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1. Introduction
The following report contains the results of the team-based projects performed by the
students of the 2007 Summer Programme in International Energy Policy and
Environmental Assessment in 2006. The projects all focused on developing web
materials for the city residents to use in selecting strategies to reduce carbon dioxide
emissions in the residential, transport, commercial, municipal and university/college
sectors. Selection of the projects, and of specific pledges to be considered in them,
were developed from a survey conducted in the initial stages of the summer
addressing the following issues (survey results are shown in red):
Gender: (1) Male, (2) Female, (3) Other
29 males (46%), 34 females (54%), total: 63
individuals
Age Range: (1) 18-24, (2) 25-35, (3) 36-50, (4)
51-65, (5) over 65
18-24: 19 (30%)
25-35: 17 (27%)
36-50: 13 (21%)
51-65: 11 (17%)

Note: Much of the text
appearing in later sections
of this report is written to
form the basis of a web
site enabling citizens of
Cambridge to select
strategies for carbon
dioxide emissions
reductions. When you
encounter phrases such as
“our community”, that is
the intended meaning.

over 65: 3 (5%)
Do you believe that climate change is a real issue; i.e. that the climate really is
changing in a way that matters to us in our lives? Options are (1) Yes, (2) No.
Yes: 56 (89%)
No: 7 (11%)
If you do believe that climate change is an issue, how strongly do you believe that
human activities are linked to climate change? Options are (1) very strong belief in
the link, (2) moderately strong belief in the link, (3) very little belief in the link, (4)
moderately strong belief there is NO link, (5) very strong belief there is NO link.
1: strong belief in the link: 26 (41%)
2: moderately strong belief in the link: 24 (38%)
3: very little belief in the link: 5 (8%)
4: Moderately strong belief that there is NO link: 2 (3%)
No response: 6 (10%)
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If you believe climate change is an issue and that it is linked to human activities, do
you believe that society should take actions to prevent it? Options are (1) Yes, (2) No
Yes: 57 (90%)
No: 3 (5%)
No response: 3 (5%)
If you believe that we should take actions to prevent climate change, do you believe
you as an individual have a personal responsibility? Options are (1) I believe
individuals are responsible for making the needed changes, (2) I believe that
preventative measures are the responsibility of the government and utilities, (3)
individuals, governments and utilities have equal roles.
Individual responsibility: 11 (17%)
Governmental and Utilities responsibility: 4 (6%)
Joint responsibility: 42 (67%)
No response: 6 (10%)
If you believe that you have an individual responsibility to reduce your carbon dioxide
emissions, do you feel that you understand what actions in your life cause carbon
dioxide emissions? Options are (1) I fully understand what actions in my life cause
carbon dioxide emissions, (2) I somewhat understand what actions in my life cause
carbon dioxide emissions, but could use further advice, (3) I have little understanding
of what actions in my life cause carbon dioxide emissions and need some real
guidance on that.
Fully understand: 19 (30%)
Somewhat understand: 32 (51%)
Little Understanding: 5 (8%)
No response: 7 (11%)
If you feel like you understand where your carbon emissions come from, do you know
which actions in your life are the most significant contributors? Options are (1) I am
confident that I can identify the actions in my life that produce most of the carbon
dioxide emitted, (2) I have some ideas as to which actions in my life produce most of
the carbon dioxide emitted, but I could use some further advice, (3) I have little
understanding of how to rank the different actions in my life.
Confident: 17 (27%)
Some idea: 31 (50%)
Little Understanding: 8 (12%)
No response: 7 (11%)
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If you already know where you’d like to make your emissions reductions, do you
know what strategies you need to do it? For example, if you want to reduce your
carbon emissions from transport, would you know whether you should purchase a
high efficiency vehicle versus riding a bike or carpooling or using public transport?
Options are (1) I am confident that I understand the strategies I should adopt to reduce
carbon dioxide emissions, (2) I have some ideas as to which strategies to adopt in
reducing carbon dioxide emissions, but I could use some further advice, (3) I have
little understanding of how to identify strategies to reduce carbon dioxide emissions.
