organisations:

• an important difficulty arises when the CRC liability for electricity is applied to a company
that has limited control over the electricity consumption of its tenants who have
responsibility for their buildings. This arises in the case of the Forth Ports PLC which will
incur the costs of electricity used by its tenants. These costs are four to five times more than
those of the host company and yet the energy efficiency of the buildings and practices are in
the control of the tenants. Clearly, there is a danger that the ranking and reputation of the
host company suffers because of the practices of the tenants.

• Another barrier is the fear of losing the manufacturers’ warranty on large plant and
machinery. Often there is potential to retrofit energy saving devices, for example to ship
engines, top lifters, straddle carriers, but the effect is to lose the warranty cover (Forth Ports
PLC). This barrier prevents moves towards greater fuel efficiency.

• Lack of sufficient meaningful incentives for industry to decarbonise or become more
resource efficient. For example, we heard of a scheme in which Sainsbury’s installed
state-of-the-art refrigeration in order to reduce carbon emissions in stores across the UK.
This was part of their plan to design stores fit for purpose in 20 years time. The technology
and installation had to be imported from overseas and the company had to invest heavily
in training their own engineers for future maintenance. This example raises doubts
“around the UK’s ability to service a new and growing ‘green’ economy” (Sainsbury’s).
The Inquiry found that the response of SMEs to the reduction of carbon emissions was bi-modal.
Some SMEs are models of how small companies have the agility to respond quickly and
innovatively to an emerging opportunity. In other cases climate change has yet to register. Here
we highlight two examples of how SMEs have taken advantage of the opportunities opened up
by the move to a low-carbon society. One is a new business, the other a long standing farm
business. There are other examples we could have used, but these serve to flag the scale of the
opportunities available.
192 SCDI, written evidence to the Inquiry, 2010
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An example of a new small hi-tech enterprise is Scottish Bioenergy (Box 8.4). It holds a patent on
a method of using algae to consume CO2 in order to produce proteins and biofuels. This is an
excellent win–win example of taking an unwanted product (CO2) and using it to produce
something we need (fuel and protein). The process can be free standing or coupled to an existing
source of CO2 and, for example, in this case it has been linked to a whisky distillery. In the
conclusion to a presentation in 2010 the company recommended that small companies work
with “…grossly underutilised universities…”.
Another inspirational example is of a farm business adapting to change and opening up a new
way forwards. Mackie’s is an example of a dairy farm that decided to use surplus cream to make
ice cream on site (Box 8.5). Constructing three wind turbines, the business was able to expand its
business whilst at the same time transforming its previous electricity costs into a source of
income. In yet a further win–win situation, the business then holds the advantage of being able
to sell its products as being genuinely green.
In other fields, SMEs are finding it harder to implement the cost savings that come from energy
efficiency. In the field of road haulage, 95% of businesses have less than ten vehicles and we
heard that their economic survival in the face of rising fuel costs is likely to remain the top
priority for some time. Indeed, “Climate change issues will only come to the top of the pile when
the majority of customers demand carbon footprint adherence in awarding haulage contracts,
and are prepared to pay extra for it!” (Road Haulage Association). The Chamber of Commerce in
Inverness told the Inquiry that low-carbon issues were not seen as a priority among Highland
SMEs and that it was even difficult to attract people to events on how to best to implement
change when there was so little interest. This is especially important in the Highlands and
Islands, since so much business is carried out by SMEs. One barrier that came up in the Highlands
was the difficulty of running a small business without access to high broadband speeds.

Implications of the Inquiry findings
The progress of large organisations towards greater energy efficiency will accelerate when the
CRC begins to bite in 2012. The main implications from the Inquiry is that there is a case for
ensuring that organisations are in control of the resources and actions required to adapt to the
legislation (and this does not seem to apply in the case of Forth Ports PLC and possibly other
organisations). And it was notable that once again, we came across the risk-averse nature of
society, in this case in terms of not permitting modifications to existing engines under warranty.
There are several implications for the role of small and medium-sized enterprises (SMEs). SMEs
are the life blood of the economy and have the potential to adapt quickly and to innovate.
Moreover, they are widely distributed and offer jobs throughout the land. Perhaps there are three
main implications to arise from our findings:

• Scotland has the sort of research base that competitor countries envy. There are more
universities than is normal for the population size, the universities rank highly in the world
league tables, and, through the various university pooling initiatives, new companies have
access to the best research, wherever it is in Scotland. The Inquiry felt that more could be
made of this to attract innovative start-up companies from overseas and within the UK.

• The example of Mackie’s opens up a vision of a future rural and urban Scotland of profound
importance. In essence, the company has shown how renewable energy can be used as a
money spinner for rural areas. Not only does the electricity come at half the cost of offshore
wind, but local involvement offers a way of overcoming planning difficulties. This is taken
up in more detail in Chapter 10 and in the principal recommendations of the report.
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• Tourism, a foundation of the Scottish economy, can benefit from the move to a low-carbon
society. Much of the benefit will come to small enterprises throughout rural Scotland.
The Inquiry heard from VisitScotland that visitors to the Highlands are increasingly
interested in green issues and undertaking outdoor activities. Unlike 20 years ago, when
touring by car was in vogue, visitors today are more interested in visiting particular areas
and participating in local activities and walks.

Box 8.3 BT a large company that has worked on reducing emissions over several years
British Telecom is a British based global telecommunications company that is a major consumer
of electricity within the UK, responsible for 0.7% of the UK’s total consumption. BT aims to
reduce its carbon emissions by 20% from 1996 to 2016 within the UK and seeks to ‘Reduce,
Influence and Engage’ as stipulated as part of its carbon cutting strategy.
Obstacles/Barriers:
• the public sector in Scotland needs to take a leadership role in order to initiate change;
• the carbon impact of products, relating to production and travel costs is poorly understood;
• in relation to SMEs, cost reduction is the primary motivation for instigating carbon-cutting
measures;
• confusion exists relating to the variety of climate change initiatives available to the consumer,
leading to a lack of clarity inhibiting environmental best practice.
Actions/Opportunities:
• schemes within the company are in place to encourage employee and consumer interaction
aimed at carbon reduction (Carbon Impact Assessment service, carbon clubs, promotion of
walking, cycling and conference calling);
• a greater, faster broadband coverage requires government support, as construction of the
required infrastructure is not financially viable though would be environmentally beneficial;
• green energy, flexible working, video conferencing, data centre virtualisation, cutting back on
air conditioning were all identified as ‘quick wins’, where as retrofitting old buildings, changing
staff behaviour, reducing vehicle emissions, and reducing emissions are more challenging;
• prosperity without growth is a consideration, and climate change could act as a driver
to achieve this.

Box 8.4 Scottish Bioenergy: an innovative new SME started in 2007
Scottish Bioenergy highlights the potential for CO2 to be used as a resource and specialises in the
production of biofuels from the activities of micro-organisms.
The company utilises the work of micro-organisms to produce products such as oil, minerals,
protein and oxygen. Scottish Bioenergy builds, sells and operates reactors that allow the
production of by-products to be utilised by industrial producers of CO2. The reactors operate as a
closed system and are operational regardless of the external climate. CO2 becomes an asset which
can be beneficial in the production of energy, nutrition, bioplastics, protein and pharmaceuticals.
The company is undertaking work with the Glenturret Scotch Whisky Distillery that will reduce
the carbon footprint and save costs. Additional benefits to the distillery include post-harvest
water being recycled, reliable energy production, and copper removal from pot ale.
Scottish Bioenergy leverage finance from the Scottish Government, EU and Carbon Trust and
allows organisations, such as the Glenturret Distillery, to make carbon savings over a prolonged
time period.
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Box 8.5 Mackie’s of Scotland: an example of a long-standing business seizing opportunities
Mackie’s farm is a 1,600-acre largely dairy farm in Aberdeenshire that employs 70 staff and
prides itself on becoming ‘the greenest company in Britain’ through the sale of its ice cream and
other products. Mackie’s owns three wind turbines, with a total capacity of 2.5 MW, which supply
power to the company, with surplus energy being sold back to the grid. It also uses by-products
from a local whisky distillery to feed cattle and act as a natural fertiliser, maximising efficiency
and reducing potential waste. Mackie’s farm has received a Scottish Food & Drink Excellence
Award for its economic growth and environmental management.
Obstacles/Barriers:
• lack of political impetus towards implementing change toward an effective environmental
agenda;
• planning procedures can be oppressive and expensive and a more positive approach from
the planning authority is required;
• the national grid requires upgrading to cater for multiple increases in the use of electrical
energy.
Actions/Opportunities:
• development of renewable energies offers land owners the opportunity to save energy costs
and generate profit by selling excess energy;
• community involvement in renewable projects facilitates project development and generates
a collective spirit to achieve an environmentally sustainable goal;
• fund the creation of REDIT (Renewable Energy Development and Installation Team) to aid
new entrants, the cost of which will be offset by the potential returns;
• major economic and social benefits to be derived from investing in local renewable energy
developments and national grid improvements.

8.4 Heat and the built environment
Key points
• There is a pressing need for “regulatory retrofitting”, to ensure policies support rather than
hinder the development of a low-carbon society.

• Low-carbon and renewable energy technology is seen as complicated and challenging to
install. We need to develop the energy technology equivalent of “plug and play” IT
technology.

• There is a need to create ways of mobilising private finance to support energy efficiency
and small-scale low-carbon energy generation.

• We need to enhance the provision of professional and technical skills concerning carbon
management and carbon accounting.
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Policy context
Approximately 44% of Scotland’s energy use is for heating purposes, much larger than energy use
for transport or electricity193. The Scottish Government has set itself targets to reduce final energy
consumption, which includes electricity and transport energy, by 12% by 2020. The key heat target
is to ensure 11% of heat energy is delivered by renewable sources194 195. Heat energy (excluding the
traded sector) produces ~9 million tonnes of carbon dioxide each year, equivalent to 1.8 tonnes
carbon dioxide per person per year196.
The commercial and household sectors have a range of policies to deliver efficiency
improvements and renewable heating in buildings. In the residential sector, these are focused on
imposing obligations on suppliers of energy services; on providing the tools to support
behavioural changes by individuals and families; and on tightening up building regulations. The
residential sector contributed 14% of total greenhouse gas emissions in 2008. Direct emissions
(which exclude electricity use) were 7.6MtCO2. There has been a general downward trend in
residential emissions since 2000, but year-to-year variability is high because of external factors
such as weather conditions. In the small and medium-sized enterprise sector (SMEs), efforts have
largely relied on communicating the beneficial cost implications of reducing emissions, coupled
with cheap loans and other tax breaks through entities such as the Carbon Trust and the Energy
Savings Trust.
An important distinction can be made between policies that encourage technical energy
efficiencies for a given lifestyle, and policies that attempt to induce a change in behaviour and
lifestyle choices. In the household sector, the main focus of policies has been on developing
technical (energy) efficiencies. Policy makers have largely shied away from the difficult challenge
of tackling individual behaviour, though efforts to encourage behavioural changes, such as
provision of smart meters to help household energy management, are increasing. It is clear that
there is a gap between what is believed to be technically possible to reduce emissions for a
particular lifestyle and that which might be delivered by changing lifestyles. The Report on Policies
and Proposals suggests that emissions from the residential sector could be reduced through
renewable heating and energy efficiency to less than 5MtCO2 by 2020197.

Inquiry responses
Inquiry respondents addressed a suite of issues that are hindering Scotland in reaching its energy
efficiency and renewable heat targets. Unlike issues concerning public electricity generation, the
delivery of heat and energy efficiency improvements is inherently local. There were a number of
common concerns.

• The lack of finance and investment to deliver energy efficiency improvements. While the
proposed Green Deal, which links energy efficiency costs and savings to the household meter
rather than the householder, provides an opportunity of overcoming the cost barrier of
residential energy efficiency improvements, respondents remained concerned about the sheer
amount of upfront investment required and who would finance it. Respondents suggested
that it would result in longer-than-expected time to revamp the country’s heat infrastructure.

• The need for community engagement, which is crucial to show local benefit of renewable
heat and overcome natural resistance to change. The Inquiry Committee saw the success of
area-based insulation schemes in using the community dynamic to encourage rapid social
change (Comrie).
193 Scottish Government, 2008, Energy Policy: an overview
194 Scottish Government, 2010, Draft Report on Proposals and Policies
195 Scottish Government, 2010, Energy Efficiency Action Plan
196 Scottish Government, 2009, Climate Change Delivery Plan
197 Scottish Government, 2010, Draft Report on Proposals and Policies
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• The high transactions cost of deciding on and installing effective systems. This issue was best
addressed by respondents who suggested that we needed “plug and play” opportunities, akin
to the IT revolution of the past 20 years, coupled with much better carbon accounting and
cost tools to support decision making around appropriate renewable or low-carbon heat
technology (Box 8.6). However, other respondents noted that we need to demonstrate that
domestic renewable energy worked and was cost- and carbon-effective.

• The lack of capacity in the renewable energy installation industry. This was seen by some,
such as the Energy Agency, as the single most important barrier to delivering the renewables
targets over the next ten years. However, others felt that the market would deliver the
training needs as soon as the regulatory frameworks were clearly laid out and the financial
advantages of up-skilling were apparent.

• The multitude of small grant schemes offering small inducements over short time scales.
Respondents suggested that the success of other countries’ investments in renewable energy
has been through “de-risking” of the investment landscape for future years. In other words,
there are clear returns on investment over many years (e.g. Feed-In Tariffs). As the National
Trust for Scotland noted in evidence to the Inquiry, the “complexity of existing systems/
balance of support do not give the impression of needing to make haste”. A key problem is
the complexity and short-term nature of grant funding, which hindered decision-making
around investment opportunities. A secondary problem was the lack of focus on whole-life
cost, rather than the upfront capital cost.

• The need for legislation to support efficiency measures in common ownership properties
in typical Scottish housing such as tenements: it remains to be seen whether the enabling
powers written into the Climate Change (Scotland) Act 2009 are sufficient to deliver the
necessary step change.

• The implications of passive house type building standards due to come into force in 2016/17.
We were advised that these would require fundamental shifts in lifestyle patterns of those
living in them unfamiliar to typical households in Scotland.

• The inability of banks and other mortgage lenders to value property, at least in part, by its
carbon/energy usage. This issue reflects frustration that energy-efficient properties are not
valued any more highly than similar but inefficient properties. Respondents suggested that
one unanticipated consequence of higher building specifications in Scotland, compared to
the rest of the UK, was that developers would prefer to build in England and Wales.
Differences in standards could also result in the same property being given an Energy
Performance Certificate rating of F in Edinburgh, but a C in Newcastle.

Box 8.6 Decision making around renewable or low-carbon heat technology
“The current grant schemes are far too cumbersome, there needs to be a more accessible form of
subsidy. The feed-in tariff for PV is a good move, as the guaranteed income will make it easier
for owners to obtain loans to do the installations. Due to the large number of people who need to
upgrade their homes, there will not be enough specialists to do the work, so DIY improvements
must be made easier to do. For example I should be able to pop down to B+Q and buy a 3Kw PV
system in a box, take it home, install all of the equipment myself, requiring only an electrician to
do the final connection, saving thousands of pounds and a lot of time.
We don’t have time for the current web of regulation if we are to achieve the targets
we have set.”
From: John Pearson, written evidence to the Inquiry
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Interestingly, given the wide spread of backgrounds of respondents, there was considerable
agreement about how particular barriers in delivering low-carbon, efficient heat could be
overcome.

•

Investment
Buildings comprised the biggest component of a local authority’s emissions footprint, but
limited public funding would make meeting their emission reduction targets challenging.
It is clear that external investment is required, using innovative mechanisms which
encourage mobile private capital to be invested in Scotland. Similarly in the private
residential sector, while the Renewable Heat Incentive was welcomed, it was seen as
necessary but not sufficient to deliver radical change. Respondents believed we also need
other supporting policies, inducements, sticks and regulatory frameworks. To ensure
effective take-up, we need to combine policy tools like the heat incentive with loan
packages, or pay as you save facilities, to ensure more equitable take up (Chapter 8.1).

•

Skills
A big pinch-point was perceived to be the number of skilled installers. The Microgeneration Certification Scheme (MCS) came under particular fire for its inappropriate
certification requirements in rural low density population areas in Scotland. However,
there was also a strong sense that Scotland needed to improve its broader skills base both
professionally and technically to deliver such targets.

•

Technology and its take up
Respondents suggested that there is a need to find a better way of delivering solid wall
insulation and combed ceiling insulation, street by street, in Scotland. There is too much
focus on micro-renewables in domestic housing and not enough on better insulation.
Various respondents noted that the return on investment of micro-renewables is often
small, so grants or policy frameworks for reducing emissions should integrate energy
efficiency more effectively with renewable energy. Respondents flagged the role of UK
policies where take-up was considerably lower in Scotland than elsewhere, such as the
Carbon Emission Reduction Target (CERT), because of differences in housing stock, with,
for example, more solid-wall and tenement buildings.
Solar thermal heating and biomass heating offer real opportunities for renewable heat in
Scotland, but there will be limits on biomass in cities because of air quality considerations.
In addition, while district heating schemes should be cost- and carbon-effective, the high
levels of capital investment and other planning and behavioural issues make widespread
take-up unlikely.
Energy technology is currently perceived to be complicated and challenging to install.
There is a need for better comparative information on carbon value and monetary savings:
for example, comparing the monetary value of old light bulbs costing 5p/hour and new
ones costing 0.5p/hour and equivalent information for all electrical and heating goods.

•

Planning
There is a need to find a better balance between restrictions on permitted development
rights in households for solar panels and air source heat pumps, since this is a serious
hindrance to take-up. Local planning guidance to developers needs to be enforceable with
national standards, so developers cannot simply offer inducements to neighbouring
authorities to avoid costly developments in an authority.
There is insufficient attention to infrastructure planning for heat and power: too much ad
hoc development without making use of waste heat from industrial or commercial sites.
There is a need for an effective local strategy. The response from one local authority official
suggested that there are few technical problems about what and how to make a difference
with new housing (Box 8.7).
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Box 8.7 An answer to a question about new housing design
Q.

What do you think are the key issues that the Scottish Government should consider
in the design and location of new housing and the maintenance and improvement
of the existing housing stock to ensure they are adapted to future climatic
conditions?

A.

There are no new ideas in this. Housing should be built on brownfield land and at a
higher density with excellent nearby transport links. Sufficient infrastructure
should be inbuilt to allow for the mains charging of electric cars. All driveways and
roads should be permeable, with substantial attenuation potential. All houses should
reach at least Sap 100. All schemes should have communal heating that could link to
district schemes if these arose. All gardens should be fully drained to attenuation to
prevent waterlogging over several months with higher rainfall. All service contracts
should include maintenance and replacement of the drainage. Floor levels should
be carefully considered on a site-to-site basis, and this should be considered in
tandem with solum depth. All houses should be built with the lowest-possible
embodied energy materials that will meet the performance specification. The
sound insulation in and between flats should be the maximum practically possible.

West Lothian Council response to Energy Efficiency Action Plan Consultation,
12 January 2010.

Implications of the Inquiry findings
The Inquiry responses suggest strongly that while the current policy framework is a necessary
condition for delivering a low-carbon heat future, it is not a sufficient condition (Box 8.8). Four
elements in particular must be addressed. These are the investment models; creating regulatory
frameworks in which the necessary professional and technical skills are highly desirable and
delivered by the market; the ability to simplify technology take up (both through information
and regulatory alignment as well as development of simpler “plug and play” approaches to
reduce transaction costs); and alignment of local and national planning frameworks and
associated valuation of houses or land.
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Box 8.8 Respondents’ views on financing energy efficiency
Consumer demand must be actively driven by effective financial and fiscal incentives and with
strong enforcement of both today’s and tomorrow’s energy standards for all buildings;
• Strong and consistent communications are needed to engage consumers, and once interested,
the process for taking action should be simple;
• Attractive consumer finance packages are needed;
• Delivery partnerships between local authorities, energy companies, and others will be important,
with a coordination body potentially enabling a strong and trusted brand for the delivery
programme as a whole.
• Government should lead by example by decarbonising its own buildings and through its
procurement policies; and the
• Various policies should fit well together and the work of different Government departments
must be effectively coordinated.
From: British Council for Sustainable Energy, Delivering carbon savings in the domestic sector

Scotland could meet its heat targets “…by providing a suitable range of cost-effective technologies to
suit a variety of applications, and capable of low-disruption installation on a reasonable payback period
supported by a readily understood set of financial incentives. Due to lack of capacity in the renewable
energy installation industry, we cannot see this target, requiring an average of over 20,000 installations
per annum, being achieved. If the figure is roughly equivalent to a third of all Scottish dwellings off
the mains gas network, this take-up would require virtually all non-mains-gas boiler replacements to
be renewable energy systems, although a great many homes would require major energy-efficiency
improvements including solid wall insulation for them to be practical. The most likely scenario for this
being achieved would result from the very fast acceptance by the heating industry and the on-gas
population, incentivised by the Renewable Heat Incentive (RHI) supported by a state-supported
technology-specific loan package, together providing a ‘pay-as-you-save’ facility.”
From: Peter Convery, written evidence to the Inquiry

A core challenge for capturing energy efficiency opportunities has been the cost of investing in
energy efficiency compared with other investments with perceived higher returns; there is a
need to improve the availability of capital for efficiency investments. This is likely to involve
financial models that share the risks and benefits between asset owners and energy service
companies. We need innovative financial models to drive these investments in energy savings
and to generate a predictable income stream over a given period, an issue highlighted in
Chapter 8.1.
The need for a step change in skills – both technical and professional – coupled with the need to
ensure integration with either the reality of operating small businesses or the complexity of
decision making in local authorities is apparent. This is a challenge that needs to be addressed by
government certification requirements and relevant skills councils, as well as by higher
education establishments, which have been slow to see these opportunities.
At present, individuals and businesses appear to be swamped with (often contradictory)
information about relative merits of different efficiency and renewable systems. Clear, simple
decision-support tools, widely advertised, appear to be a key informational element of effective
technology take-up. The need for better integration between technology and existing systems –
to drive down transaction costs and installation costs – is an area of potential technology
innovation. The problems at the scale of an individual householder are illustrated by Box 8.9.
Finally, the oft-repeated need to align better the local and national planning frameworks behind
common cause – of delivering a low-carbon society – is apparent. This topic is so fundamental
that it is taken up fully in Chapter 10.
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Box 8.9 An individual’s experience of fitting solar panels
In order to test the complexity of the various household initiatives from the point of view of an
individual, one member of the Inquiry Committee first fitted extra loft insulation, and then
decided to install solar thermal and solar voltaic systems. The exercise was useful in highlighting
practical barriers facing someone living in an old property. Several telephone calls to the Energy
Savings Trust, involving navigation of an automated telephone answering service, yielded helpful,
if general brochures, and the news that there was no grant aid. The real breakthrough came
when one solar panel company followed up an enquiry and arranged a visit. After assessing the
orientation of the house and the existing heating systems, they produced an estimate and timetable.
The panels were installed on the agreed date and involved two days’ work. Finally, there was
another form to the electricity supplier which finalised a 25-year contract to pay the Feed-In Tariff
The process was less complex than feared and fairly straightforward, as summarised in the
following quotes by the individual:
• “I discovered that by the time I got around to doing anything, a particular grant scheme
had expired.”
• “The breakthrough with insulation came when I saw large rolls of insulation subsidised by the
Energy Savings Trust at £5 each in a local superstore. It was too good an opportunity to miss.”
• “The key for us was that we could bolt the systems onto the existing gas hot water system
with minimum disruption.”
• “It is complex. You have to get used to the jargon of thermal, voltaic, inverters etc and fill in a
six-page form which asks you to do things like record your MCS Certificate Number or
ROO-FIT Number, or your MPAN details on the import and export meters. But the installer
helped with all this.”
• “It is a great feeling to come home on a sunny day and see how much electricity you have
generated!”
• “Planning was no problem, since the installation did not affect the front elevation of the house.
But we had to check the ‘nail-sick’ slates before installing the panels, arrange the trimming of
our neighbour’s trees, and fit a dedicated electricity supply for the inverter.
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8.5 Transport
Key points
• There remains a pressing need to align local and national planning frameworks to focus
building in urban centres rather than around their perimeters.

• The disconnect between day-to-day transport concerns of individuals and the need to reduce
dependence on fossil fuels needs to be at the heart of efforts to deliver a low-carbon society.

• The rapid technological developments in vehicles emphasises the need for impartial
information about relative capital and operating costs in a form accessible to individuals
(e.g. running costs in pence per km).

• New business models (e.g. car clubs) which reduce the costs of car use and ownership should
help make a more rapid transition.

Policy context
In Scotland, we use over 40 TWh of energy per year for transport purposes198, equivalent to some
29% of total energy use199. We are heavily reliant on mineral oil products such as diesel and petrol
to supply this energy. Approximately two thirds of this energy is used in cars, with the remainder
in light or heavy goods vehicles, trains, ferries and aircraft. In 2008, this transport energy
produced ~14.5 million tonnes carbon dioxide equivalent200.
Political levers for applying economic instruments in transport, such as engine efficiencies and
fuel taxation, are largely held at EU or UK level. However, Scottish authorities do have a range of
powers over policy options such as land use planning, road user charges, speed enforcement,
traffic management and parking charges201. Options for reducing emissions and at what cost
were discussed in detail in the recent “Mitigating Transport’s Climate Change Impacts in Scotland”
report from 2009. Many of these policy options have not been used to date, though some are
defined as possible policy options in the recently published Report on Proposals and Policies200.
In the transport sector, the main focus of policies in recent years has been on achieving technical
efficiencies in vehicle engines. One outcome of this approach is that while the transport sector
has delivered substantial efficiency improvements in engine technology, it has failed to deliver
meaningful emission reductions across vehicle fleets, as engine sizes and/or vehicle weights have
increased and individuals have tended to react to more efficient vehicle engine technologies by
driving further. The recent mandatory EU emission targets for new vehicle fleets will begin to
tackle fleet-wide transport emissions, but will not guarantee emission targets from the sector,
since these depend on individual behaviour. The recent efficiency targets for total energy
consumption in Scotland will seek to address these more difficult behavioural traits.
The two largest contributors to anticipated reductions in emissions from the road transport
sector are the mandated EU targets for biofuels and for vehicle fleet emission reductions.
The key policy for the air transport sector is the EU Emissions Trading Scheme, which will cap
emissions from European passenger air transport, to 95% of their average sector emissions from
2004–2006202, through to 2020. This will bring air transport emissions within the emissions cap
of the “traded sector”. Depending on the actions of the International Maritime Organisation
(IMO), shipping might also be brought within the traded sector from 2013. Both these actions
will support delivery of the Scottish targets which, in contrast to the UK Climate Change Act
(2008), include aviation and shipping within the scope of the emissions reductions.
198 Scottish Government, 2010, Energy Efficiency Action Plan
199 Scottish Government, 2008, Energy Policy: An Overview
200 Scottish Government, 2010, Draft Report on Proposals and Policies
201 Scottish Government, 2009, Mitigating Transport’s Climate Change Impact in Scotland: Scottish Government Transport Research Series
202 97% of 2004–2006 emissions for 2012

RSE Committee of Inquiry Facing Up to Climate Change Full Report I 135

Inquiry responses
Responses about transport issues came from a wide variety of respondents, including haulage
associations, local authorities and individuals. A number of common themes were apparent.

• A fundamental mismatch between day-to-day concerns of individuals and transport
organisations concerning issues such as congestion, parking, cost of fuel and air quality does
not fit with national targets for emission reductions.

• Fringe effects, where transport planning of one authority or city interacts with the planning
of another authority or city. These are a major hindrance to effective transport policy.
This fringe effect affects buses, trains, cars and haulage concerns at geographical junctures
between planning authorities (local authorities).

• The prescription for change in transport is radically different between urban and suburban
areas (city states) and rural areas: rural areas are totally reliant on cars and on technical fixes,
in the form of new technology or alternate fuels that deliver similar energy services,
to deliver emission reductions. In contrast, urban and suburban areas could provide efficient
transport whilst at the same time reducing emissions (Highland Council).

• The lack of effective carbon and cost metrics to support decision making about choices
of vehicles, for example, life cycle costs or cost/km of different vehicles.

• The issue of sunk capital is particularly acute for car ownership, meaning that vehicle
acquisition rates is a key determinant in how rapidly new, more efficient cars will be taken
up in Scotland. The “chicken and egg” issue of the appearance of electric vehicles and the
necessity for nationwide charging infrastructure was also noted (local authorities).

• Attempts by organisations to trial alternative fuels in vehicle or shipping fleets have been
hindered by engine warranty issues (e.g. Forth Ports).

• The need for coordinated measures, both policy “carrots” and “sticks”, applied
simultaneously within and around cities, to encourage a shift to lower-carbon alternatives
(local authorities).
The inherent conflict between national and local priorities and between public and individual
priorities in various modes of transport (cars, trains, buses) needs attention. For example, how do
you balance the need for fast intercity times with the need for more commuter stations around
cities (local authorities)?

Implications of the Inquiry findings
The implications of Inquiry findings is that the emission reduction targets for the transport
sector will be difficult to achieve without bold moves. Scotland can achieve a great deal more
than it has done in reducing emissions from the transport sector by applying devolved regulatory
powers. Such approaches include integrating planning more effectively between local
authorities to reduce “fringe” effects; integrating policy of both carrots and sticks in relation to
city regions; providing more accessible information about carbon/cost implications of transport
options; and exploring with the private sector more innovative financing and ownership models
for vehicle use. Specific opportunities are outlined below.
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Planning and coherent transport strategy
A telling difference in perception exists between planning authorities and those who expect
planning to deliver sustainable communities. The Royal Town Planning Institute argued that
planning had a “ringmaster seat”, influencing other stakeholders, but “land use allocations will
not, in themselves, make a huge impact on emissions levels”. This latter assertion was strongly
at odds with many respondents, who argued that planners did have a huge impact on emissions
levels, in particular, questioning whether sustainable communities could be developed that
were entirely reliant on car transport. Time and time again, we were advised that a more
coherent transport strategy would be beneficial both for individuals and communities,
reducing congestion, air pollution and greenhouse gas emissions. The continuing mismatch
between national statements about the need to reduce emissions and local planning decisions,
supporting out-of-town shopping centres or housing estates situated far from community
amenities, simply adds to the current incoherence in strategy.
Making it real
There remains a fundamental disconnect between typical day-to-day transport concerns of
individuals or organisations – such as parking issues, city congestion and air pollution – and the
overarching need to reduce our transport dependence on fossil fuels over the next 20 years.
Reconnecting these issues should be at the heart of efforts to provide the transport needs of
society. This will require more coordinated transport responses – through consistency in car
park pricing; investment in bus and coach park and ride; use of workplace travel work plans
which reduce business costs, reduce commuting and improve quality of life; and such actions as
green scrappage schemes to encourage rapid transition to more efficient buses and coaches.
Information
Vehicles with different motive power systems change the relative costs between upfront capital
and operating costs. Electric vehicles currently have higher capital costs but lower operating
costs. Competing claims about running costs and environmental impact, which are rarely
calculated on a like-for-like basis, will be common. There is a need for impartial information
by trusted sources to support decision making by individuals and by organisations. In particular,
it is important to support understanding of the total cost per kilometre or per mile of vehicles,
rather than simply upfront costs. The carbon cost of vehicles – in terms of grams of carbon
dioxide per kilometre – is already being advertised under EU rules and needs to become
benchmarked against “best in class” examples.
Innovative models of ownership and financing
A key barrier to changing the vehicle fleet is the sunk cost of ownership of vehicles and the
upfront cost of new, efficient vehicles. Innovative approaches to ownership and financing
already exist. For example, the City Car Club approach of leasing cars for short (hours) periods
of time, coupled to an annual membership fee, creates opportunities to introduce highly
efficient cars more rapidly. Other approaches such as owning the car body but leasing the car
battery of electric cars, where the battery cost largely determines the capital cost of the car, look
promising in other countries. Encouraging innovative models of ownership and financing will
help overcome this barrier.
National frameworks to support local authority delivery
The need to reduce emissions from transport places a huge onus on local authorities. At present,
a dominant concern is the fringe effect that occurs at local authority or city boundaries,
between different transport modes and between different planning authorities. A key
requirement is to ensure that the national framework supports the removal of these fringe
effects – such as developers offering inducements to neighbouring authorities to support
development on the fringes of cities or towns which lead to high car dependency. This central
issue is taken up in more detail in Chapter 10.
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8.6 Land use
Key points
• The strategy to increase forest cover to 25% of the land will sequester carbon, but it will
compete with agricultural land used for livestock, and planting targets are not yet being met.

• New practices in agriculture and forestry and movement to multi-objective land uses and
the new CAP post-2013 offer a real opportunity for rural land to contribute to a low-carbon
society. Spatially-referenced indicative plans are needed to deliver the land use strategy and
better means of carbon accounting are necessary to achieve the full potential.

• The lack of a spatially-referenced land use strategy makes it difficult to achieve the full
potential of land use change to reduce Scotland’s emissions.

• The lack of integration between agriculture and forestry makes it difficult to exploit
multi-objective land use and in particular the combined agriculture-forestry approach
common in Scandinavia. Culture and education play a part. Revealingly, there are no
multi-objective land management courses in Scotland, with Scotland’s universities still
teaching forestry and agriculture as specialist courses.

• Soils have the potential to store huge quantities of carbon, but there is a lack of quantitative
data on the relative merits of different cultivation practices on carbon held in soils.

• Demonstration low-carbon farms are an effective way of encouraging change but need
to embrace more radical objectives to be effective e.g. more trees on farms.

Policy context
The land use sector has an important role to play in a future low-carbon society. Since the Hills
and Islands Inquiry of the Royal Society of Edinburgh in 2008203, a land use strategy (LUS), as
called for by that Inquiry team, has been consulted on by Scottish Government. With publication
planned for March 2011, the LUS advocates greater multifunctional uses of land and the use of an
ecosystem approach. The latter approach is consistent with the Decisions of the Parties to the
Convention on Biological Diversity, held in Japan, October 2010. Additionally, new policies now in
place include a Scottish Soil Framework (SSF), a new Wildlife and Natural Environment Bill (WANE),
and reforms to the systems of payments for land management are under active consideration for
the Common Agricultural Policy post-2013. The Reports on Proposals and Polices (RPP)204 underpin
the legislation and strategies. Various codes of good practice and major new initiatives such as
Farming for a Better Climate 205 will lend support to the LUS.
Practice arising from policy context
As demonstrated in Chapter 4, the land use sector offers significant opportunities for mitigation
and abatement. However, it is important to ensure that the most economically-efficient ways of
reducing greenhouse gas emissions are prioritised. Carbon budgets for UK agriculture, land use,
land use change and forestry sectors have been analysed206 using marginal abatement cost curves
(MACCs) to assess different abatement strategies. The results indicate that in 2022 around 6.36
MtCO2e could be abated at negative or zero cost. Further, over 17% of agricultural greenhouse gas
emissions (7.85 MtCO2e) could be abated at a cost of less than the estimated 2022 Shadow Price of
Carbon of £34/tCO2e.

203 Royal Society of Edinburgh, 2008, The Future of Scotland’s Hills and Islands
204 Scottish Government, 2010, Draft Report on Proposals and Policies
205 http://www.farmingforabetterclimate.org/
206 Moran, D., MacLeod, M., Wall, E., Eory, V., Pajot, G., Matthews, R., McVittie, A., Barnes, A., Rees, B., Moxey, A., Williams, A., and Smith, P.. (2008)
UK marginal abatement cost curves for the agriculture and land use, land use change and forestry sectors out to 2022, with qualitative analysis
of options to 2050. Final Report to the Committee on Climate Change, Report No. RMP4950. SAC Commercial Ltd, Edinburgh, 152.
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Incentives and abatement strategies
Critical to an effective response at farm level in reducing emissions is (a) the incentive structure,
and (b) the farmer’s technical/economic knowledge of where the abatement costs are lowest.
To date there are modest incentives to support reduced emissions and, unlike larger businesses,
there are no requirements such as carbon reduction commitments. It also appears that farmers
are mostly unaware of where emissions can be reduced with least economic impact on the
business. In essence, farmers do not know their farm-specific marginal abatement costs of
carbon and are thus unable to respond efficiently. However, were carbon to be more effectively
priced (for example, by carbon taxation of fertilisers or diesel), then it would pay farmers to
become more aware of their mitigation options and to reduce on-farm emissions.
Carbon trading is another way to incentivise land managers to mitigate greenhouse gas
emissions, and many informal markets already exist worldwide for mitigation in the forestry
sector207. Extending such markets to agriculture would be a possible way forward, as in
Australia, which is examining how a carbon tax or carbon trading scheme can help bring about
change in the land use sector. Emissions from fertiliser use could also be cut via a climate
change tax on inputs. These approaches can be contrasted with cross-compliance requirements
related to carbon and greenhouse gas management on farms. If farmers were faced with the
loss of subsidies if they did not comply with “mitigation requirements”, this would require a
monitoring structure to be put in place. However, the costs of monitoring could outweigh
savings in abatement costs elsewhere in the economy.
Currently, farmers are incentivised to protect soil carbon via Single Farm Payments under
which ‘good agricultural and environmental condition’ (GAEC) must be maintained. But we do
not know the carbon status of agricultural soils in Scotland as farmers rarely measure soil
carbon despite its central role in maintaining fertile, healthy and resilient soils. No specific
mechanism exists for monitoring or setting standards to protect soil carbon directly. By
contrast, more direct coupling of payments to farming methods and measures to enhance and
protect soil carbon (as well as water) are available, e.g. under the new Welsh “Glastir” land
management scheme. Further grants open to all Welsh farmers operate under the Agricultural
Carbon Reduction and Efficiency Scheme (ACRES). In Ireland, the government has just
announced a minimum threshold for soil carbon (2% soil carbon = 3.4% soil organic matter) and
a necessary condition for Single Farm Payment under GAEC208.
Innovation
Farming for a Better Climate is an action plan to help cut greenhouse gas emissions from across
the agricultural sector. The five-point plan is aimed at helping farmers increase productivity
and tackle climate change. It is funded by the Scottish Government and supported by a
dedicated website hosted by the Scottish Agricultural College (SAC)209. It offers advice on costeffective ways to benefit business and the environment under five action areas:

• using energy and fuels efficiently;
• developing renewable energy;
• locking carbon into the soil and vegetation;
• optimising the application of fertilisers and manures;
• optimising livestock management and storage of waste.