Confident: 16 (26%)
Some idea: 33 (52%)
Little understanding: 7 (11%)
No response: 7 (11%)
If you understand which strategies you would like to use to reduce your carbon
dioxide emissions, do you feel like you need help evaluating the feasibility and
effectiveness of these changes to be sure you use your resources wisely? Options are
(1) Yes, (2) No.
Yes: 45 (72%)
No: 11 (17%)
No response: 7 (11%)
If you are already convinced about the effectiveness and/or feasibility of your
strategies, do you feel like you need help implementing these strategies in
Cambridge? For example, if you want to put compact fluorescent light bulbs in your
house, do you have any idea where to buy them? Options are (1) I am confident that I
know where to get the resources to put my strategies for carbon dioxide emissions
reduction into action, (2) I have some ideas as to where to get the resources, but I
could use some further advice, (3) I have little understanding of where to get the
resources.
Confident: 12 (19%)
Some idea: 32 (51%)
Little understanding: 12 (19%)
No response: 7 (11%)
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If you are interested in making changes to reduce your carbon dioxide emissions
would it be helpful to see examples of changes other citizens of Cambridge have
made to improve energy efficiency and decrease carbon dioxide emissions? Options
are (1) I am confident that I know what I will do and how to do it, and so don’t need
examples of best practices by others, (2) I have some ideas as to best practices, but it
would help me to see what others are doing, (3) I have little understanding of best
practices and would need to see some of these to decide what I should do in my own
life.
Confident: 8 (13%)
Some idea: 39 (62%)
Little understanding: 9 (14%)
No response: 7 (11%)
If you are thinking about taking actions in your own life to increase energy efficiency
and reduce carbon dioxide emissions, why have you come to this conclusion? Feel
free to give more than one answer. Options are (1) Concern over climate change, (2)
Concern over the energy security of the nation, (3) To save money on energy or petrol
bills, (4) I have a broad sense of environmental responsibility, (5) My religious beliefs
suggest I should do something. If your personal reason is not included in the above
list, please state that reason.
Concern over climate change: 38
Energy Security: 34
To save money on energy or petrol bills: 32
Environmental responsibility: 41
Religious beliefs: 13
Other: Public health: 4
Do you find yourself more willing to approach a business if the door is open? (1) yes,
(2) no
Yes: 34 (54%)
No: 27 (43%)
No response: 2 (3%)
Based on the responses to the survey, citizens of Cambridge believe that climate
change is an important issue that is affecting their lives. Furthermore, Cambridge
residents are ready to move forward on making emissions reductions in their day-today lives. Although a certain percentage of people will require assistance with each
step of the process, the greatest need appears to be for information to help citizens
evaluate the effectiveness and feasibility of various strategies for reducing their
carbon emissions. Residents want help understanding environmentally sustainable
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ways in which to spend money, and they also expressed interest in seeing existing
carbon reduction strategies already employed by Cambridge citizens to serve as
examples for the community at large.
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2. Policy considerations
This study focused on providing advice to decision-makers on the range of policy
options that might be adopted, consistent with Cambridge, UK and EU policioes and
targets. Materials were developed to guide the reader through the various policies on
international, national, regional, and local levels that address climate change or energy
efficiency. The UK has adopted stringent national emissions reductions targets and
has developed a compilation of legislation that addresses carbon emissions, energy
production and efficiency, and sustainable development to meet these goals. These
national policies are designed to comply with international directives, and to guide the
policies adopted by regional and local governments. These questions and answers
provide a framework for understanding the various policies on all levels of
government. The reader will find information regarding international protocols,
policies set by the national government, regional policies for the East of England, and
local policies for Cambridgeshire County and the City of Cambridge.
1. What are the international policy frameworks that guide the European Union
policies?
2. What are the European Union directives that guide the UK’s national policies?
3. What national policies guide the UK’s strategies for combating climate change?
4. Are there any legally binding national emissions reduction targets? What are the
short and long-term strategies for reaching these targets?
5. What has been the effectiveness to date of the national policies? How successful
have they been in reducing national carbon dioxide emissions?
6. What are the implications of any national policies on decisions taken by local and
regional authorities?
7. What are the requirements placed on industry and business by any of the local,
regional, national, European Union and international policies? Do any of these
policies require that industries and other large organizations reduce their carbon
dioxide emissions to certain targets?
8. What policies are in place at the local, regional or national level to encourage
energy efficiency? What are the strategies to do so?
9. What policies are in place at the local, regional or national level to encourage
renewable energy? What are the strategies to do so?
10. What policies are in place at the local, regional or national level to encourage
builders to construct lower emissions buildings? What are the strategies to do so?
11. What are the local policies by which the City of Cambridge municipal government
is trying to reduce emissions at a local level?
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12. What is the policy goal (percentage reduction in carbon dioxide emissions) set by
these local policies?
13. Cambridge is expecting to grow rapidly in the near future. What are the
frameworks for sustainable development that will guide this expansion? How will
these frameworks address climate change?
What are the international policy frameworks that guide the European Union
policies?
The UN, including the UK, is guided most directly by the Kyoto Protocol’s emissions
reductions targets and mechanisms.
The Protocol: In April, 2002, the UK became a signatory of the Kyoto Protocol, an
international agreement that commits the European Union to reducing its Greenhouse
Gas emissions to 8% below 1990 levels by 2008-2012. The Protocol came into effect
in February, 2005. Many of the EU Member States have more stringent targets,
including the UK, which aims for a 20% reduction from 1990 levels by 2010 and a
further reduction to 60% by 2050. The UK’s official legally binding target is only a
12.5% reduction under the Protocol. There are two specific mechanisms of the Kyoto
Protocol under which the UK operates: Joint Implementation (JI) and the Clean
Development Mechanism (CDM), both of which are written into UK law under the
Linking Directive.
I. Linking Directive:
The Linking Directive was transposed into UK law in 2005 and allows for the usage
of credits from Kyoto Protocol mechanisms in the European Union Emissions Trading
Scheme (EU ETS). The Kyoto Protocol allows credits to be received from projects
carried out in other countries because of the fact that all emissions contribute equally
to global climate change regardless of geographic location, and therefore all
reductions are equally beneficial. This policy also helps to ensure that reductions are
achieved by the most economically and technically efficient means possible.
Emissions reductions in other countries can be carried out in one of two ways: under
the joint implementation mechanism or to clean development mechanism.
II. Joint Implementation:
A JI project is one that is carried out by an Annex-1 party in other Annex-1 countries.
Projects are credited with ‘Emissions Reduction Units’ which can be used by
governments to comply with Kyoto Protocol targets, or by companies seeking to
comply with the EU ETS. Projects can be carried out under one of two procedures:
Track 1 or Track 2. Track 1 projects are subject to supervision of the host country,
and Track 2 projects are subject to international supervision. Currently, Track 1
projects are not approved in the UK, however UK companies may participate in Track
1 projects abroad. Approval for such projects is obtained through DEFRA, which
issues a letter of authorization upon receiving a copy of the project design and signed
declaration of compliance with regulations.
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III. Clean Development Mechanism:
CDM projects are those that are carried out by an Annex-1 party in a country that
does not have an emissions reduction target. Projects carried out are credited with
‘Certified Emissions Reductions’ which can be used by governments to comply with
Kyoto Protocol targets, or by companies seeking to comply with the EU ETS.
DEFRA is the UK’s designated National Authority for the CDM and approval for
CDM projects is gained in a manner similar to that of JI projects described above.
What are the European Union directives that guide the UK’s national policies?