207 Woodland Carbon code at http://forestry.gov.uk/carboncode
208 www.agriculture.gov.ie/farmerschemespayments/crosscompliance/soilorganicmatter/
209 http://www.farmingforabetterclimate.org
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The SAC is currently working with four Climate Change Focus Farms to demonstrate the
benefits gained by minimising greenhouse gas emissions. Many types of farms use a lot of energy
in drying, storing and fuel costs and practical help is available to help reduce this. However, for
many farmers who are part of an ageing workforce and who feel burdened by servicing debts,
market volatility, weather volatility, complex support payments, bureaucracy and regulatory
complexity and disease threats, climate change mitigation is a low priority.
Some farmers are starting to use carbon calculators to inform their operations, but a recent study
sponsored by the Scottish Government found significant differences between the many
calculators currently available and recommended developing a single standard that can be
adopted by all. If farmers receive payments for estimated carbon storage or uptake on their farms,
they might view “farming for carbon” in the same way that they view “farming for food”. Such
payments for carbon storage or uptake could result, for example, from the development of carbon
markets in agriculture, where external purchasers would create a market demand for carbon
sequestration on farms.
Carbon sequestration
In terms of land use opportunities, one of the largest potential gains (but with high uncertainty)
is carbon sequestration, either in agricultural and forest soils or in restoring peatlands. The total
soil-carbon sequestration potential for the UK has been variously estimated at 30–70 MT yr-1210.
These are large numbers relative to emissions and, while it is tempting to think that soils can be
used to remove all the fossil-fuel carbon emitted, this is unlikely. Smith et al (2005)211 showed
that the achievable level of soil-carbon sequestration is far less than the biophysical potential,
depending upon a range of economic, social, institutional and other barriers. In the agricultural
mitigation chapter of the IPCC 2007 report212, the economic potentials at US$20–100 per tonne
CO2-eq. were estimated to be around one-third to one-half of the biophysical potential. The
market value (that realised under the current market conditions) is lower still. Cannell
compared theoretical, realistic and achievable estimates at worldwide, EU and UK levels and
suggests that achievable carbon sequestration is of the order of 1/70 to 1/30 of the theoretical
maximum210.
A preliminary assessment of the amount of carbon losses and gains in Scottish soils using a
simple budgeting approach213 and applied to the Scottish Soils Knowledge and Information
Base214 , shows that either 122 Mt or 213 Mt of carbon could be lost or gained respectively from
the top 30 cm of cultivated mineral soils based on observed minimum and maximum soilcarbon values for Scottish soils (Fig. 8.5). But even if 1% of either value were achievable in 40
years, it would be a significant amount relative to net emissions. Given these large reserves of
carbon in soil, the single most important strategy should be to protect soil-carbon and ensure it
is not lost, and every effort should be made to enhance soil-carbon where appropriate to the
land use.

210 Cannell, M.G., 2003, Carbon sequestration and biomass energy offset: theoretical, potential and achievable capacities globally, in Europe and the UK,
Biomass and Bioenergy 24, 97–116.
211 Smith, P., Andrén, O., Karlsson, T., Perälä, P., Regina, K., Rounsevell, M. & van Wesemael, B. 2005. Carbon sequestration potential in European croplands
has been overestimated. Global Change Biology 11, 2153-2163.
212 Smith, P., et al, 2007, Agriculture. Chapter 8 of the IPCC’s Climate Change 2007: Mitigation. Contribution of Working group III Cambridge University Press,
Cambridge, United Kingdom and New York, NY, USA.
213 Stolbovoy V. and Montanarella. L. 2008. Application of Soil Organic Carbon Status Indicators for policy-decision making in the EU. In: Tóth, G.,
Montanarella, L. and Rusco, E. (Eds.) Threats to Soil Quality in Europe. pp87-99.Institute for Environment and Sustainability Land Management
and Natural Hazards Unit, Joint Research Centre. European Commission. EUR 23438 EN
214 Lilly et al., personal communication
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Figure 8.5
Potential for carbon loss and gain in cultivated soils of Scotland using data from Scottish Soils Knowledge and Information Base,
for minima and maxima for Scottish soil types. Source: Lilly et al.214

Forestry
There is clear agreement about the need for more trees to help sequester carbon. However, there
is evidence that forest planting rates are currently low because of distance from markets and
low returns and/or the opportunity cost of land. In addition, there is a long-standing resistance
by a large part of the farming community to planting trees, whatever the market signals.
Landowners need to receive clearer signals from policy makers and more and better incentives
to plant more trees. Some of the challenges in meeting Scotland’s ambitious planting targets are
developed in Box 8.10 and highlight the need for greater focus on integrating trees on
traditional agricultural areas.
Concerns about planting trees on carbon-rich soils and the need to get better yields mean that
afforesting Scotland will require a debate on how agricultural land is used for growing more
trees. Similarly, we also found evidence of cultural barriers, in that farmers are not familiar
with growing trees: a use of land far removed from their experience and interest. This cultural
barrier, which arises from the polarisation of agriculture and forestry plus historic inertia,
needs to be tackled.
Agroforestry215, recommended by the RSE Hills and Islands Inquiry, is an alternative land use
system that should be re-examined in the light of climate change and contemporary issues
(bioenergy). We acknowledge that it is sometimes an approach liked by neither farmer nor
forester, but new ways of integrating tree production on farms are needed if 25% of the
Scotland’s land area is to be woodland by 2050.

215 Agroforestry is the growing of both trees and agricultural/horticultural crops on the same unit of land.
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Much can be learnt from integrating trees on farms in Sweden and other Scandinavian
countries, where land is jointly used for timber, arable crops and livestock. In some
circumstances, ‘farms’ can have up to 50% or more of the land under trees and the resource is
used for long-term financial windfalls and increasingly for on-farm power and heat. Heat is
particularly useful on farms where crops need drying, and this is perhaps one of the adaptations
required in a future wetter Scotland. In Sweden, groups of farms purchase drying facilities
cooperatively fuelled by woodchips generated from trees grown on contributing farms.
In Scotland, more imaginative ideas for using trees on farms are needed; for example as
outdoor over-wintering shelter for livestock, woodchip corrals and flood risk reduction.
Demonstration farms such as those in the Farming for a Better Climate programme are
potentially useful, but perhaps bolder and more radical ideas would help. A sixth key action for
Farming for a Better Climate should be to optimise the use of woodland in farming businesses.
Preliminary assessments on how livestock and woodland might be more synergistic are
underway by Quality Meat Scotland and this is to be encouraged216.

Box 8.10 Where will new woodland go?
The planting target is expressed as an annual figure rising up to 10,000 ha/p.a. by 2015. The broader
direction is to move to 25% forest cover by the second half of this century. If we assume that Land
Capability Assessment (LCA) classes 1–3.1, 6 and 7 are largely unavailable for new forestry due to
economic, nature conservation and biological reasons, most of this woodland expansion will take
place on Classes 3.2–5.3. In very broad terms this equates to the LFA cattle and sheep, dairy and
mixed farm types as classified by the Scottish Government of which there were 17,549 in 2009.
http://www.scotland.gov.uk/Publications/2009/06/16142957/91
If Scotland were to meet its woodland expansion target by 2050, one way of looking at it is to say
that approximately one hectare of each these farm types would need to be planted every year for
the next 40 years. This is based on the relationship of number of farms (17,549) and annual
planting target (15, 800 hectares). Clearly this is a scenario that is very unlikely to happen and
would not serve the agricultural nor forestry industries well, but does provide a useful means of
looking at the scale of the change that is required.
However, farmers’ experience of set aside suggests taking 10% of land out of production might be
acceptable without affecting gross agricultural production too heavily, and detailed farm-scale
planning could be used to minimise loss of productive land, as well as to optimise flood and
drainage control and trees as shelter on farms.
Based on the assumption that these farm types fall broadly in LCA classes 3.2 –5.3 (many farms will
also include Class 6 but it has been excluded due to biophysical and planning constraints on
planting), there are approximately 2.23 million hectares of agricultural land of these LCA classes in
the national IACS register (Wright et al 2005). Classes 3.2–4.2 are primarily cultivated mineral soils
whereas much of Class 5, particularly Class 5.3, comprises land with highly organic surface
horizons; the benefits and impacts of new woodland on these contrasting soils will differ. Scotland
has substantial potential for forestry development and the role of forests in climatic changes is
recognised as a significant opportunity.
The Scottish Forestry Strategy (2006) proposes a multifaceted approach, using trees and woodland to
mitigate climate change, including mitigation of the effects of flooding, an increase in the use of
renewable woodfuel, an increase in the amount of timber used in construction and the
development of forest habitat networks to support forest biodiversity. The measures to support
forestry are now embedded in the Scottish Rural Development Plan. However, the evidence is that
planting targets are well below those needed to meet the Government’s woodland cover aspiration
of 25% of the Scottish land area by 2050.
More detailed planning for multi-objective land use will require more information to be available.
216 www.qmscotland.co.uk/index.php?option=com_content&view=article&id=540:livestock-and-woodlands-focus-farms&catid=51:monitor-farms
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Regulation
New approaches for including all stakeholders in decisions and policy development and the
ability to weigh up the trade offs within a broader strategy are required. Often new initiatives
for facing up to climate change meet old regulations designed before climate change was an
issue, as for example in Box 8.11. As so often in the Inquiry, a systematic review of
environmental regulation in the light of the drive to a low-carbon society could accelerate the
adoption of mitigation options.

Inquiry responses
The Inquiry team received written evidence from across the land use sector. We also met with
agricultural representatives (in Aberdeen and Inverness) and farmers (Westray, Scottish
Agricultural Society Club, Dumfries) and joined in seminars about demonstration farms and
farm carbon calculators. We also participated in a seminar run by the Scottish Estates and
Business Group.
A number of key issues arose.

•

The lack of integration between agriculture and forestry. Farm forestry as practised
in Scandinavia, where it is the mainstay of rural life, is difficult to achieve in Scotland.
Farmers are culturally unfamiliar with growing trees as a crop. The problem runs deep, in
that university courses in Scotland offer either forestry or agriculture, but no courses that
combine the two disciplines.

•

Concern over the future shape of the EU Common Agricultural Policy (CAP).
It is important that the relative importance of low-carbon practices be included in the next
re-negotiation of the CAP.

•

Frustration by the lack of a coherent land use strategy. This was especially felt by
estate managers, who by nature take a long-term view. At present it is difficult to weigh up
the relative merits of forest, livestock, crops for the food and drinks industry, biomass,
environmental protection, recreation and tourism, and carbon sequestration.
Some managers pressed for a nation-wide strategy: others, such as those managing the
Buccleuch Estates, have developed their own plans.

•

Difficult to achieve low-carbon progress on tenant farms. Upgrading the energy
efficiency of the farm disturbs the tenant but often with no immediate returns. Changing
farm practices are difficult to achieve when a tenant farmer has different priorities.

•

Scottish Government intention to increase woodland welcomed. But it was pointed
out that there would be competing pressures in that the most suitable land for woodland is
that devoted to livestock farming. Scotland has a niche in such farming and there is a
danger of damaging prospects unintentionally.

•

Contrasting views about the potential of low-till cultivation. We visited a farming
enterprise with farms being ploughed conventionally and by low-till methods (Mackie’s
Dairy Farm). The low-till farm seemed to be less prone to waterlogging and was apparently
accumulating carbon in the soil. The Scottish Crop Research Institute identified the need
for more research before drawing conclusions.
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Box 8.11 Competing policy objectives and the need for joined-up
environmental legislation – wind energy generation on carbon-rich soils.
The highest development potential for wind farms directly overlaps with the soils containing
the most carbon (see map of land capability for wind turbines beside a map of peat distribution
© MLURI) hence there are trade-offs to be considered if care in construction in such new
developments is not taken.

Construction of wind turbines on peatland can result in large areas of peat being extracted thus
removing or diminishing the supply of ecosystem services (habitat for biodiversity; carbon storage,
water regulation) that such land provides. Payback calculations (Nyak et al., 2010) suggest that the
carbon lost during construction can be repaid in relatively short periods of time, depending on the
construction method used and depth of peat and new policy guidelines seek to minimise any
disruption and payback time.
However, peat removed from such sites can be designated as waste or land-filled on site in borrow
pits rather than reused for restoration. Advice to landfill surplus peat seems to be counter intuitive
to combating climate change principles, as the peat will decompose without the benefits of water
storage and habitat protection. This highlights the mismatch between environmental regulations
and the new opportunities and measures required to face up to climate change. Thus facing up to
climate change presents new challenges to existing legislation. Photo of borrow pit being filled
with peat extracted from wind development site. Note truck at base of pit for scale. © SEPA
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•

Demonstration low-carbon farms extremely well received. This was confirmed by the
response to two presentations attended by the committee (Westray, SEBG). Examples carry
weight and are a powerful way of encouraging change.

•

Positive response to efforts to produce a simple farm-based carbon calculator.
A variety of such calculators exists. Convergence on a common set of principles behind
such calculators would promote their take up.

•

Biochar217 could be used to store added carbon in soils. But to optimise this requires
biomass grown in the form of short-rotation coppice or woodland.

•

Lack of leadership a common refrain. This is especially targeted on the Scottish
Government’s Land Use Strategy which, during the early stages of the Inquiry, was
expected to be spatially-referenced. There was clear disappointment when it emerged
that initially the LUS would not be spatially-referenced. This was a missed opportunity.
Farmland at Kincraig Point, Fife.
There is a need for further
research into farming methods
and their impact on soil carbon.
© Patricia & Angus Macdonald /
Aerographica / SNH.

Implications of the Inquiry findings
> Further efforts should be made in Scotland to enhance our knowledge of the land’s capability
for carbon capture and a new look at the subsidy schemes to achieve this more effectively.
It may even be possible and desirable to have a national target for soil carbon stock as a future
National Performance Indicator in order to reflect on the importance of this natural resource.
> Use of the land in a changing world presents Scotland with probably more opportunities
than problems. The land use strategy is a major milestone in this area, but we feel there is an
urgent need for the Scottish Government to identify more specific delivery mechanisms, for
example, more spatially-explicit indicative land-use planning information and guides at
regional and local levels.
> Some areas with an opportunity to mitigate climate change are managed by specialists in
farming and forestry, but not in the integrated land use management approach needed to
optimise carbon reductions. Since large areas of our land are managed for
multifunctional purposes, there is the opportunity to tackle the cultural and educational
issues involved. Scotland’s land education sector could take this on by recognising the need
for training managers in multifunctional land use.
217 Biochar is charcoal created as a by-product of energy production by pyrolysis (gasification) of biomass.
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> Use of decision systems that encompass multiple objectives and include people in the
decision-making process are desirable, but more and better quality data will be required for
effective decisions. The multifunctionality of land and multiple beneficiaries beyond
individual land owners mean many people need to be involved. If people benefit more widely
by land being managed in less productive ways, then landowners will need to be incentivised
to do so. The Scottish Government should consider further how to use incentive schemes to
bring about real change, for example through payments for ecosystem services, including
sequestering carbon in trees and soils.
> More complex decisions and planning contexts mean there is a strategic need for greater
availability of land use information to make information available for planners, policy
advisors and land managers. Greater information sharing is required so that land managers
and their advisors can make more informed decisions. Soil and land use information systems
are required to stimulate greater consideration of alternative management strategies.
The Scottish Government can make this happen by coordinating and funding data provision
for all.
> Farming technology in terms of GPS-driven precision farming, plant breeding (including
GMOs) are starting to focus not just on yield but also on optimising yield and reducing
greenhouse gas losses. Savings in energy and resources (fertilisers) also help combat climate
change and land managers need to be more aware of these double benefits.
> A common set of principles is needed for carbon calculators for land managers that
encompass not just farms but estates and forestry. If the Government is incentivising such
schemes, it needs to define a standard for carbon calculators, or select a single recognised
calculator.
> Several countries are putting specific targets in place to protect soil carbon, and government
and regulating agencies should do so also, after a consideration of the evidence and proper
consultation. The Scottish Government could develop further National Performance
Indicators to help meet land use and climate change policy objectives. For example, national
targets for minimising losses and increasing soil carbon in managed land would not only
reduce greenhouse gas, but would enhance the nation’s soil fertility and resilience to future
climate change.
> Farms have great potential to become energy providers and in themselves make the landbased primary industries carbon-neutral and probably carbon-positive, and this should be an
aim for individuals, companies and the nation.
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CHAPTER 9 DELIVERING A LOW-CARBON FUTURE: CIVIL SOCIETY
Key points
• Substantive, deliberative engagement of civil society is fundamental to attaining Scotland’s
carbon reduction targets, and to creating a prosperous low-carbon society. Public
engagement makes democracy more effective, rebuilds trust in politics, and is a catalyst
for people acting together.

• All civil society organisations, not just the environmental movement, can form alliances
to make demands on governments and businesses for responsible leadership and investment.

• Community partnerships between businesses, local authorities, social enterprises and civil
society groups are a practical means of achieving significant change.

• The starting point for public engagement is political leadership by example through
prominent, consistent action to demonstrate in all spheres of government, the principles
of sustainability. This can overcome public cynicism, and educate people about what needs
to change in their own lives

Wider context
In its 2010 report, Making Good Society, the Commission of Inquiry into the Future of Civil
Society in the UK and Ireland218 concludes that plausible solutions to the major public issues of
the day, notably political distrust, economic crisis and climate change, are inconceivable without
significant engagement of civil society.
This chapter describes briefly our understanding of civil society, and how it is distinct from the
spheres of state and market. It explores the responses exhibited to understandings of climate
change across some different domains of civil society in Scotland. Evidence from civil society
bodies, gathered during the Inquiry, demonstrated the breadth of, and future potential for,
constructive and progressive public engagement in responding to social, political and economic
implications of climate change. Case studies are drawn from evidence, including that
contributed by social movement organisations such as Stop Climate Chaos, local Transition
Groups, voluntary organisations such as RSPB, SCVO and Development Trusts, faith groups such
as the Eco-Congregations, and bodies which seek to bring different social strata into structured
interaction, notably the Scottish 2020 Climate Group219. Lastly, the chapter considers the
implications for government policy and practice in seeking constructive public engagement over
mitigating and adapting to climate change.
Defining Civil Society
Concerted civil society action develops out of people coming together to articulate and share
concerns about their lives and the lives of others and, more broadly, the state of the world. Its
qualities of spontaneity contribute to making societal change possible. It follows that this is not
something that can be engineered by governments, because social activity is not controlled by
governments. What needs to happen is that people see the point of acting together to express
care for themselves and others, and to make appropriate changes in their lives, attitudes and
behaviour. Governments can interact widely and constructively with civil society, and in the
process work to make democracy more meaningful, to improve the quality of life for many
people, and to enhance social resilience.
This begs a key question: what is civil society anyway? The short answer is that civil society is a
social space between the intimacy of family life on the one hand, and the impersonal power of
government and state institutions on the other. Through this sphere, people interact for
practical and instrumental purposes, as well as spontaneously, in all kinds of settings. They may
do so for expressive reasons as well as for practical ones, and often a combination of the two.
Civil society activity plays an important part in understanding and defining ourselves as ‘social’.
218 Commission of Inquiry into the Future of Civil Society in the UK and Ireland, 2010, Making good society, Carnegie UK Trust
219 http://2020climategroup.org.uk/
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As the late Neil MacCormick, professor of law and political activist, once pointed out, the truth
about human individuals is that they – we – are social products, not independent atoms capable of
constituting society through a voluntary coming together. We are as much constituted by our
society as it is by us. The key point is that we are not at the outset freestanding individuals who then
come together as members of society; rather, how we think of ourselves, and how we act towards
others, is fundamentally a social process. How others see us and treat us is basic to our sense of self
and to how we behave. This means that we are not simply ‘consumers’, creatures of the market, who
know independently of society what our needs are. Nor, on the other hand, are we simply ‘citizens’,
creatures of the state, who carry out its bidding. This is what makes society ‘social’ – or ‘civil’ – as
opposed to simply political (defined by the state) or economic (defined by the market).