Various directives guide the UK’s national policy making strategies. These policies
range from measures to encourage energy efficiency (EU Energy Performance
Buildings Directive, EU Energy Efficiency Action Plan, and Energy End-Use
Efficiency and Energy Savings Directive ), renewable energy, sustainable
development (EU Sustainable Development Strategy) and cogeneration facilities (EC
Directive on Promotion of Cogeneration (Combined Heat and Power) in the Internal
Energy Market). These directives and national policies they guide are discussed
separately in this webpage as parts of the topics to which they are most applicable.
One Directive that directly affects actions of individual installations in the UK is the
EU ETS. The EU ETS applies to particular organizations in the UK, as well as
forming a template for the UK ETS.
European Union Emissions Trading Scheme
The multi-sector, multi-national EU ETS began in January, 2005 and is the largest
market-based emissions trading scheme. The scheme is based off of Directive
203/87/EC which came into effect in October, 2003, and is designed to help meet the
Kyoto Protocol targets to which the EU is committed. Member States are required to
ensure that every installation covered by the scheme holds a trading permit. The
number of allowances held by each installation is determined by every Member
State’s National Allocation Plan. Allowances are to be allocated by the 28th of
February each year. By the 30th of April, operators of affected installations submitted
all allowances to cover missions from the preceding year, and all emissions will be
verified. Member States are also required to set up Greenhouse Gas reporting
registries, and transactions are monitored by a central administrator at the EU level.
For more information:
http://www.defra.gov.uk/environment/climatechange/trading/eu/index.htm
The European Commission has approved the UK’s National Action Plan for the next
phase of the UN ETS, which will be from 2008-2012. The UK plans to allocate 246
million tons worth of emissions and it is estimated that this next phase will save 29
million tons each year.
What national policies guide the UK’s strategies for combating climate change?
The UK has a broad range of policies that function on a national level to reduce
emissions. Through these various measures, the UK will have surpassed its Kyoto
Protocol target of 12.5% to reach a reduction of around 23.6% below 1990 levels by
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2010, and will be on its way to achieving its long-term goal of a 60% reduction by
2050.
The 2006 Climate Change Programme
The 2006 Climate Change Programme is a comprehensive piece of legislation which
includes initiatives for individuals and businesses, material on climate change and
energy policies, and strategies for adapting to climate change. The Programme
encompasses a variety of different measures, outlined below, that focus on six sectors:
energy supply, business, households, agriculture, transport, public sector, and forestry
and land use.
For more information:
http://www.defra.gov.uk/environment/climatechange/uk/ukccp/index.htm
Energy White Paper 2007
Building on the Energy Review Report published in July 2006, the Energy White
Paper outlines several key proposals designed to help move the UK to a low carbon
economy. The 2007 White Paper replaces the 2003 White Paper which first proposed
mitigating climate change as one of the four primary goals of energy policy. Included
within the proposals of the 2007 White Paper are the Carbon Emission Reduction
Target for 2008-2011, the mandatory nation-wide Carbon Reduction Commitment,
provisions for the Biomass Strategy, and reports designed to help home owners and
businesses reduce their energy use. For more information:
http://www.dti.gov.uk/energy/whitepaper/page39534.html
Carbon Reduction Commitment
The CRC is a new scheme announced in the 2007 Energy White Paper. The Carbon
Reduction Commitment is the new name for the Energy Performance Commitment,
proposed in 2006, and can be seen as the next step in emissions trading schemes to
follow after the UK ETS. The CRC will enforce mandatory emissions trading to
reduce carbon emissions from large commercial and public sector organizations by
1.1 million tons per year by 2020. The CRC targets emissions from energy use by
large organizations whose annual mandatory half hourly metered electricity use is
greater than 6,000 MWh. The CRC will not apply to emissions covered by the
Climate Change Agreements (organizations with more than 25% of emissions covered
by CAAs are exempt) or the EU ETS. Allowances would be issued through an auction
process, and the scheme is designed to be less administratively cumbersome, as
emissions will be self-certified, rather than certified by an independent third party.
Opportunity for commentary ends on October 9, 2007. For more information:
http://www.defra.gov.uk/environment/climatechange/uk/business/crc/index.htm
Climate Change Levy
Introduced in 2001, the Climate Change Levy is a tax on energy use in the industrial,
commercial, and public sectors. It is designed to increase energy efficiency and
encourage technological innovation, while causing no increase in tax burdens, and
yielding no net gains for public finance. The Levy does NOT apply to fuels used for
domestic transport, or to fuels used for energy generation, to oils (which area already
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subjected to an excise duty), or to energy generated from renewable sources. The
government returns the proceeds of the tax to the non-domestic sector, mostly in the
form of a cut in the rate of employer’s contributions to National Insurance
Contribution by 0.3%. In this way, industry is not overburdened and competitiveness
is maintained. 50m pounds will be devoted annually to energy efficiency mechanisms
and renewable energy. The levy package is expected to lead to reductions of at least
2.5 million tons of carbon dioxide by 2010.
Rates of the Levy:
1. 0.15p/kWh for gas
2. 0.98/kg (equivalent to 0.07p/kWh) for liquefied petroleum gas
3. 0.44/kWh for electricity
4. 0.12p for any other taxable commodity.
For more information: http://www.cclevy.com/euets_env.html
UK Energy Efficiency Commitment
This measure applies to electricity and gas suppliers, who are called upon to improve
efficiency of domestic energy production and supply. The measure is also designed to
help alleviate fuel poverty, by focusing 50% of energy savings on a group of low
income consumers. The third phase of the EEC is known as the Carbon Emissions
Reduction Target (CERT) and will run from 2008-2012. The target is the lifetime
savings of 43 million tons of Carbon (1.1 million annually) which is double the target
of the current EEC, and lies at the highest end of the standards proposed in the 2006
Climate Change Programme. For more information:
http://www.defra.gov.uk/environment/climatechange/uk/household/eec/
UK Renewables Obligation
The Renewables Obligation requires that all electricity generators produce a certain
percentage of their electricity from certain renewable sources. This percentage began
at 3% in the year 2002, and will rise to reach 10.4% by 2010. The Obligation will
extend to 2027, in order to provide more security to the renewable energy market.
Electricity suppliers are credited with Renewable Obligation Certificates for each
Mega Watt Hour of renewable electricity sold. If the supplier fails to meet its
obligation it will be required to pay a buy out fine for each MWh sold to meet the
obligation. Office of Gas and Electricity Markets (OFGEM) is responsible for
ensuring compliance with the Renewables Obligation. Acceptable renewable sources
will include solar, tidal, biofuels, on and offshore wind, geothermal, wave, and
hydroelectric. For more information:
http://www.sref.co.uk/sref%20renewables%20obligation.pdf
Renewable Transport Fuels Obligation
The RTFO programme will take effect in April, 2008, and will require fuel providers
to ensure that 5% of all UK fuel sod is composed of biofuels by 2010. The programme
is modeled on the Renewables Obligation for the UK electricity supply industry and is
authorized by the 2004 Energy Act. RFT credits will be issued to ensure compliance
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and companies who not have enough certificates at the end of a compliance period
must pay a ‘buy out price.’
For further information: http://www.dft.gov.uk/pgr/roads/environment/rtfo/
Powering Future Vehicles Strategy:
Published in 2002, the PFV Strategy outlays a framework to shift the UK vehicle
market to low carbon vehicles and fuels. It includes grant incentives, strengthening
existing duties on traditional fuels, and funding for research and development for
clean, low-carbon fuel technologies. It also included the creation of the Low Carbon
Vehicle Partnership, which aims to provide consumers with information about the
carbon impacts of various car models. The Strategy also sets a target for 10% of
vehicles sold to be considered ‘low carbon’ by 2012.