Civil society action on climate change
The strength of civil society lies in cross-cutting alliances and influences. In everyday life we
interact with other people in a multitude of ways, because it suits us to do so. Many people act as
members of associations and organisations. Voluntary work spans most age groups (apart from the
very elderly) and all social classes. Such activity typically involves working with children, schools,
young people, and neighbourhoods. Most people are interested in the social world around them,
usually the most local and immediate, and probably get involved as a matter of course without
thinking about it too much. Through volunteering and other informal social activities, we derive a
sense of who we are and what our concerns are, and we confirm the identity of others in return.
This does not mean that civil society is free from divisions, disputes, competing interests, concerns
about status and so on. In Scotland, diverse interests, different world views and different priorities
co-exist, and are channelled through numerous, and often cross-cutting, civil society organisations,
from arts and cultural groups, through faith groups, trade unions, voluntary organisations,
professional associations and student bodies, to local neighbourhood groups, to globally-networked
campaigning groups such as Amnesty International, Christian Aid, Oxfam or WWF. Modern
societies are associated not only with a wide range of civil society groups, but also with
‘specialisation’ and divisions of labour between groups. Hence there are, for example,
‘environmental’ groups, groups who focus on tackling poverty, or strengthening human rights, or
opposing wars, or raising money for medical research, or coping with long term diseases, and so on.
Historically it has been the environmental movement, working internationally through alliances
and networks, which has campaigned for sustainable use of resources, and for accelerated action to
mitigate climate change. Indeed the environmental movement has sometimes been charged with
caring more about ‘nature’ than about social injustice and poverty, and conversely environmentalists
have suggested that poverty cannot be tackled without action to protect natural resources. Such
disputes themselves can be interpreted in terms of the modern understanding of society and
economy as spheres which exist independently of nature. Climate change, however, confronts us
with the indivisibility of the social and the environmental. Evidence submitted to the Inquiry by
civil society organisations shows increasing awareness of the impact of this dichotomy, as well as
concern about how priorities may need to be rethought, to create more collaboration between
groups. For example, the Scottish Council for Voluntary Organisations (SCVO) commented:
‘Two of the underlying themes to SCVO’s work are to promote equality, and to take, promote and embed
a sustainable development approach. We recognise that unmitigated climate change challenges those
values. If we do not carefully nurture our natural environment, the social and economic implications
of climate change will be disastrous for communities around the world. It is the most vulnerable
in society who are already being hit hardest by the impacts of such change and yet it is often those
same groups, living low-carbon lifestyles, who are least responsible for the high emissions levels.’
(SCVO written evidence to Inquiry, p.1).

The challenge for civil society organisations then is to find common ground in articulating, to
the widest cross-section of the public, the risks to human prosperity of unmitigated climate
change and rising energy costs, and to engage people in the actions needed to reduce its impacts.
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Case Studies
A key organisation which is prominent in facing this challenge through constructive
collaboration is Stop Climate Chaos Scotland (Box 9.1). The organisation includes groups from
environmental and international organisations, trade unions, faith and other groups with a
combined membership of some two million people in Scotland.

Box 9.1 Stop Climate Chaos Scotland (SCCS)
Stop Climate Chaos Scotland is a broadly-based coalition of civil society bodies formed by
trade unions, environmental and international development organisations, faith and
other groups to campaign for international government action on Climate Change, so
that emissions are falling irreversibly by 2015. Launched in 2005, SCCS is focused on
co-ordinating events, community involvement and knowledge distribution and aims to
influence government decision making relating to environmental policy. Their aim is to
make Scotland an international standard bearer in dealing with climate change.
Obstacles/Barriers:

•

common negative associations with the terminology of ‘climate change’;

•

the public perception of the responsibility for action lying with government;

•

actions to support environmental resources are perceived as bad for the economy.

Opportunities/Actions

•

working together, through coalitions which build common interests, provides
opportunity to induce significant social change supportive of a low-carbon society.

Further information: http://www.stopclimatechaos.org/scotland

The work of such voluntary and community organisations is a key constituent of civil society
activity, and their experience is central to engaging with a wide range of people over contentious
and complex social problems: ‘The voluntary sector’s networks reach right across society and
with so much activity at both national and local level, community organisations can promote
engagement on climate change as part of what they do, making it relevant to local and national
audiences’ (SCVO written evidence to Inquiry, p.3). Globally- and locally-coordinated
campaigns, such as those represented by the approach of SCCS, have already influenced
governments, investors and global corporations, in holding them publicly to account and raising
questions about their responsibilities for funding climate change mitigation and adaptation.
Scottish government, local and national, can build on such campaigns in developing systematic
public engagement and shared responsibility for the transition to a low-carbon society.
Given the wide range of groups involved, it is interesting to see that SCCS identifies three main
barriers in moving to a low-carbon society. The Inquiry team discovered the same three. The first is
the negative thoughts associated with the topic of ‘Climate Change’, based mainly on the fear that
any moves to address it will cause standards of living to fall. The second is to blame governments
and political leaders, probably because the problem is complex and ‘someone must be at fault’. The
third is the fear that any attempt to protect the environment will damage the economy.
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Local communities
In addition to coordinated action designed to influence public policy, much of civil society
activity focuses on specific places, local practices and relationships. Community action of this
kind, especially where it includes management of shared assets and resources, contributes to
improving the resilience of communities as well as mitigating climate change, as argued by the
IPCC (2007)220 and the Sustainable Development Commission Scotland221.
Groups whose primary purpose includes addressing climate change may commit to the
practical transition to low-carbon living arrangements in their own locale. A notable example
is the Transition Towns movement (Box 9.2). Such groups may be active in international
alliances to lobby governments and/or challenge business practices, but their first concern is to
demonstrate what can be achieved through local collaborative enterprise.

Box 9.2 The Transition Towns movement
The Transition Towns movement is an example of a civil society organisation aiming to
stimulate direct change deriving from local concerns, rather than attempting to lobby
governments. The movement develops its own formulations of how to move from large-scale
consumerism to more localised, resilient forms of production and consumption.
The first Scottish group (PEDAL) was in Portobello, and this group was instrumental in
forming a support organisation to assist establishment of other Transition initiatives. PEDAL
is an exemplar project in the Climate Challenge Fund. There are now around 40 Scottish
groups, with a proportion receiving funding from the Climate Challenge Fund. They work
on energy saving, food and transport through projects devised and controlled locally.
Obstacles/Barriers:

•
•
•
•
•
•

public inertia and uncertainty;
media scepticism;
the focus on short-term economic gain, with climate change perceived as
‘tomorrow’s problem’;
lack of visible practical political action from Scottish Government;
planning processes;
short-term funding under CCF.

Opportunities/Actions

•

addressing local concerns allows norms to be changed to support sustainable living;

•

the transition movement allows everyone to engage in a practical way, whether
growing food, reusing and recycling resources, organising events or working to
improve energy efficiency in the area.;

•

bringing different social networks into contact strengthens local community and
enhances shared knowledge about the range of expertise and skills available locally;

•

developing a story for Scotland – drawing on historical cultural knowledge about
ways of living, and using land and water, without dependence on fossil fuels;

•

locally-controlled social enterprise as model for sustainable economic activity.

Further information: http://www.transitionscotland.org/

220 IPCC, 2007, Contribution of Working Group III: Mitigation of Climate Change, Cambridge University Press, Cambridge, United Kingdom and New York USA
221 Sustainable Development Commission, 2010, The Future is Local: Empowering Communities to Improve Their Neighbourhoods, www.sd-commission.org.uk
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The barriers to change are familiar, with special mention of public uncertainty, partly fuelled
by media scepticism, the concern with short-term economic gain as opposed to ‘tomorrow’s
problem’, and the perception of a lack of coherence of government action, as suggested for
example by plans for new roads. The opportunities of a local approach are well articulated, with
mention of the advantages of practical engagement, bringing together different social
networks and skills locally, and developing a narrative of how Scotland can thrive without
dependence on fossil fuels. The Transition groups demonstrate both the depth of understanding
of the implications of climate change which many people already have, and provide insight
into the potential for change arising out of collaborative action. Within any neighbourhood,
given willing labour and appropriate resources, much can be achieved.
Local action to create projects for energy efficiency, community renewables, food growing, or
improving local cycling or walking routes encounters obstacles which often stem from a
combination of complex regulatory requirements, lack of finance and eventual ‘volunteer
fatigue’. Those involved in such projects encounter what they experience as a minefield of crosscutting regulations and economic policies, which may erode the commitment of volunteers.
They also encounter the challenges of fundraising, at a time of limited availability of loan or
grant finance accessible to non-specialists. One example of this in a rural context is the Comrie
Development Trust (Box 9.3). On a visit, the Inquiry team learned of the difficulty of applying
planning regulations on land formerly owned by the Ministry of Defence, but also of the
success that can be achieved when working closely with government and local authorities.

Box 9.3 Comrie Development Trust
The Comrie Development Trust is highlighted as an example of what can be done to tackle
climate change within a locality. The Trust aims to develop the local area in a financially
and environmentally sustainable manner that provides benefit for local people, groups and
businesses. They have been recognised as an example to follow and are aiming for funding
self-sufficiency by 2014. Examples of environmental good practice include local energy
efficiency measures, allotment developments, businesses using locally produced food,
ecological building construction methods, learning events for all aspects of sustainable
development, providing information to local architects in eco-construction, and renewable
energy sources. Plans are in place for further innovation that includes a heat from waste
scheme, a street-by-street energy audit and demand reduction project, focus on personal
responsibility, further development of composting, wormeries and recycling facilities.
The Climate Challenge Fund has provided a vital source of financial support.
Obstacles/Barriers:

•
•

lack of future funding threatens to slow current progress;
planning constraints have provided a number of challenges to be overcome.

Opportunities/Actions

•

Comrie Development Trust provided a framework for other community groups
to follow;

•

good dialogue with government and planning authorities was fundamental.

Further information: http://www.comrie.org.uk/comrie-development-trust.html
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The Inquiry Committee visited the Westray Development Trust in Orkney to see how a local
group had harnessed the benefits of wind power to reverse population decline and permit
sustainable development (Box 9.4). The community aims to provide all its energy locally and to
use the proceeds from surplus electricity sold to the National Grid to fund other developments.
A critical step forwards was success in borrowing from a ‘green’ bank in order to leverage funds
to cover the initial costs of a 900 kw turbine. Other remarkable barriers were the 800 legal
documents needed to install a community turbine, and the extra borrowing costs involved
because of uncertainty over the capacity of the grid to accept all the electricity generated.

Box 9.4 Westray Development Trust
Westray Development Trust is a community project on Orkney aimed at ‘developing
economic, social and cultural sustainability’ within the island community, the project was
initially started to address the issue of population decline. Now the Trust includes projects such
as a community turbine, an anaerobic digester, small turbines for community buildings,
and an electric car development programme and aspires to 100% energy production from
community renewable projects by 2012. Funding has been secured from organisations such
as the Energy Saving Trust, and the Big Lottery fund, as well as a loan from Triodos Bank.
Obstacles/Barriers:

•

large volumes of administrative work can be required to initiate a renewable energy
project (800 legal documents were required for a community wind turbine);

•

CERT (carbon emissions reductions targets) were seen as less cost effective in
communities with a small dispersed population;

•

centralised control over certification of insulation installers prevented island
populations from accessing services or from developing the means to provide a
local service;

•

poor maintenance of the National Grid leads to communities on its periphery
being overly susceptible to inefficiencies within the network, and down times.

Opportunities/Actions

•

Westray Development Trust illustrated what a community could achieve with
collective willpower;

•

simplification of the planning application process would facilitate environmental
planning in the future;

•

in relation to energy supply, a dynamic active managed electricity network,
which monitored voltage quality, switched on and off sources to maximise quality
and re-routed supplies if there were local problems, would be preferable.

Further information: http://www.westraydevelopmenttrust.co.uk/
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Initiatives such as the Scottish Government’s Climate Challenge Fund222 provide critical
infrastructure support for substantive action by enabling local groups to finance projects which
they are able to control and develop. The three-year funding horizon was, however, perceived
by many of those involved as too short-term to embed sustainable changes in local economic
practices. Many also perceived funding criteria as overly-restrictive, because they excluded
society-wide NGOs, with a local presence, from engaging in action to establish local projects.

Implications of the Inquiry findings
Campaigns by civil society coalitions and organisations are evidence of public concern about the
risks to society of unmitigated climate change, and have exerted powerful pressure on the
Scottish Government to create strong climate change legislation and policy. Broadly-based
engagement between civil society, market and state will be the essential requirement for
successful implementation of those policies, and for sharing the costs and benefits equitably. The
Inquiry Committee recommends specific actions that will help in bringing this about.
Integration of activities
Whilst there is a major global dimension to debates about equitable sharing of costs and benefits,
such issues can also be addressed meaningfully at local levels through partnerships between
different strata of Scottish society, including business, financial investors, social enterprises, all
public services and civil society. A systematic approach to developing such partnerships can be
instrumental in overcoming the division between ‘top down’ and ‘bottom up’ approaches to
change, whereby governments pass legislation on the one hand, or, on the other, we rely simply
on grassroots action to set the world to rights. The model we have in mind is exemplified in the
2020 Climate Group223 which is intended to bring business, voluntary and public sectors
together to achieve Scotland’s targets, and the transformational changes required by the Climate
Change Delivery Plan 224. It is critical that this group takes seriously its responsibilities for
leadership and substantive action, and goes beyond business as usual to develop substantive
actions across Scotland.
Alliances between civil society organisations, such as that exemplified by Stop Climate Chaos
Scotland, are critical to finding common cause across different social interests, in order to bring
pressure to bear on business and state sectors to implement Scotland’s significant and wideranging climate change and low-carbon transition policies.
Enabling and empowering local communities
Localised economic strategies, including community stakes in sustainable energy developments,
are critical sources of resilience in adapting to climate change, and they provide both symbolic
and material shares in transition to a low-carbon society. We need neighbourhood partnerships
between communities, businesses, landlords, energy companies and social enterprises in every
part of Scotland to achieve significant energy efficiency in buildings, travel and consumption,
and to lead the development of renewable energy suited to local circumstances225. This needs to
be initiated by the Government, as part of its work set out in the 2010 Low Carbon Scotland Public
Engagement Strategy. Once such a framework is established, however, neighbourhood
partnerships can best be facilitated by local authorities, through the nomination of a single point
of contact, a ‘low-carbon transition’ ambassador for every authority, for local groups, businesses
and social enterprises. Some relevant forums already exist, usually as part of community
planning partnerships, but these need to be given more direct powers, and best practice needs to
be rapidly disseminated across Scotland.
222 http://www.keepscotlandbeautiful.org/ccf.asp
223 http://www.2020climategroup.org.uk/index.php
224 Scottish Government, 2009, Climate Change Delivery Plan
225 Sustainable Development Commission, 2010, The Future is Local: Empowering Communities to Improve Their Neighbourhoods www.sd-commission.org.uk
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Access to local finance
Making such partnerships meaningful will require predictable, accessible low-carbon finance
for neighbourhood projects, whether in the form of grants or low interest loans, for initiatives
on energy efficiency, renewables, transport, food and waste. Community-scale finance could be
made available from UK central government carbon taxes, use of local authority prudential
borrowing powers, and community infrastructure levies, as well as opportunities for tax-free
investment in ‘green bonds’ or mutual funds (Chapter 8.1). The return on such investment is
measured by the extent to which it makes neighbourhoods more able to take decisions about how
their areas are managed, more able to use resources efficiently, and to decide where any income
should be invested to improve local infrastructure and long-term wellbeing. Locally-oriented
economic activity contributes to jobs, to understanding of the meanings of low-carbon living
arrangements, and to decentralised forms of organisation, which improve resilience and security
and create a sense of responsibility for local infrastructure.
Public engagement
Meeting Scotland’s emission reduction targets, and creating a prosperous low-carbon society,
will require substantive public engagement, beyond consultation and the limited debate
characterised by sporadic news items, headline messages and short-term initiatives. Civil society
has a critical role, because it provides social space where greater trust can be built through shared
experiences and articulation of common goals. It is the basis for stronger deliberative democracy,
which requires capacity for listening, argument from evidence rather than personal interest, and
action to draw a wide range of groups into discussion. While simple agreement is likely to be the
exception, local perspectives need to be heard, in order to achieve some shared understanding of
the relevance of climate change, and the meaning of low-carbon transition for day to day life.
Deliberative engagement is a means to move beyond the limits of individual actions, to enable
everyone to understand their responsibility to act.
Political leadership
The starting point for stimulus to thorough public engagement is political leadership through
prominent, consistent action. This can overcome public cynicism, and educate people about what
needs to change in their own lives:
‘People are looking for stronger leadership which establishes policies to complement the ambitious
emissions targets which Scotland has set and to demonstrate how change will be achieved; at present
there is an apparent hesitancy from government to be bold and concern about the relative popularity of
the necessary measures… Overall, our resistance as a society to thinking long-term represents a
fundamental barrier’ (SCVO Evidence, p.5).
Ministers, politicians and government officials have to lead by example in prominently
changing habits of resource consumption to highlight the key principles of reducing, re-using
and recycling. These principles apply to energy use, energy efficiency, retrofitting of existing
buildings, thorough enforcement of zero-carbon building standards and energy certificate
requirements, innovative flexible working and video-conferencing to cut travel, low-carbon
procurement for all goods and services, and planning decisions which drive low-carbon
transition and local economic development. The reasons for such changes need to be explained
through multiple channels and in multiple forms to suit the audience. Public broadcasters,
popular press, social media, educational institutions, business and employers’ associations,
community planning partnerships and forums and civil society organisations all need to be
drawn in to explaining the reasons for cutting carbon emissions, publicising Scotland’s priorities,
enhancing understanding of the social benefits and highlighting the leadership example being
set by government.
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CHAPTER 10 MULTI-LEVEL GOVERNANCE:
OPPORTUNITIES AND BARRIERS TO CHANGE
Introduction
The main conclusion from our 18 months of collecting evidence is that there is a desire for a
change to a more sustainable lifestyle and a positive vision of what Scotland could achieve in a
low-carbon society. But this enthusiasm is tempered with puzzlement, or even frustration, that it
is proving so difficult to implement change. The goal of a low-carbon society is clearly putting
strains on our current structures and practices of governance. There is an abundance of
discussion, leading to policy recommendations that affect activities at the level of the EU, the UK
Government, Scottish Government, local authorities, local communities, families and
individuals. However, the integration of implementation strategies at all levels, from national to
local, is missing. There is sometimes a clear disconnect between parallel policies in different
spheres of interest and also between different levels of governance. Other problems arise when
seemingly progressive low-carbon/equality policies interact in an unanticipated way with other
existing or new policies.
This chapter brings together the findings in previous chapters and identifies priorities for action.
First, we structure our analysis around different levels of governance, further subdividing issues
according to different groups of actors at each level. The purpose is to try to offer a coherent
overview of actions needed from international/national to local level. Identification of these
barriers and the recommendations to overcome them are developed in this chapter and brought
together in the introductory chapter. In the second part of this chapter, we identify barriers that
are specific to particular sectors and are thus relevant to particular groups of policy makers.
These supplementary recommendations are to tackle the barriers within these particular policy
areas. Our hope is that an attempt to tackle these problems at different levels will add coherence
to the drive to a low-carbon society. Such coherence will provide the joined-up approach
necessary to garner the support and trust of the public.

Barriers and principal recommendations
International/UK/Scotland
European Union
Since much UK and Scottish environmental policy is driven by EU initiatives, it is appropriate to
begin this assessment of multi-level governance with emerging initiatives by the European
Environment Agency, aimed at measuring and monitoring the progress of its members towards
sustainable economies. Making progress towards a low-carbon society is a key component in
sustainable development. The emerging environmental guidance, which is currently under
consideration, will report on five indicators of environmental quality and wellbeing, and
provide a valuable metric of progress towards both goals. In addition to GDP, there will be
analyses of resource efficiency, including water, natural capital, forests, agriculture and
biodiversity, environmental clean technologies (ECT), greenhouse gas emissions, poverty, and
employment226. This agenda closely matches the vision of a low-carbon Scotland, in that it
integrates environmental, social and economic affairs. It involves the integration of renewable
energy generation, energy efficiency measures, transport (reducing the number of car journeys
to, from and at work) and land use. At the very least, this initiative by the European
Environment Agency is a stimulus for action. The key question for Scotland is how we will
compare with other countries of comparable size in Scandinavia, or other devolved nations such
as Wales.
226 Professor Jacqueline McGlade, EU Environment Agency, 2010, oral evidence to the Inquiry.
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Electricity
An area of potential difference in energy policy between the UK and Scottish Governments
concerns the future development of the UK national grid. The Inquiry team heard a wide range
of different views and hence our concern that a strategy should be clarified. We listened to views
from industry, SMEs and local councillors in urban areas and rural communities that there was
concern about the future of renewables in Scotland. They were collectively concerned over
problems of access to the grid and its current design and management.
One fear is that the lack of a direct interconnector with northern Europe will prevent the optimum
exploitation of Scottish wind, tidal and wave-based renewables. Discussions with officials at DECC
confirmed that an interconnector with Norway would help maximise the potential of renewables
in Scotland, since it would allow the use of Norwegian pump-storage capacity to supplement
Scottish supplies when demand peaked or wind-generated electricity periodically dipped. At
present, such a link helps Denmark to optimise its renewable energy generation. Further, it would
increase the opportunities for the export of electricity to the Continent.
The Inquiry team heard different visions of the future of the grid. For example, the projections for
the UK grid and generation sources outlined at Holyrood’s Delivering 2020 conference in
Edinburgh (June 2010) by the Commercial Director, Transmission, National Grid, seem to imply a
centralised UK grid in the future, relying on renewables from offshore in the first half of the 21st
Century, but returning to a centralised system based mainly on nuclear power in mid-century227.
Such a view would seem to constrain the scale and duration of the renewable revolution in
Scotland and could be particularly damaging in view of the present Scottish policy of not renewing
nuclear power stations. In contrast, officials at DECC argued that the huge resources of wind, tidal
and wave-based energy in Scotland are needed if the UK is to meet its carbon-reduction targets.
This latter scenario seems to line up with a vision of a smart, flexible grid in Scotland, with longterm generation from renewables and storage distributed across the grid228. It is this latter longterm renewable strategy that offers the economic and social advantages to Scotland.
There are also issues concerning the capacity of the grid to accept renewables, especially in the
more remote parts of Scotland. The visit of the Inquiry team to Westray revealed that restrictions
not only reduced the potential amount of electricity produced from renewables but, because this
reduced the financial payback, made it more difficult to get loans to build a turbine in the first
place. Many of the problems relate to how the grid is managed and the Inquiry heard from senior
advisors that, if the UK adopted different transmission standards, the capacity of the grid could be
increased229.
The range of views about the future shape of the grid, its management, the energy mix, and the
need for, and location of, interconnectors to the continent requires urgent discussions between the
Scottish Government, the EU and UK Government. It is so crucial to the future of a low-carbon
Scotland and the potential gains to come from a renewable revolution that we include as a Primary
Recommendation:

1. The UK Government should urgently improve the infrastructure and management
of the electricity grid in Scotland to optimise the development of renewable energy,
and to permit the export of surplus renewable energy.

227 Alison Kay (Commercial Director, Transmissions, National Grid), 16 June 2010, speaking at Holyrood’s Delivering 2020 conference, Edinburgh.
228 Professor J. McDonald, University of Strathclyde, evidence to Inquiry, 2010.
229 Professor David Mackay, Chief Scientific Adviser, DECC, oral evidence to the Inquiry, 2010.
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Environmental regulation
The Inquiry discovered that on many occasions, and in different circumstances, existing
environmental legislation implemented in the past was impeding efforts to move to a lowcarbon society. When asked why this was, the response was often to point to EU legislation. The
Inquiry team is not wholly convinced by this argument.
We have discussed this issue with SEPA and welcome their willingness to investigate certain
environmental issues. Since much environmental legislation derives from the EU, it is good to
see SEPA involved in the EU EPA-Network which provides the opportunity to share good
practice directly throughout 34 European countries. Most recent EU environmental legislation is
via Framework Directives, facilitating different national approaches to achieve commonlyagreed outcomes, with considerable latitude to follow different solutions. With this in mind, we
note in Chapter 7.3 that EU water quality regulations, generally interpreted in the UK as ‘end-ofpipe’ solutions, require significant carbon-intensive investment in water and waste water
treatment. An alternative river basin approach using integrated land use and water management
to improve the quality of inputs to water supply reservoirs and the processing of waste water can
bring wider environmental benefits at lower cost in terms of carbon. Again, the introduction of
any micro-hydro scheme on a river can be viewed as detrimental to the status of the river on
strict hydromorphology grounds and thus we understand SEPA’s preference for fewer, larger
schemes230. And yet it can be argued that a river with micro-hydro schemes is yielding wider
environmental and social benefits. It is the small-scale developments that are often more
valuable to the scattered farms and small settlements typical of the rural community.
SEPA could also take firmer control of the low-carbon agenda when applying environmental
regulations. The example of a whisky distillery supplying its barley waste to a local farmer to
spread on the land to fertilise it provides a telling example231. Because the fertiliser was classified
as waste, there was a charge both to the distillery and to the farm that had to apply for
permission to distribute the waste block by block. If the barley waste is classified as a by-product,
there would be no charge, other than the cost of transport, and less bureaucracy. The operation
would still be regulated by the relevant water quality standards. This issue was also raised as a
problem by the Scottish Council for Development and Industry (SCDI).
The Inquiry team believes that this problem affects fields other than the examples we quote. The
transmission standards on the grid seem to be another example. Changes will involve reviewing
cross-cutting regulations at EU, UK and devolved level, but there is scope for immediate changes
in implementation within Scotland. Since efficient and effective regulation is of key importance
to the low-carbon strategy, we include as a Primary Recommendation:
2. The Scottish and UK Governments need to retrofit existing regulation to achieve
a balance with the need to reduce carbon emissions.

Scottish Government
During the course of the Inquiry we heard from experts in various fields ways to catalyse change
towards a low-carbon society at a national scale. Many of these ideas involved investment from
private industry and government, and many others pointed to a smarter way of doing things.
These are examples where the Scottish Government has the power to make a difference and not
all require extra costs.

230 SEPA, 2010, Balancing Act: Tapping into Scotland’s water environment, SEPAView, Spring, 2010, 46, 2-5.
231 Dr Maitland Mackie, 2010, oral and written evidence to the Inquiry.
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Energy efficiency (buildings and transport)
Buildings
Improving the energy efficiency of buildings emerges as perhaps the single most important way
in which Scotland can make rapid progress in reducing its carbon footprint. Heating buildings
in Scotland produces ~9 million tons of carbon per year, equivalent to 1.8 tons per person per year
(Chapter 8.4). In 2008, the residential sector contributed 14% of Scotland’s total carbon emissions.
The Inquiry team discovered widespread disappointment, both about the poor quality of housing
and the slow progress being made in improving it, especially in retrofitting the existing 2.4
million properties. This lack of effective progress is a missed opportunity because improvements
would bring important additional benefits: (a) the reduction in demand for energy would begin
immediately and thus help Scotland to reach its carbon reduction targets in the coming decade, a
time when the impact of renewables in reducing carbon totals is still limited and yet to ramp up;
(b) it would bring employment to many SMEs (electricians, plumbers, builders) distributed in
settlements of all sizes throughout the land and help increase the level of skills; and (c) the
upgrading of housing is a way of supporting initiatives at a community level.
The overwhelming view of many respondents is that the Feed-in Tariff (FIT) and Renewable
Heat Incentive (RHI) are powerful policy instruments, but that they need more incentives
and/or teeth to release pent-up domestic demand. Germany’s impressive take-up of solar panels
combined FIT with the provision of low-interest loans. A particular problem concerns rented
property, where investment by the landlord in energy efficiency does not necessarily bring
returns so long as cheaper, less efficient properties are available for rent. Several responses from
the energy, architectural and building fraternity suggested that teeth could be added to the
legislation by linking the energy heat performance (EHP) of a house to the levels of council tax,
or perhaps to stamp duty when a property changes hands.
The Inquiry team identified specific bottlenecks which were making it difficult to achieve
change. There is need for: (a) new financial instruments to support specialist businesses in
improving existing buildings; (b) easier lending from banks to help fund private home
improvements; (c) measures to add long-term value to energy-efficient housing; (d) measures to
upgrade the insulation of rented buildings; (e) tighter enforcement of building standards on the
energy use of new build; and (f) improving the insulation of public buildings as exemplars of
good practice.
The effective insulation of buildings would make immediate inroads into Scotland’s emissions
and, moreover, the increase in efficiency wastes less resources. It is also a win–win situation in
that people would live in more comfortable houses whilst saving on fuel bills.

Transport
Transport accounts for 29% of the total energy use in Scotland and in 2008 created ~14.5 million
tons of carbon emissions. Approximately two-thirds of this energy is used in cars, with the
remainder used by light or heavy goods vehicles, trains, ferries and aircraft (Chapter 8.5). It is clear
that an effective transport strategy would make important inroads into Scotland’s emission targets.
At present, Scottish transport policy is not perceived by the general public to be an integral part of a
low-carbon strategy. They see an increase in spending on trunk roads, while the removal of bridge
tolls and local opposition to urban congestion charges seem to encourage more car journeys. The
lack of rail connections to Glasgow and Edinburgh airports is a source of comment. The view that
the low-carbon agenda has not influenced transport strategy is reinforced by the static or declining
support for existing public transport networks and the small proportion of funding (1% in 2009–10)
devoted to walking and cycling232. Plans to encourage the latter are not backed by the investment
needed to create the continuous and safe cycle ways that are common on the Continent.
232 Transform Scotland, 2010
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The Inquiry team concluded that transport priorities are not yet integrated into the
government’s thinking on a low-carbon society. In Chapter 8.5 we outline possible approaches
involving smart road-use pricing and links with other forms of transport, especially involving
travel to and from work, and at work. The overall aim would be to reduce car and van use, whilst
meeting the travel needs of people effectively and efficiently. We note two policies that are
moving in a low-carbon direction and are, or will be, popular. The policy of concessionary bus
fares improves travel options, minimises car emissions and has the additional advantage of
supporting rural bus routes. The electric Edinburgh tram, linking the airport with commercial
centres in Edinburgh, will improve travel options whilst minimising emissions by reducing the
need for car journeys.
The Inquiry team finds itself fully agreeing with the Committee on Climate Change233 that
improving heating efficiency and transport are urgent priorities. Since both spheres lie within
the powers of the Scottish Government, we recommend:
3. The Scottish Government should work with local authorities and businesses to align
and sharpen regulation in order to achieve a step change in energy efficiency in
buildings and transport.

Integrating national and local authority actions
The actions of local authorities, working at the scale most relevant to people’s lives, will largely
determine whether or not Scotland reaches its carbon emission targets. The social and economic
geography of each region affects where you live, how you travel to work, how you shop, how you
heat your house, and how and where you spend your leisure time. Local authorities play a major
role in shaping these decisions via the infrastructure and the services provided for individuals
and communities. The city regions have the potential to make the largest difference, since the
density of populations and activities in cities means that they produce the most carbon and yet
have more options to cut emissions than elsewhere.
During the course of the Inquiry we met with officials and held public meetings in the main
cities of Aberdeen, Dundee, Edinburgh, Glasgow and Inverness. In addition, we met with
COSLA and officials in Fife and Dumfries. The results of our consultations are covered in detail
in Chapter 7.1. We also held discussions with many organisations involved in building and
maintaining the infrastructure in Scotland. The most important conclusion from these two sets
of meetings is that there are startling difficulties in reconciling national and regional goals when
trying to implement change. Examples are summarised Box 10.1 and a quick scan of these is
sufficient to show that here is a major barrier impeding Scotland’s progress towards a lowcarbon society. The Inquiry team does not have the expertise or role to develop new policy but we
can at least highlight the issues faced by local authorities as an aid to policy makers. Further, we
can flag up good practice by individual authorities, as indicated in Chapter 7.1.

233 UK Committee on Climate Change, 2010, The Fourth Carbon Budget – Reducing emissions through the 2020s
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Box 10.1 Conflict between national and regional goals.
Barriers impeding a transition to a low-carbon society
identified by local authorities
Rail network. The priority of the rail network is to cut intercity journey times, whereas
regions seek more commuter stations and more local trains. This may involve refusal of new
stations for commuting (Glasgow, Edinburgh) or for economic development (Fife) and/or
delay in implementation (Aberdeen). Salary sacrifice schemes designed to encourage use of
public transport counteracted by tax decisions of HM Revenue and Customs (TRACTRAN).
National control of trunk roads and travel concessions can conflict with regional priorities
(Glasgow, Fife). Integrated travel tickets for rail and bus ruled out by competition law
(Edinburgh).
Inability to control car traffic and congestion effectively. Transport should be a statutory
requirement as in England (Aberdeen). Cannot control access for green cars as in Germany
(COSLA), on trunk roads in cities (Glasgow) and on new Forth crossing, where 80% car
journeys were single occupancy (Fife, 2006). Limited control of city parking where sold to
private operators (Glasgow). Incentives to use public transport only work in areas of
congestion or limited parking (West Lothian).
Lack of funds to develop walking and cycling in cities. 15% of journeys in Fife are less than
one mile (2006). 20-30% journeys in some European cities are by cycle (Transform Scotland).
Cycling is a low priority (Glasgow). In 2005 in Edinburgh 25% walk and 4% cycle to work or
education. Goal of 15% cycling by 2020. Asymmetry between large budget for trunk roads and
1% of total devoted to walking/cycling in 2009/10 settlement (Transform Scotland).
Combined Heat and Power (CHP) difficult to achieve. Clyde Gateway regeneration in
Glasgow has rolling development plan, each piece of which is developed separately without
integrated long-term plan. Grants related to multiple deprivation indices complicate
integrated plans, even splitting blocks (Aberdeen, Dundee, Glasgow). Expenditure requires
payback too quickly (Dundee). Unlike England, business rates are charged on CHP schemes.
Existing policies favour quantity over quality of new buildings. Choice is made between
larger number of lower-spec social houses or fewer high-spec houses (Glasgow), or between
highest efficiency standards in new school or a new gym (COSLA). Developers threaten to
build in less suitable areas away from public transport, if adjacent authorities have lower
efficiency standards (Glasgow).

By way of example, it is encouraging to see what is possible at the scale of a local authority by
looking at the case example of Thisted in Denmark (Box 10.2). Here the vision and energy of the
local council over 25 years has blended economic success, social progress and achieved a lowcarbon footprint in a town of 46,000 citizens. Thisted is an example of a town that uses
renewable energy to induce social and economic prosperity. Perhaps the success can be applied to
towns of similar size in Scotland and some lessons may also apply to larger cities.
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Box 10.2 Case study of the low-carbon town of Thisted in Denmark
Thisted in Denmark is a municipality with a population of approximately 46,000 that over a
period of 20–30 years has developed a strategy towards renewable energy production that has
resulted in 100% of electricity and 85% of heat provided to the region coming from renewable
sources, in the process reducing CO2 emissions by 90,000 tonnes.
A vast array of environmentally-sustainable measures have been put in place, for example:
• Biomass for district heating
• Biogas and manure separation in small- and large-scale facilities
• Geothermic cooling
• Geothermic heat
• Passive house technology
• Next-generation vehicles including hydrogen power
• Waste incineration for district heating
• Wave power
• Wind power
• Wind energy management
Community and industry involvement is strong, due to consultation at an early stage that
actively engages the public. Planning permission is readily obtainable and private ownership
of renewable energies has facilitated the renewable uptake throughout the region, with 251 of
252 wind turbines privately owned. A holistic strategy incorporating an overall plan for water,
heat and electricity, energy labelling of all public buildings, in addition to a collective
transport plan, aims to improve environmental sustainability still further.
Thisted is an example of a region that used renewable energy development to induce social
and economic prosperity and provides a model for other regions to aspire to.
http://www.eea.europa.eu/atlas/eea/power-to-the-people/video/
power-to-the-people-environmental-atlas-of-europe-2014-denmark/view

Returning to Scotland, the main difficulties of integrating national and regional goals revolve
round regional transport, heating, enforcing new housing standards and retrofitting existing
houses. In each case, apparently sensible policies at a national scale cause local difficulties.

Transport
Even a cursory comparison between Scottish cities and equivalent counterparts in Scandinavia
suggests that we have much to learn about balancing the conflicting demands of car usage and
public transport as an effective way of reducing emissions, whilst also improving environmental
quality (Chapter 8.5). Several local authorities pointed out that there was a conflict between the
goals of the national transport system and those desired by the regions. For example, the priority
of the rail network at a national scale is to reduce intercity journey times, whereas the city
regions seek more commuter stations and rail links to their airports. New commuter stations
have been refused in several authorities, constraining regional transport plans and economic
development as a result. Here is a clear disconnect between goals at different scales, the effect of
which is to limit the actions of local authorities.
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A similar argument applies to trunk roads and the administration of travel concessions, which
are planned and maintained nationally by Transport Scotland. Local authorities do not have the
power to control traffic on trunk roads, or to refine travel concessions to help achieve lowcarbon goals. The restriction this puts on local authorities is best illustrated in Glasgow, where
the presence of trunk roads running through the centre rules out any possibility of operating a
traffic congestion scheme. This illustrates how the arrangement, that may seem sensible at a
national level, restricts the ability of a local authority to use the full range of tools to tackle traffic
problems in their cities. We were impressed by the argument that cities should have more
control over car taxation if they are to tackle the issue of congestion and its social and economic
downsides (COSLA). Also, more control would make it easier to plan freight consolidation
centres as sought by the Scottish Council for Development and Industry, which would reduce the
number of large lorries in towns (Chapter 8.3).
Boosting walking and cycling in urban areas emerged as an area where there is an apparent
disconnect between national and local priorities. Many journeys are short and local authorities
are responding in different ways. In a compact city like Edinburgh, 25% journeys to work and
education are by foot and 4% by cycle, and here the ambition is to approach Continental levels
and achieve 15% of journeys by cycle by 2020. Comparable cycling plans in Glasgow are as yet
undeveloped. Bearing in mind the small proportion of the transport budget that goes to cycling
as opposed to trunk roads, here is a field where backing at the national scale could make a
difference.

Heating
The Inquiry team was surprised to discover how few District Heating Schemes (DHS) and
Combined Heat and Power (CHP) schemes had been installed in Scotland’s cities. Such schemes
not only reduce carbon, but they are significantly cheaper to run. Such schemes are routine in
Scandinavian cities, and, indeed, in small housing schemes. We talked to those responsible for
the relative success of Aberdeen in this field (Chapter 7.1), and to councils where several attempts
to introduce such schemes had fallen at the last hurdle. One problem is the difficulty of applying
national grant schemes at a local level. For example, grants related to fuel poverty and other
deprivation indices, often on a postcode basis, complicate implementation on an integrated basis
because they can split adjacent blocks and even a single block. Here is a field where national
policy could make a significant impact on Scotland’s emissions and reduce the costs of heating, if
it was linked more effectively to the priorities of local councils.

Quantity versus quality of new housing
The Inquiry team concluded the current building standards on new houses in terms of energy
efficiency were too low and that they were indifferently monitored. Such a conclusion is
immediately apparent to a visitor to a Scandinavian country, and it is clear that there is much to
learn from their experience. Existing regulations need to be improved and more rigorously
enforced by local authorities and private developers. It is frustrating to realise that we are still
building new houses which will be contributing to unnecessarily high emissions for years to
come. It is encouraging that a strategy for raising standards, due to come into force in 2016/17, is
now in train234. But even given where we are, local authorities face major difficulties in applying
existing national standards.

234 Sullivan, L., 2008, A Low Carbon Building Standards Strategy for Scotland, Scottish Government
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Two problems arise. Firstly, flexibility in the standard of energy efficiency means that developers
can play one authority off against another by seeking to build lower-spec houses in another less
suitable location, as has arisen in the case of Glasgow, or by abandoning building altogether
unless the standards are relaxed, as happened, for example, in Midlothian (Fig. 10.1). Secondly,
councils are faced with an impossible choice when working with fixed capital costs that could
provide either fewer high-quality houses or more lower-quality houses. COSLA gave the
example of a new school where an authority might be faced with choosing between an energyefficient school with no gym, or a less energy-efficient school with a gym (Chapter 7.1). Glasgow
City Council gave the example of the choice between more social housing built to lower
specifications, or less housing with higher specifications. Clearly, policy on how building
regulations are applied to achieve reductions in whole-life emissions from a building, needs to
find a better way of linking national goals with those of local authorities.
Figure 10.1
Headline illustrating the pressure faced by local authorities in enforcing high standards of house insulation.
Source: Midlothian Advertiser 22/04/10

Retrofitting existing houses
The 2.4 million buildings in Scotland that will be around in 2050 are a stark reminder of the
importance of effective action in improving the energy efficiency of existing houses. The
response of some local authorities is that the existing funding schemes are ineffective, especially
in relation to the rented sector (Chapter 8.4). If local authorities are to be responsible for their
emissions then, as argued above, it would help to have regulation that councils can enforce with
supporting policies, inducements (such as a meaningful council tax rebates for energy-efficient
houses), sticks and regulatory frameworks that are firm and sufficiently enabling to encourage
private investment.
The city regions are critical to Scotland’s success in moving to a low-carbon society. At present,
local authorities are finding it hard to implement change effectively and one reason is that there is
a mismatch between their responsibilities and the resources needed to meet them. There is a need
for effective regulatory and financial powers in order to allow local authorities to invest in energy
efficiency, decentralised heat and power systems and coherent transport services. As argued in
Chapter 7.1, “This might be done by recalling, and rebuilding, the historical strengths of
municipal government in improving public life and wellbeing for an era where the problems of
climate change and environmental degradation, rather than those of industrialisation, are
foremost.” For the above reason we include as a Primary Recommendation:
4. The Scottish Government and local authorities should jointly introduce truly
integrated policies in order to reduce carbon emissions at a regional level.
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Land use
There is potential for land use and soils to be managed in such a way as to reduce emissions
quickly and at relatively low cost (Chapters 4 and 6). Adjustments to the CAP regime in 2013 will
be one way of linking land use to ecosystem services more effectively, for example by rewarding
farmers for carbon sequestration, conservation and cultural services. At present in Scotland, it is
difficult to integrate the separate initiatives within forestry, agriculture, environment and
recreation to achieve an optimal result. For example, the strategy to increase forest cover to 25%
of the land will sequester carbon, but it will compete with agricultural land used for livestock, a
mainstay of the agricultural economy and the Scottish landscape. The lack of integration
between forestry and agriculture makes it difficult for Scotland to follow the integrative
agroforestry approach common in Scandinavia. Further, there is uncertainty about how
different management practices contribute to the maintenance or loss of carbon levels in soil.
We encountered contrasting views about the role of low-till agriculture in sequestering carbon
in soils and conclude that more research is needed in this important area. Encapsulating such
uncertainty, the Inquiry team were struck by the way estate owners, who take a long-term view
by nature, were uncertain how best to balance requirements for recreation, agriculture and
forestry in the future. A mapped indicative land use strategy is one way forward and could be
required in regional strategic plans. This we recommend:
5. The Scottish Government should develop a spatially-referenced national land use plan
integrated with regional strategic plans, in order to optimise carbon sequestration.

Finance
Given the confluence in Scotland of both leading financial institutions and the huge potential for
energy-efficiency measures and renewables, there is a clear opportunity for the finance industry.
There are two particular bottlenecks: (a) the need for instruments to finance the small-scale
improvements in energy efficiency for small and medium-sized enterprises (SMEs) and
households, returns on which may take a decade or more; and (b) investments tailored for
renewables which involve high start-up costs and relatively low running costs, and take longer
than 3–5 years to bring financial returns. The new Green Deal and the reforms to the Electricity
Market that are currently under consultation at UK level could be a step in the right direction in
addressing these problems. There seems to be an opportunity for the finance industry to work with
the Government to create the business environment that will mobilise private finance in support
of a low-carbon society. Establishing the Green Investment Bank in Scotland would reinforce this.

Importantly, we suggest that public finance should also be focused on supporting innovative
technologies at key stages. The investment in the EMEC facility in Orkney for wave and tidal
power has been an effective way of attracting a variety of businesses trialling different ways of
extracting energy from the sea. It has the particular merit of providing support and an enabling
facility within which different technologies can innovate. Successful operations evolve and build
up local supply chains, with the potential to involve Scottish business in development and
maintenance. A barrier which caused a delay of a year and a loss of impetus in one case was the
cost of finding insurance for a tidal installation (EMEC). It was suggested to us that a
government guarantee underwriting the insurance of such prototype installations would be a
cost-effective way by which the Scottish Government could encourage progress in such future
demonstration technologies. The case for such an approach is articulated in Chapter 4.
We look forward to proposals being brought forward by the Finance Committee of the 2020
Group into the role of finance in supporting a low-carbon society. We recommend:
6. The finance industry should take a lead and work with government to create
the business environment that will mobilise private finance in support of a
low-carbon society.
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Other organisations with a national remit
The transition to renewables, and particularly the issue of locating wind turbines, has exposed
some difficult issues for quasi-government and non-governmental environmental organisations.
The issue is how to balance the wider socio-economic case for an increase in renewables against
the local environmental case for or against a particular development. As an illustration, one
respondent writes eloquently about the problems faced by a local community in Assynt, whose
ambitions for three wind turbines were turned down235. The plans were opposed by SNH, The
Ramblers Association and the John Muir Trust.
This, and other examples, suggest, that at present, the balance is tilted towards environmental
protection. A remarkable illustration of this is a map of the Highlands and Islands, dated 2005,
showing the extent of protection against wind turbines for environmental (and low flying)
reasons (Fig 10.2). Virtually all of the windy west coast and western Highlands was excluded, and
indeed there were “issues” which trumped the potential of wind power in all but a small area of
the eastern Highlands. With many applications for wind turbines failing to get planning
permission at the time, it is no wonder that developers told us of the acronym BANANA (Build
Absolutely Nothing Anywhere Near Anybody) and have moved offshore, even though it is a
more expensive option for consumers. The estimated cost of terrestrial wind power is 9.4 pence
per kWh compared to 15.7 pence per kWh for offshore wind (Chapter 4), although the latter will
reduce over time.
Figure 10.2
Indicative composite map (available in 2005) of the issues affecting wind farm development in the Highlands, showing the small area with
no issues. Note that this unofficial map pre-dates planning changes in Scottish Planning Policy (2010). Source: The Highland Council.

In retrospect one wonders whether the environmental movement, had it seen climate change as
more of a social issue, could have done more to support the building of wind turbines, and to help
local communities build them. We recognise that many environmental organisations are
reviewing their positions over turbines and new electricity lines and it is notable that the former
RSPB policy objection to wind turbines has been reversed, even though the legacy of the earlier
opposition is still with us in the form of required bird surveys.
235 Mr Derek Loudon, written evidence to the Inquiry, 2010.
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There are other charities and professions with national reach whose practices impact on progress
towards a low-carbon society. Thus Eco-Congregations Scotland (an ecumenical charity which
promotes more sustainable living and the shift to low-carbon) now has over 240 congregations
registered in its programme. Commended by both the Scottish Parliament and the Scottish
Government for its programme of community engagement, it is a telling example of how
national churches (in this case mainly the Church of Scotland, the Scottish Episcopal Church and
the Roman Catholic Church) with a locally-grounded membership can be effective agents of
change at the individual and community level.
Perhaps the legal profession could improve its practices. The single wind turbine owned by the
community in Westray required 800 legal documents before it could be deployed! Understandably,
participants talked of volunteer fatigue. Surely the law profession could help to streamline
procedures as a contribution to a low-carbon Scotland? The Inquiry team suspects that other
professional bodies could also usefully appraise their practices in light of the need to reduce carbon
emissions. Our efforts to learn of progress among the professions drew few responses (Chapter 7.2).
In the light of the above, we recommend:

7. All organisations should appraise their goals and practices in the light of the urgency
to achieve a low-carbon society.

Integrating low-carbon activities within local authorities
It is clear from our discussions with local authorities that it is proving difficult to implement
coherent low-carbon policies. Some of the difficulties arise from the sheer complexity of bringing
together a host of policies and actions in a particular place, whilst responding to initiatives at EU,
UK and Scottish levels, implementing cuts, and adapting to changing demands from the
population. The result is that cuts in emissions are organised within individual departments in
different ways; such a disaggregated approach achieves far less than if integrated across the board.
The lack of coordination was well demonstrated by visits made to two award-winning
environmental buildings, where the energy-efficiency measures were outstanding and fully
justified the awards. However, both buildings were in out-of-town locations, had large car parks
and relied heavily on access by car. It is not difficult to believe that, had the buildings been in the
centre of their respective urban centres, the life-time emissions created by the building and the
travel of their occupants would have been far less.
The lack of joined-up thinking that such examples illustrate was recognised by local authority
officials (Chapter 7.1). The difficulty of linking planning, the electricity grid and decentralised
power generation was highlighted by COSLA. The divisions between architects, building control
and planning within individual authorities is illustrated by the inability of a local authority to
specify the type of heating in a house. Other problems arise at the interface between environment
and transport, especially where development schemes such as road widening or out-of-town
shopping centres have the effect of encouraging car use. Linking development with public
transport is a problem, especially coordinating rival bus companies to achieve an integrated public
transport system. In Edinburgh, there seems to be successful integration of bus services, and
Oxford was mentioned as another exemplar.
The overriding problem seems to be that no single person within a local authority ‘owns’ the
problem of transition to a low-carbon/sustainable society. As covered in Chapter 7.1, there was a
tendency to blame lack of powers, or leadership in other departments, or the low priority given to
the issue. The result is delay in implementing change and examples are: (a) the delay in
introducing district heating or heat and power schemes in Edinburgh; (b) the continued building
of out-of-town shopping centres; and (c) the Clyde Gateway project, which could have built in
greater cuts in emissions if it had been developed as a whole, rather than sub-zone by sub-zone.
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The Inquiry team was surprised at the low profile of spatial planning within authorities as a way
of achieving integration of the various activities and their impact on emissions. We met planners
who had been subsumed in another department (Aberdeen) and others who complained of low
morale in the profession (RTPI). This was a surprise and in complete contrast to our expectations
when perusing the central role of planning as outlined by the Director of RTPI (Box 10.3). The
guidelines provide a comprehensive approach to cutting emissions from transport, housing and
land use. Moreover, they stress the importance of balancing the needs of economic growth. Above
all they stress the importance of integration across all activities and at different scales. To an
outsider, it seems that the problems of integration within local authorities have a solution at hand.
It is to prioritise and give teeth to strategic planning. Interestingly this is similar to a
recommendation of the Royal Commission Report: Adapting Institutions to Climate Change 236.

Box 10.3 Role of planning: evidence from Veronica Burbridge,
National Director, RTPI in Scotland
General
“the RTPI considers that spatial planning has a key role to play:
• in creating, protecting and managing energy-efficient communities;
• in reducing emissions and the impacts of climate change; and
• in supporting related actions at national, strategic, local and community levels.
...We consider that planning has both a direct and an indirect role to play and makes a significant
contribution through its direct role in influencing the location, scale, mix and character of
development, and through its coordinating role in setting out the overall framework for development.”
Key extracts indicating priorities for next 5-10 years
“Planning policies relating to climate change are set out in Scottish Planning Policy (SPP). This notes
the need for development plans to promote both a locational and site-specific pattern of development
which reduces the need to travel and encourages active travel and travel by public transport.
Development plans should also require the siting, design and layout of all new development to limit
likely greenhouse gas emissions. Retro-fitting energy-saving technologies and encouraging public
take-up in existing housing stock will also be major concerns.”
“Energy-efficient, microgenerating and decentralised renewable energy systems will all be
components in the move towards reducing emissions…”
“Location, siting, orientation, design, materials and insulation are important factors in the energy
efficiency of buildings. Under section 72 of the Climate Change (Scotland) Act 2009, Local Development
Plans must require all new buildings to be designed to reduce (by a specified (and rising) proportion)
projected greenhouse gas emissions, through the installation and operation of low- and zero-carbon
generating technologies.”

“Actions should also include further consideration of combined heat and power schemes, heatrecovery systems, the implications for waste disposal strategies, and the development of heat networks
and a market for heat. Sufficient energy for electric transport systems and vehicles will require new
macro-generating capacity of abundant clean energy. The National Planning Framework should
address the location of plant and infrastructure.”
“The shift to a low-carbon economy is a major economic opportunity as well as a necessity…”
“Climate change adaptation tools for policy makers include Strategic Environmental Assessment (SEA).
Most public sector plans, programmes and strategies which are likely to have significant
environmental effects must be subject to an SEA.”
Integration
The National Planning Framework and Strategic and Local Development Plans provide frameworks
for the integration and delivery of activities relating to climate change mitigation and adaptation
across all sectors of the economy. Close links between the National Planning Framework, the Marine
Spatial Plan, and the Sustainable Land Use Strategy should be developed to address fully issues
including renewable energy generation, food supply and water management.
236 Royal Commission on Environmental Pollution, 2010, 28th Report: Adapting Institutions to Climate Change

RSE Committee of Inquiry Facing Up to Climate Change Full Report I 167

There is an ideal opportunity to address this issue, since the Commission on Public Services is due
to report in June 2011. As a matter of urgency, the Scottish Government should include the
requirement to integrate action on energy efficiency, carbon management and the move to a lowcarbon society. The Inquiry recommends as a priority:
8. Local authorities should integrate and embed their low-carbon policies across all their
various functions.

Local communities
During the course of the Inquiry, we were impressed by many local enthusiasts brimming with
ideas for their local community. Many are active members of environmental and social charities,
local societies and councils and devote energy and time to their community. This is civil society at
it best and we were struck by two things. Firstly, there is the sheer potential of this energy if it is
harnessed towards the goal of a low-carbon society. Secondly, it is a tragedy that at present so
much local energy is consumed in opposing the large wind farms that are seen to damage the local
community. The latter is a classic case where the scale of development and its ownership conflicts
with the goals of the local community. Sometimes a compromise may be reached, as in the case of
the Black Hill wind farm where a proportion of the income goes directly to the local community.
Since effective action on energy efficiency or renewables requires local knowledge and local buyin, there is a case for sweeping away tiers of regulation and episodic grant schemes and instead
introducing policies to release private initiative and finance. On the basis of our discoveries, there
are clear opportunities for communities to take a lead in: (a) installing community wind turbines
(Westray); (b) housing improvement (Comrie); (c) local transport; (d) school energy savings (Ecoschools); (e) micro-hydro; (f) bio-fuel heating; (g) waste recycling; (h) building local businesses;
and (i) growing local food and planting woodlands (Comrie).
The risk is that Scotland is missing an opportunity to use the move to a low-carbon society to
invigorate local communities. Policies could be designed which, at a relatively low cost, bring both
carbon reductions and increased local prosperity. Effective policies would remove local resistance
to large outside schemes, bring profits of wind energy to local communities, and help finance
improvements in housing, schools and other community assets. Above all, the cost of such policies
would be modest if the power of private finance is harnessed.
There were three particular areas where barriers, perceived or real, seem to be holding back
change at a community level: doubts about wind turbines, certification of suppliers, and
complexity of initiatives.
Wind turbines
Perhaps rural Scotland can take inspiration from the island communities of Westray, Gigha
and Eigg, where renewable energy schemes have been used to drive local development and have
succeeded in reversing population decline (Box 9.4). The involvement of the local community
in the Westray project from the beginning avoided planning objections and the turbine is now
generating income for the island. Two problems of general concern arose. Firstly, it was
difficult to raise the relatively high upfront capital costs. The second problem was the capacity
of the grid. Limits to the power the grid can accept reduces the payback and this in turn made it
more difficult to raise the initial capital.
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Renewable energy can be harnessed to generate income for a single enterprise and its diffusion
could change the fortunes of rural Scotland. An inspirational example is that of Mackie’s of
Scotland, full details of which are in the evidence submitted to the Inquiry. Figure 10.3 illustrates
the income stream that can be generated from windpower. In a nutshell, the initial cost of £2.5
million for three turbines was recovered in four years, since when they have been earning an
income. The chart shows the power obtained from the grid, the amount used and displaced by the
turbines, and the surplus sold to the grid. The enterprise grew in the period and cut its costs
dramatically. Further, the resultant product (ice cream) benefits from marketing its green
credentials. The significance of this example is that any community, business, school, hotel or
hospital could use the same approach to meet their electricity demand and to earn extra income.
Figure 10.3
Example of Mackie’s of Scotland dairy farm, Aberdeenshire: three Vesta V52 turbines, operating from August 2007 on the farm, provide a total
generation capacity of 2.5MW. The business uses around 40% of energy generated by the turbines, allowing it to significantly reduce energy
purchased from the grid, and sells the remainder to Good Energy (a 100% renewable energy supplier). Provided as evidence to the Inquiry.

The Inquiry team feel that small-scale wind turbine initiatives such as that described above could
have a major part to play in the economic future of rural Scotland, and indeed of some urban
enterprises (e.g. the Michelin turbine in Dundee). The trick is to get the local community involved
at an early stage, and for the financial sector to offer financial mechanisms for the community
which are tailored to the high up-front capital costs of renewables.
Energy efficiency: certification
The Inquiry team found that the national scheme to support the fitting of micro-renewables to
houses can have perverse effects in rural Scotland, reflecting a mismatch between the goal of
national policy and its effects on the ground. In order to qualify for a grant or access to Feed-in
Tariffs, an installation must be fitted by a supplier who is certified. This has the laudable aim of
preventing installation by incompetent suppliers. But the problem in rural Scotland is that the
cost of certification in relation to the limited number of installations means that it is not viable
for a local supplier (builder/plumber/electrician) to become certified. The result is that rural
homes are improved by companies from larger population centres in response to a particular
scheme. What is being missed is the advantage of a community working on a house-by-house
basis using a local business, a case argued powerfully to us by the Comrie Development Trust
and others. An enabling system to support local rural businesses of this type would be of clear
economic and social value to settlements in rural Scotland and would bring better results. It
would be yet another way of improving the links between national and regional policy.
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Complexity
A common barrier to action is the complexity of schemes, organisations and legislation affecting
local communities wishing to take an initiative. Examples are:
• the multiplicity of bodies such as Energy Savings Trust, Community Energy Scotland,
Changeworks, schemes such as FIT, RHI, CRC, ROC, EHP; forms for householders seeking
information on their MCS Certificate Number, ROO-FIT Number or MPAN details;
• the fact that the admirable Climate Challenge Fund was terminated in 2010 at a point where
less agile groups were just getting organised, thus losing impetus. Further it excluded the
participation of national NGOs such as the RSPB or Stop Climate Chaos. It is members of such
organisations that are usually active in the local community and this restriction prevented
communities from employing the leverage of the national organisation in a local context;
• restrictions to promotional schemes, for example where they applied only to insulation lying
between beams rather than above the water tank in the loft, discouraging a whole-house
approach237. Such an example may seem trivial but is frustrating to an individual seeking to
optimise the insulation of the house as a whole.
The potential of local community involvement and the current difficulties of implementation
lead the Inquiry team to recommend as a priority:
9. The Scottish Government and local authorities should actively assist local communities
to introduce low-carbon initiatives.

The role of individuals, civil society, business and the state
Individuals are involved in their homes, work, travel to work, membership of local, national and
international organisations in civil society, shopping and holiday preferences, and many other
activities that affect their carbon footprint. If individuals believe in the goal of a low-carbon
society, and have trust in their leaders and the ability to deliver, then they are a powerful force for
change. Individuals can encourage a new, more sensitive and carbon-efficient, approach to all
they do at home, at work and in recreational and holiday activities.
As argued in Chapter 9, efforts of people need to be part of a wider social action if they are to be
effective, and here the role of civil society is crucial. The turning point will come when the various
environmental, social, economic and faith groups appreciate that the challenge of climate change
involves us all in the single endeavour of making a step change in the relationship between
human society and the global ecosystem. Organisations such as Stop Climate Chaos, which bring
together groups representing the environment, society, faith groups and business, amongst others,
are an excellent start (Box 9.1). A priority would be an open and mature debate to build support for
joined-up policies, openly grasping such awkward nettles as the balance between economic
growth and wellbeing, and how best to ensure that travel needs of individuals and communities
are met effectively and efficiently.
In Chapter 9 we argued that for real progress to occur there needed to be certain crucial
developments occurring in parallel. They are:

• true integration of the activities of business, voluntary and public sectors, with the clear goal of
•
•
•
•

achieving a low-carbon society. The 2020 Group is a good example of this;
neighbourhood partnerships involving communities, business, energy companies, landlords
and social enterprises in every part of Scotland;
access to predictable, accessible low-carbon finance for initiatives on energy efficiency,
renewables, transport, food and waste;
deliberative public engagement as a means of moving beyond individual actions and helping
everyone to understand their responsibility to act;
political leadership through prominent, coherent and consistent action.

237 Mr John Pearson, written evidence to the Inquiry, 2010.

RSE Committee of Inquiry Facing Up to Climate Change Full Report I 170

It is with this background in mind that the Inquiry recommends:
10. Closer engagement is needed between people, civil society, market and state
in the pursuit of Scotland’s low-carbon society.

10.1 Detailed Supplementary Recommendations for particular policy areas
The ten Primary Recommendations outlined above focus on the need for integration across
different sectors, in the belief that the lack of coherence is the major stumbling block to progress
in Scotland. In the following section we make 30 Supplementary Recommendations for policy
makers within individual sectors where a specific change or refinement of policy could achieve
effective carbon reductions. The list of Supplementary Recommendations mirrors the structure
of the report. There are recommendations of more general import arising from the first six
chapters, and more detailed recommendations arising from our findings in Chapters 7–9.

General Supplementary Recommendations (Chapters 2–6)
1.

It is important to involve the public in discussion of Scotland’s carbon footprint,
which includes rising carbon ‘embedded’ within imported goods. The ambitious
targets for reducing emissions are commendable and progress is being made. However, there
is a danger that, if people feel it is making no impact in reducing our overall footprint, they
will become demoralised and give up. The reasons for the current approach need
explanation and discussion and the public needs to be alert to the impact of imports if we
are to make further progress. (Chapter 2)

2.

Policy makers should plan for extreme weather events to continue to affect Scotland,
and for the severity of such events to increase. There is a risk of becoming lulled into a
sense of complacency because of the way future climate predictions emphasise changes in
average climate. (Chapter 3)

3.

Policy should focus on ‘quick wins’ that identify the most cost-effective ways of
reducing emissions. (Chapter 4)

4.

The Scottish Government should introduce a temporary innovation subsidy
for clean technologies. (Chapter 4)

5.

Changing land-use practice is a powerful and relatively low-cost way of reducing
emissions. (Chapters 4 and 6)

6.

It is helpful to recognise that different models of society point to different solutions,
when assessing different policy options. A society viewed as one of rational individuals
favours nudging behavioural change. The view that society comprises dynamic social
systems and cultures suggests the emphasis should be on full engagement, supplemented
where necessary by sharp legislative tools, as for example in the case of the compulsory use
of seat belts and the smoking ban in public places. (Chapter 5)

7.

The concept of ecosystem services that support society is a promising way of
integrating the competing pressures on land use. This recognises that the land
of Scotland has a multiplicity of functions and values for society. (Chapter 6)
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Sector-specific Supplementary Recommendations (Chapters 7–9)
8.

The Scottish Government should explore new forms of financial investment for
local authorities. This could include the powers to raise money from local green bonds,
tax increment finance (as in USA), bed taxes (France) or similar financial instruments.
(Chapter 7.1)

9.

Single Outcome Agreements (SOAs) for local authorities should include specific
requirements in relation to energy efficiency, decentralised and renewable energy
and transport. (Chapter 7.1)

10. Strategic Environmental Assessments required for all local development plans
and proposals should include an effective carbon audit. (Chapter 7.1)
11. COSLA and local authorities should instigate systematic capacity building through
training of local authority councillors and officials. (Chapter 7.1)
12. Local authorities and schools should reinforce CPD provision to ensure that a
low-carbon society is successfully embedded within the Curriculum for Excellence.
(Chapter 7.2)
13. The Scottish Government and SQA should use the revision of Higher and Advanced
Higher courses as an opportunity to embed climate change, sustainability and global
citizenship throughout the secondary school curriculum. (Chapter 7.2)
14. A full carbon audit and revision of Scottish water quality regulation and standards
for drinking and waste water should be undertaken. (Chapter 7.3)
15. The public should be made aware of the true costs of producing drinking water
through the gradual introduction of water meters, with safety nets for low-income
households. (Chapter 7.3)
16. Scottish Water should more rapidly shift from ‘end-of-pipe’ solutions towards
catchment-based approaches based on reduced use of fertilisers and pesticides
upstream and reed beds and wetlands for water treatment downstream. (Chapter 7.3)
17. SEPA should apply its Controlled Activities Regulations under the Water
Environment and Water Services (Scotland) Act 2003 more sensitively to
micro-hydro schemes. (Chapter 7.3)
18. As a top priority, the finance community should introduce effective instruments
to invest in small-scale enterprises and housing renewal. (Chapters 8.1 and 8.4)
19. Institutional investors need to overhaul the asset management process to
de-emphasise short-term priorities. (Chapter 8.1)
20. Policy makers should respond to the increasing exposure of householders to flooding
following the potential withdrawal of insurance after 2013. (Chapter 8.1)
21. Impartial information on costs (social, environmental, economic) and returns of
different forms of energy generation – including electricity, heat and transport
– should be made more widely available to support decision making. At present,
serious discussion is impeded by the range of different views based on different assumptions.
(Chapter 8.2)
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22. In its drive to a low-carbon society, Scotland should do more to capture the value
of its intellectual capacity and research and development. There are accessible top
universities and research institutes distributed across the country. (Chapters 8.2 and 8.3)
23. The tourist industry should take action to capitalise on the benefits that will arise
from Scotland being seen as a ‘green’ society. (Chapter 8.3)
24. Policy makers should focus on how best to help SMEs achieve the economic benefits
from energy efficiency. (Chapter 8.3)
25. Service providers should focus on developing the infrastructure to support the
equivalent of IT “plug and play” technology for small-scale renewable generation.
(Chapter 8.4)
26. The educational sector should enhance its provision of professional and technical
skills in carbon management and carbon accounting. (Chapter 8.4)
27. Policy makers should focus urgently on how planning can overcome the
inconsistencies arising at the fringes of cities and towns. Out-of-town shopping
centres, the location of boundaries between different local authorities, lack of commuting
stations and freight consolidation centres, and the competition between developers, are all
conspiring to encourage unnecessary car dependency around our urban centres.
(Chapter 8.5)
28. Scottish research institutions should establish urgently how different farming
practices in Scotland affect the maintenance or build up of carbon in soils.
(Chapter 8.6)
29. Scottish educational institutions should introduce courses and training in
Agro-forestry. Such integration is a key to low-carbon land use. (Chapter 8.6)
30. All civil society organisations, all spheres of government and people should come
together to implement the overall principle of sustainability. (Chapter 9)

Conclusion
A low-carbon Scotland can offer prosperity in rural and urban areas that is environmentally
enriched and community-based. But if this future is to be achieved, it requires joined-up policy
affecting most aspects of life. We have highlighted examples of where low-carbon policy is not
joined up. Indeed, policy at different scales sometimes brings contradictory outcomes. Once
recognised, these barriers can be removed or suppressed. In this report we recommend actions
that may help to achieve this. Of course, removal of these barriers will not guarantee a path to a
low-carbon society, but they are a step in the right direction. A further conclusion is that,
although we have ambitious and well-publicised targets for significant reduction in our carbon
footprint, we are a long way behind several European countries in implementation. This brings
the advantage that there are tested examples abroad of policies that work. Given this, and the will
remove the barriers, Scotland can use the revolution in energy efficiency and renewables to
achieve its vision of a low-carbon society as outlined in Chapter 1. Economic and social
wellbeing, sustainability and strengthened local communities are within our grasp.
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CHAPTER 11 INQUIRY SCHOOLS’ COMPETITIONS
As part of the Inquiry’s raising awareness of the barriers in shifting to a low-carbon society, the
RSE sponsored two schools’ competitions; one linked to the evidence gathering and the other to
a public meeting in Inverness held on 2 June 2010. The latter comprised a short response poster
competition open to local schools. The resulting entries were of a high standard and showed
evidence of learning and thinking related to climate change in their own area. They
demonstrated a real commitment to renewable energy projects in their own schools. Pupils,
parents and teachers came to the public meeting in Inverness to see their posters in large format
on display and for the young people to receive prizes.

RSE Schools’ Competition
The main schools’ competition was supported by Scottish Association of Geography Teachers,
Ian Menzies, Learning and Teaching Scotland’s Development Officer, Developing Global
Citizens, and the Royal Scottish Geographical Society. Heather Reid also contributed by
presenting the prizes at the RSE Awards Ceremony in Edinburgh on 15th September 2010.
The competition invited groups of pupils in both primary and secondary schools in Scotland to
enhance their comprehension of sustainable development, global citizenship and international
understanding through a study of climate change in Scotland by:

•

researching and presenting their findings about how climate change could affect the lives
of people living in their area;

•

including both the opportunities offered, and the challenges created by climate change in
Scotland; and

•

demonstrating some understanding of interdependency by looking at these local issues
in relation to a country where climate change is already a concern to the lives and
livelihoods of the people living there.

Overall Primary
School Winner:
St Mary’s Primary School
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Overall Secondary School Winner: Gryffe High School

A short self-evaluation from each group was a required part of the entry. This encouraged
reflective thinking about the process of learning, the achievements and how pupils felt about their
contribution to the group’s work. Examples of this reflective feedback are given in the Box 11.1.
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Box 11.1 Feedback from RSE Schools’ Competition
The response from groups of pupil was diverse and highly innovative.
In terms of reflecting on the process of preparing a submission, groups of pupils responded:
“We had to allocate roles, be adaptable and organized”
“We had to co-operate, brain storm and discuss ideas, show initiative”
“We used mind maps for planning”
“We read, asked questions”
“We recognised the different strengths of people in the group.”
Other benefits from entering the competition included writing letters to the PM, MPs and MSPs and
taking part in Voices at Copenhagen in December 2009, alongside the development of new skills in
drawing, filming, editing, using a microphone (for preparing a DVD), plus the use world-wide web,
newspapers and local people as sources for the submission.
Feedback from the schools also demonstrated community-wide benefits including:

• Organising local area Eco committees and an Earth Hour were organised and sharing
information on climate change

• Encouraging local communities to use linen shopping bags and have low-carbon days.
• Holding health week with waste-free, locally-sourced lunches.
• Pupils recycled in school, at home and encouraged the local community to do the same;
they even succeeded in making parents turn off lights and walked to school.
Feedback from pupils involved in the competition included the following from groups of pupils:
“This was an amazing opportunity”
“We enjoyed it”
“We were excited about a new topic”
“We had fun”
“We felt more confident and successful”
“We saw our teachers in a new light.”

Such comments and the learning experiences described above matched the aims of the Curriculum for
Excellence. Pupils had become more successful learners, more confident individuals, more responsible
citizens and more effective contributors. It also demonstrates the role that schools can potentially play
in raising awareness of how to adapt to climate change.
The Inquiry also supported a cross-curricular pupil conference on climate change held in Kirriemuir
Town House in October 2010, organised by the Church of Scotland, Angus Education Authority and
local Rotary Clubs. This further opportunity to engage with school pupils included a contribution
by Heather Reid (the former BBC Scotland weather forecaster), which was valued by pupils and
teachers alike.
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Resources for schools engaging with climate change and a low-carbon society
Learning and Teaching Scotland’s recently redesigned website contains a wide variety of
learning resources for schools, especially the sections on Sustainable Development Education,
Exploring Climate Change, Weather and Climate Change and Schools’ Global Footprint. As well
as providing information, links to other organisations and teaching resources, it includes
reflective questions which can be used to stimulate further thought and discussion.
An example of how LTS has promoted teaching resources on climate change and a low-carbon
society for curriculum development is illustrated in Box 11.2.

Box 11.2 Developing Global Citizens through sciences, social studies and technologies events
These events, hosted by Ian Menzies, Development Officer, Developing Global Citizens, Learning
and Teaching Scotland, were held at various venues in Scotland during November 2010. The
relevance of climate change was highlighted and linked to the government’s national agenda,
challenges and opportunities for creating more science and engineering graduates to fill the new
‘green’ jobs of the future, the skills agenda which is also at the heart of Curriculum for Excellence.
The science background to climate change was presented, and links between Geography and Science,
which a study of climate change can promote, emphasised. A workshop demonstrated examples of
interdisciplinary learning using climate change such as “Charlie and the Renewable Chocolate
Factory” with St Ninian’s Primary. This involved a wide variety of background learning
opportunities, followed by a decision-making exercise to relocate Charlie’s factory, given certain
criteria which had to be met in terms of getting a balance using three renewable sources of energy.
Further workshops demonstrated the whole-school approach to climate change of Whitelees
primary school, Cumbernauld and the interdisciplinary climate change project of Monifieth High
School.
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Box 11.3 Web sites useful for learning about climate change and a low-carbon society
http://www.ltscotland.org.uk/climatechange/resources/index.asp
http://www.bbc.co.uk/learningzone/clips/causes-of-climate-change/1491.htm
http://www.snh.gov.uk/climate-change/
http://www.sccip.org.uk/4/4/0/Climate-Information.aspx
http://www.sagt.org.uk
http://www.sdenetwork.org/bulletin/
http://www.rgs.org/HomePage.htm
http://www.forestry.gov.uk/ccapscotland
http://www.stopclimatechaos.org/scotland
http://www.sustainable-scotland.net/climatechange/
http://www.transportscotland.gov.uk/road/climate-change-and-the-roads
http://www.sac.ac.uk/climatechange
http://www.airportwatch.org.uk/scotland/index.php/archives/category/issues/climatechange
http://www.shell.com/home/content/environment_society/environment/climate_change/
http://www.rspb.org.uk/climate/
http://www.swt.org.uk/about-us/policy/climate-change/
http://www.scotland.gov.uk/Topics/Environment/climatechange
http://www.carbon-offset-scotland.com/
http://www.greenpeace.org.uk/climate
http://www.energyefficiencynews.com
http://www.usewoodfuel.co.uk/ClimateChange.stm
http://www.bbc.co.uk/topics/climate_change
http://www.ecn.ac.uk/Education/indicators_of_climate_change.htm
http://www.scri.ac.uk/research/climatechange
http://www.bp.com/retailhomepage.do?categoryId=8040&contentId=7037096
http://www.carboncentre.org
http://www.britishcouncil.org/new/climatechange/
http://www.carbon-info.org/carbonscience/carbonscience.htm
http://www.sepa.org.uk/climate_change.aspx
http://www.keepscotlandbeautiful.org/ccf.asp
http://www.churchofscotland.org.uk/councils/churchsociety/csclimate.htm
http://www.macaulay.ac.uk/explorescotland/cc1.html
http://scotland.wwf.org.uk/what_we_do/tackling_climate_change/
http://www.ukcip.org.uk/index.php?option=com_content&task=view&id=199
http://www.energysavingtrust.org.uk/scotland/Scotland-Welcome-page/About-Us
http://www.sccip.org.uk/3/93/0/Climate-Change-Adaptation-in-Scotland.aspx
http://resource.ecoschoolsscotland.org/information.asp?t=9&c=4
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APPENDIX 1: EVIDENCE PROVIDED TO THE INQUIRY
Written Evidence
Organisations:
Aberdeen City Council
Aquamarine Power
Argyll and Bute Council
The British Ecological Society
British Sky Broadcasting Ltd
Cairngorms National Park
Carbon Capture & Storage Association
Children's Parliament
Church of Scotland
Crichton Carbon Centre
Edinburgh Consortium for Rural Research
Energy Agency
European Parliament Information Office in Scotland
Faculty of Public Health
Forth Ports
Glasgow City Council
Grampian Regional Forestry Forum
Mackie’s of Scotland
National Trust for Scotland
North Ayrshire Council Planning Services
Quality Meat Scotland
RES UK & Ireland Ltd
Road Haulage Association
Royal Mail
Royal Town Planning Institute in Scotland
Scottish Agricultural College
SAGES Graduate School
Sainsbury’s Supermarkets Ltd
Scottish Engineering
Scottish Enterprise
Scottish Water
Scottish Crop Research Institute
Scottish Council for Voluntary Organisations
Scottish Estates Business Group
Scottish Environmental Protection Agency
Scottish Natural Heritage
Scottish Rural Property and Business Association
Stagecoach Group
Strathclyde University
Tractran
Transform Scotland
Unison Scotland
UK Biochar Research Centre
UK COAL Mining Limited
Water Industry Commission
West Lothian Council
Woodland Trust Scotland

Individuals:
Professor John Beddington
Mr John Berry
Mr William Brown
Ms Isla Browning
Professor Richard Byrne
Mr Peter Convery
Professor Paul Dukes
Mr Dudley Foster
Nigel Griffiths MP
Professor Malcolm Horner FRSE
Michael Jack, MP
Mr Alan Kennedy
Ms Jane Ann Liston
Mr Derek Loudon
Viscount and Viscountess Monckton of Brenchley
Mr Fergus Murray
Mr John Pearson
Dr David Reay
Mr Hillary Sillitto
Stuart Stevenson MEP
Tim Yeo, MP
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The Committee also heard oral evidence from the following organisations and individuals:
Aberdeen City Council (Jan Falconer (Strategist – Sustainable Development), Amy Smith (Sustainable
Development Officer), Louise Napier (Senior Planner, Transportation Strategy), Toby Coke (Planner),
Kevin Christie (Senior Domestic Energy officer).
Aberdeen University (Fraser Lovie (Policy Adviser)).
Adam Smith Limited (Dr Derek J Douglas (Chief Executive)).
Alliance Boots (Richard Ellis, (Group Head of Corporate Social Responsibility)).
BT Scotland (Brendan Dick (Director)).
Changeworks (Teresa Bray (Chief Executive), Chris Morris).
Church of Scotland (Adrian Shaw (Climate Change Officer), Iain MacDonald).
Climate Challenge Fund (Jon Rathjen (Manager)).
Climate Exchange
Clyde Gateway project (Stephen Hope (Project Manager), George Kirk (Project Director, Scottish Power)).
Comrie Development Trust (Cathy Tilbrook (Chair)).
COSLA’s Climate Change Task Group
Department for Energy and Climate Change (David Mackay (Chief Scientific Adviser), James Gorie
(Local, Regional & Devolved Government), Niall Mackenzie (Carbon Markets), Sarah Rhodes (Renewables),
Patrick Allcorn (Local Government and Climate Change)).
Dumfries and Galloway Council (James McLeod (Team leader, Flood Risk Management),
Chris Wood-Gee (Sustainable Development Manager)).
Dundee City Council (Rob Pederson (Chief Officer for Architectural Services), Merrill Smith (Head of
Business Development and Support), Alison Anderson (Corporate Planning Officer – Environment), Bryan
Harris (Environmental Strategy Officer), Alex Gibson (Team Leader – Property Services), Ian Treanor (Senior
Energy Adviser), Neil Gellatly (Head of Transportation), Peter Sandwell (Section Leader – Environment),
Andy Mulholland (Planning Officer), Jim Laing (Head of Waste Management)).
Dundee Partnership for the Environment (Dundee City Council, Sustain Dundee, University of Dundee,
Carbon reduction Action & Information Centre, SNH, Solar Cities Scotland, University of Abertay,
Friends of the Earth Tayside, Tayside Police Environmental Working Group).
Eco-Schools Scotland (Kate Campbell).
Edinburgh City Council (John Berry (Head of Planning), Phil Nobel (Senior Officer, Transport Planning)).
Edinburgh University (David Somervell, (Energy & Sustainability Manager)).
Elphinstone Holdings Ltd (Kenneth Ross (Chairman & Chief Executive)).
Energy Action Westray (Colin Risbridger, Sam Harcus).
Energy Saving Trust (Mike Thornton (Director), Karen Titular (Strategy Manager for Scotland
and Northern Ireland)).
European Environment Agency (Professor Jacqueline McGlade (Executive Director)).
European Marine Energy Centre (EMEC) (Eileen Linklater (Marketing Manager), Neil Kermode
(Managing Director)).
First Group (Terri Vogt (Head of Corporate Social Responsibility)).
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First State Investment (David Gait (Senior Portfolio Manager)).
Fife Council (Alistair Clyne, Clare Hamilton Sturdy, John Mitchell).
Forestry Commission Scotland (Dr Bob McIntosh (Director)).
Glasgow City Council (Sandy Gillon (Transport and Environment Manager), Tony Hughes (Transport Policy
and Planning Manager), Gil Morgan (Principal, Sustainable Development), Ciaran Higgins (Principal, Carbon
Management), Bill Brown ((Principal, Housing Investment and Strategy), Emil Laiolo (Service Manager,
Transport)).
Health Facilities Scotland (Doug Flint (Sustainable Development Manager), Colin Clarke (Energy Manager)).
Highland Environment Forum (Highland Council, SNH, HIE, Highland Biodiversity, Highland
Environmental Network, Community Energy Scotland, Highland Birchwoods, Forestry Commission
Scotland, SEPA).
Her Majesty’s Inspectorate of Education (Jim Bruce (Inspector)).
Inverness Chamber of Commerce (Stewart Nicol (Chief Executive)).
Learning and Teaching Scotland (LTS) (Ian Menzies).
Mackie’s of Scotland (Maitland Mackie).
Maxwelltown High School (Mr Pierce (Head teacher)).
Macaulay Institute (Dr Robin Mathews (Climate Change Theme Leader)).
Napier University (Professor Sean Smith (Institute for Sustainable Construction)).
North East Scotland Climate Change Partnership (Martin Ford (Aberdeenshire Councillor, Chair of
NESCCP); Tom Johnston (Chairman of NFU Scotland in the NE); Fraser Lovie (Uni of Aberdeen, Policy
Advisor); Jan Falconer (Aberdeen City Council, Strategist – Sustainable Development)).
Par Equity (Paul Munn, Partner).
RBS Lombard (Gavin Forsyth (Corporate Relationship Manager)).
Royal Bank of Scotland (Sefton Laing (Corporate Sustainability)).
RSBP (Dr Alistair Lavery (Head of Education), Lloyd Austin (Head of Conservation Policy)).
Royal Town Planning Institute in Scotland (Veronica Burbridge (Director), John Esslemont (previous
Convenor), Charles Strang (Policy Officer), Stuart Tait (Assistant Strategic Development Plan Manager),
Stuart Hay (Sustainable Futures Manager), Les Huckfield (RTPI Climate Change Champion).
Scottish Council for Voluntary Organisations (Andy Myles (Policy Committee), Catriona Prebble (Green
Agenda Officer)).
Scottish Crop Research Institute (Professor Peter Gregory (Chief Executive)).
Scottish Enterprise (Ewan Mearns (Policy Manager), Neil Kitching (Sustainable Development and Climate
Change), Steven Stocks (ITI Energy)).
Scottish Environmental Protection Agency (Dave Gorman (Head of Environmental Strategy), Peter
Singleton (Environmental Futures and Trends)).
Scottish Estates Business Group (Polly McPherson (Director of Research and Communication), David
Gwyther (The Buccleuch Group)).
Scottish Government (Jennifer Hamilton (Senior Policy Adviser, Climate Change), Colin Imrie (Deputy
Director, Energy Markets), Kirsty Lewin (Team leader, Sustainable Transport), George Burgess (Deputy
Director, Facilities and Estates), Diane Campion (Facilities and Estates), Sally Thomas (Team Leader, Land Use
Strategy), Professor Maggie Gill (Director, Rural and Environmental Research)).
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Scottish Power (David Campbell (CCS Innovation Manager), Gordon McGregor (Energy and Environment
Director).
Scottish Rural Property and Business Association (Karen Smyth, Rhoderick Noble, Patrick Milne Home,
Janice Cassidy).
Scottish and Southern Energy (Colin Hood (Chief Operating Officer)).
Scottish Water (Richard Ackroyd (Chief Executive), Dr Mark Williams (Business Strategy and Climate
Change Manager)).
Scottish Natural Heritage (Professor Colin Galbraith (Director of Scientific and Advisory Services),
Clive Mitchell (Strategy and Communications Manager)).
Shell UK Limited (Steve Harris (Head of Communications EPE UK), Tanya Morrison (Government Relations
Manager)).
Standard Life (Julie McDowell (Head of Sustainable and Responsible Investment)).
Stop Climate Chaos Scotland (Mike Robinson (Chair)).
Strathclyde University (Professor Jim McDonald (Principal), Professor Robert Kalin (Professor
Environmental Engineering), Richard Bellingham (Senior Research Fellow), Professor Robert Rogerson (Head
of Department of Geography), Professor Jane Morgan (Visiting Professor), Professor Peter McGregor (Fraser
Allander Institute), Professor Peter Booth (Civil Engineering), Professor Stephen McArthur (Electronic and
Electrical Engineering)).
Transition Edinburgh Groups (Gerri Smyth (Chair, Edinburgh), Johanna Carrie (Chair, Pentlands),
Pat Abel (Chair, South), Michele Hipwell (Vice Chair, South)).
Transport Scotland (Henry Collin (Environmental Adviser), Graham Edmond (Head of Trunk Road
Network Management)).
Visit Scotland (Scott Armstrong (Regional Director, Highlands and Islands)).
Westray Development Trust (Megan MacEwan).
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In addition, the Committee took part in the following visits and events:
22 October 2009 “The Copenhagen Climate Change Summit, the UK Government position and possible inputs from
Scotland” RSE seminar, Edinburgh
28 October 2009 “The impact of Climate Change on Scotland”, joint RSE event with the Foundation of Science and
Technology, Edinburgh
16–20 November 2009 “Scottish Projections in Practice Week”, in partnership with the Scottish Climate Change
Impacts Partnership, Edinburgh
10 December 2009 “The technology-policy challenges to address climate changes and biodiversity”, RSE lecture by
Prof Bob Watson, Chief Scientific Adviser, DEFRA, Edinburgh
16 December 2009 “Facing up to Climate Change”, RSE Christmas lecture by Prof Paul Jowitt, held at Lochaber
High School, Fort William.
14 January 2010 “RSE Inquiry, Facing Up To Climate Change” public evidence-gathering session, Dundee.
11 February 2010 RSE Inquiry Committee visit to Longannet Carbon Capture and Storage Facility, Fife.
16 February 2010 “Energy” RSE lecture by Prof Jim McDonald, Edinburgh
2 March 2010 RSE Inquiry Chair met with Esk Valley Trust, Roslin, Midlothian.
3 March 2010 “RSE Inquiry, Facing Up To Climate Change” public evidence-gathering session, Aberdeen.
4 March 2010 RSE Inquiry Committee visit to Mackie’s Farm, Aberdeenshire.
8 March 2010 “UK Climate Change Risk Assessment” seminar, Scotland Climate Change Impacts Partnership.
16 March 2010 “The simplicity and complexity of wind: an engineer’s tale” joint RSE lecture with the Royal
Academy of Engineering.
17 March 2010 “New climate change tools and information for decision makers in the marine and coastal sector”,
seminar, Scotland Climate Change Impacts Partnership.
25 March 2010 RSE Inquiry Committee meeting with COSLA Climate Change Task Group, Edinburgh.
13/14 April 2010 RSE Inquiry Chair discussion with BCS and Council of Professors and Heads of Computing meeting,
Edinburgh.
4 May 2010 RSE Inquiry Committee meeting with Energy Saving Trust, Edinburgh.
20 May 2010 “RSE Inquiry, Facing Up To Climate Change” public evidence-gathering session, Edinburgh.
24 May 2010 “Can the Green Economy Deliver for Scotland?” Scotsman Conference, Edinburgh
27 May 2010 “RSE Inquiry, Facing Up To Climate Change” public evidence-gathering session, Dumfries
31 May 2010 RSE Inquiry Committee meeting with Fife Council Transportation Services, Fife
2 June 2010 “RSE Inquiry, Facing Up To Climate Change” public evidence-gathering session, Inverness.
3 June 2010 “Science-based policy-making: whose evidence is it really?” Macaulay Institute lecture, Professor
Jacqueline McGlade, Aberdeen.
8 June 2010 RSE Inquiry Finance Sector Workshop, held at the RSE. Participants of this workshop included:
Baillie Gifford & Co: Marianne Harper Gow, Head of Environmental, Social and Governance
University of Edinburgh Management: Dr Craig Mackenzie, Senior Lecturer
Standard Life: Julie McDowell, Head of Sustainable and Responsible Investment (SRI)
Par Equity: Paul Munn, Partner
Hymans Robertson: David O’Hara, Senior Investment Consultant
Eurocaptial Group: Douglas Prentice, CEO
Lloyds Banking Group Scotland: Dr Susan Rice
Scottish Widows: Johnny Russell, Investment Director, UK Equities
Aegon: Ryan Smith, Head of Corporate Governance & SRI.
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16 June 2010 “Delivering on 2020” Holyrood Conference, Our Dynamic Earth, Edinburgh.
18 June 2010 RSE Inquiry Committee visit to the Comrie Development Trust, Perthshire
25 June 2010 “Public Engagement Strategy” seminar, Scottish Government, Stirling.
7 July 2010 “RSE Inquiry, Facing Up To Climate Change” public evidence-gathering session, Glasgow.
8/9 July 2010 RSE inquiry Committee visit to Orkney for meetings with Energy Action Westray, Westray Development
Trust, business community, European Marine Energy Centre.
14 July 2010 “Climate change during the last 10,000 years” lecture organised by ICMS in association with the RSE.
24 August 2010 “Global Action on Climate Change: the road to Cancun”, RSE lecture by Lord Stern, Glasgow.
21 September 2010 “Facing up to Climate Change” RSE lecture by Lord Krebs, Edinburgh.
22 September 2010 RSE Inquiry Chair at Cross Party Group on Climate Change, Scottish Parliament, Edinburgh.
23 September 2010 UK Climate Change Risk Assessment Scottish Stakeholders Workshop. Glasgow.
30 September 2010 RSE Inquiry Chair spoke at Scottish Estates Business Group AGM.
16 October 2010 RSE Inquiry Chair spoke at meeting of the Scottish-Swedish Society.
20 October 2010 RSE Inquiry Committee member spoke at Eco-congregation Angus Schools’ Conference, Kirriemuir
26 October 2010 “Environmental and Clean Technologies – Scotland’s Green Technology Revolution”, Energy Saving
Trust conference, Edinburgh.
6 November 2010 RSE Inquiry Chair spoke at a meeting of the Scotia Agricultural Club.
11 November 2010 “Adapting UK Institutions to Climate Change” RSE Lecture by Sir John Lawton, Aberdeen.
7 December 2010 Launch of the UK Committee on Climate Change’s Fourth Carbon Budget, London
7 December 2010 RSE Inquiry Chair meetings at DECC (Chief Scientific Adviser and officials), London
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APPENDIX 2: ACRONYMS AND GLOSSARY
ABI
CAP
CBD
CCS
CERT
CHP
COSLA
CPD
CRC
DECC
EAUC
ECT
EHP
ESCO
EU ETS
FIT
GAEC
GDP
GtCO2e
H++
Ha y-1
IPO
Kha
LCA
LTS
MAC
MACC
MCS
MtCO2e
NOAA
NGO
NPV
NNR
OFGEM
PgCyr-1
ppb
ppm
ppmv
RHI
SAC
SCDI
SDE
SEABS08
SEBG
SEPA
SMEs
SNH
SOA
SPA
SQA
SRPBA
SSSI
TOC
Twh

Association of British Insurers
Common Agricultural Policy
Convention on Biological Diversity
Carbon Capture and Storage
Carbon Emissions Reduction Target
Combined Heat and Power
Convention of Scottish Local Authorities
Continued Professional Development
Carbon Reduction Commitment
Department of Energy and Climate Change
Environmental Association for Universities and Colleges
Environmental Clean Technologies
Energy Heat Performance
Energy Service Company
European Union Energy Trading Scheme
Feed-In Tariff
Good Agricultural and Environmental Condition
Gross Domestic Product
Gigatonnes of carbon dioxide equivalent
High ++ model
Hectares per year
Initial Public Offering
Kilo hectares
Land Capability Assessment
Learning and Teaching Scotland
Marginal Abatement Cost
Marginal Abatement Cost Curve
Microgeneration Certification Scheme
Million tonnes carbon dioxide equivalent
National Oceanic and Atmospheric Administration
Non-governmental organisation
Net Present Value
National Nature Reserves
Office of the Gas and Electricity Markets
Peta-grams of carbon per year (1 Peta-gram = 1 billion tonnes)
parts per billion
parts per million
parts per million by volume
Renewable Heat Initiative
Special Area of Conservation
Scottish Council for Development and Industry
Sustainable development Education
Scottish Environmental Attitudes and Behaviours Survey 2008
Scottish Estates and Business Group
Scottish Environment Protection Agency
Small- and medium-sized enterprises
Scottish Natural Heritage
Single Outcome Agreement
Special Protection Areas
Scottish Qualifications Authority
Scottish Rural Property and Business Association
Site of Special Scientific Interest
Total Organic Carbon
Terawatt hour
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Adaptation

A response to climate change that seeks to reduce the vulnerability
of natural and human systems to the impacts of climate change.

Agroforestry

The growing of both trees and agricultural/horticultural crops on the
same unit of land.

Biochar

Charcoal created as a by-product of energy production by pyrolysis (gasification)
of biomass.

Bio-energy

Renewable energy made available from materials derived from
biological sources.

Bio-fuel

A range of fuels which are mainly derived from biomass or bio waste.

Cap and trade scheme

A market mechanism whereby emissions are limited and can then be traded.

Carbon capture and storage

A method of capturing carbon dioxide (CO2) from large point sources
such as fossil fuel power plants and large industry, and storing it underground
so that it does not enter the atmosphere.

Carbon price

The amount it costs a company to buy permission to emit one metric tonne
of carbon dioxide. The price varies depending on the trading scheme
and fluctuates constantly due to market forces.

Carbon price support

Proposed changes to the climate change levy (CCL) and fuel duty to support
and give certainty to the price of carbon in the electricity generating sector.

Carbon Reduction Commitment

A mandatory cap and trade scheme in the United Kingdom that will apply
to large non energy-intensive organisations in the public and private sectors.

Combined Heat and Power

The use of a heat engine or a power station to simultaneously generate
both electricity and useful heat.

Consumption-based emissions

Emissions associated with the consumption of goods and services in each
country, taking account of imports and exports of goods and services that,
either directly or indirectly, involve CO2 emissions.

CO2 equivalent

A measure of how much global warming a given type and amount
of greenhouse gas (such as methane, nitrous oxide) may cause, using
the functionally equivalent amount or concentration of carbon dioxide
(CO2) as the reference.

District heating

A system for distributing heat generated in a centralised location for residential
and commercial heating requirements.

Ecosystem approach

A strategy for the integrated management of land, water and living resources
that promotes conservation and sustainable use in an equitable way. It recognises
the value of ecosystem services, i.e. the processes by which the environment
produces resources utlilised by humans such as clean air, water, food and materials.

EU Emissions Trading System

A Europe-wide cap and trade scheme that started in 2005, it is the biggest scheme
of its kind and sets an overall cap on the total emissions allowed from all
the installations covered by the System.

Grey water

Rain water or other waste water generated from domestic activities such as
laundry, dishwashing, and bathing, which can be collected and recycled on-site
for uses where potable quality water is not needed.

Land Capability for Agriculture

The Land Capability for Agriculture classification was developed by the Macaulay
Institute to describe the agricultural potential of land based on the degree
of limitation imposed by its biophysical properties. It is based primarily on
climate, a number of soil properties, (for example depth and stoniness),
wetness, erosion risk and slope.
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Marginal abatement cost

The cost of reducing emissions by one more unit, for example by one more
tonne per year.

Micro hydro

Hydroelectric power installations that typically produce up to 100 kW of power.

Mitigation

Action to decrease the intensity of radiative forcing in order to reduce
the potential effects of global warming.

Muirburn

The practice of burning off old growth on a heather moor to encourage
new growth for grazing.

Nudge behaviour change

An approach to influencing behaviour which assumes to know what is good
for society but merely nudges individuals towards these objectives by making
personal and socially beneficial choices “easier”.

North Atlantic Oscillation

A climatic phenomenon in the North Atlantic Ocean of fluctuations
in the difference of atmospheric pressure at sea level between the Icelandic
low and the Azores high.

River catchment area

The area drained by a river or body of water.

Single Outcome Agreement

Agreements between the Scottish Government and all 32 local authorities
and their community partners which set out a series of local priorities for action
in the context of the Scottish Government’s national aspirations.

Spatially-referenced

In the context of land use planning, a spatially-referenced land use strategy
would map types of land use to specific regions and locations in Scotland.

Territorial emissions

Territorial emissions are emissions arising directly from activities that take
place within a country.
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