For more information:
http://www.dft.gov.uk/pgr/roads/environment/poweringfuturevehicles/poweringfuture
vehiclesstrategy
Strategy for Combined Heat and Power
Combined heat and power is a fuel efficient source of energy generation where the
byproduct of combustion—heat—is put to use, rather than being released into the
environment. This process raises the efficiency of generation to about 75% from
about 50% for conventional generation. In 2000 the Government set a target to
achieve at least 10,000 MWe of installed Good Quality CHP capacity by 2010. The
CHP Quality Assurance Programme determines whether the CHP system is ‘good
quality.’ The Strategy is in accordance with the EU Cogeneration Directive, and
Good Quality CEP is exempt from the Climate Change Levy. For more information:
http://www.defra.gov.uk/environment/climatechange/uk/energy/chp/pdf/chpstrategy.pdf
Energy Efficiency Action Plan 2007:
Released in June and replacing the previous Plan of 2004, the EEA Plan sets out a
clear framework to improve energy efficiency by bringing together all current and
planned policies set by the Government. The Plan aims to meet the energy savings
target adopted by the UK under the Energy End-Use Efficiency and Energy Savings
Directive (9%), and to surpass it, reaching an 18% reduction by 2016. Performance
standards in the Building Regulations will be raised, with the goal of delivering zerocarbon homes. Other national measures, including the Climate Change Levy, the
Carbon Emission Reduction Target, the 2006 Climate Change Programme, Combined
Heat and Power Strategy, and Climate Change Agreements will all help meet this
goal. The document is designed to support the implementation the EU Energy
Efficiency Action Plan, which aims for a 20% energy savings by 2020.
For more information:
http://www.defra.gov.uk/environment/climatechange/uk/energy/pdf/action-plan2007.pdf
Are there any legally binding national emissions reduction targets? What are the
short and long-term strategies for reaching these targets?
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Now that the UK has met its legally binding Kyoto Protocol target, it has set a goal of
60% reduction of emissions from 1990 levels by 2050. While the majority of the
measures for reducing emissions contained within the 2006 Climate Change Bill are
not legally binding, there are two measures—the 2007 Climate Change Bill and the
Carbon Reduction Commitment- which are.
The 2007 Climate Change Bill is the first piece of legislation of its kind in any
country. It is designed to move the UK to a low-carbon economy by making a series
of emissions reductions legally binding. An eventual reduction to 60% by 2050 will
be accomplished in incremental steps: legally binding ‘carbon budgets’ designated for
each 5 year period, specified for each successive 15 years. This policy will help
ensure a clearer, predictable progress, as well as to emphasize that businesses and
industry need to invest in low carbon technology. The bill will also create a
Committee on Climate Change which will advise the government on meeting its
targets. It will also create a new system of Greenhouse Gas emissions reporting to
Parliament, as well as require a report prepared by the Committee on Climate Change
to help ensure government accountability for reductions. An additional report
concerning predicted impacts of climate change will be submitted to Parliament every
five years.
For more information:
http://www.defra.gov.uk/environment/climatechange/uk/legislation/index.htm
The Carbon Reduction Commitment is another mandatory measure that will
produce real reductions in emissions. The CRC is a new scheme announced in the
2007 Energy White Paper. The Carbon Reduction Commitment is the new name for
the Energy Performance Commitment, proposed in 2006, and can be seen as the next
step in emissions trading schemes to follow after the UK ETS. The CRC will enforce
mandatory emissions trading to reduce carbon emissions from large commercial and
public sector organizations by 1.1 million tons per year by 2020. The CRC targets
emissions from energy use by large organizations whose annual mandatory half
hourly metered electricity use is greater than 6,000 MWh. The CRC will not apply to
emissions covered by the Climate Change Agreements (organizations with more than
25% of emissions covered by CAAs are exempt) or the EU ETS. Allowances would
be issued through an auction process, and the scheme is designed to be less
administratively cumbersome, as emissions will be self-certified, rather than certified
by an independent third party. Opportunity for commentary ends on October 9, 2007.
For more information:
http://www.defra.gov.uk/environment/climatechange/uk/business/crc/index.htm
What has been the effectiveness to date of the national policies? How successful
have they been in reducing national carbon dioxide emissions?
The UK has far surpassed its emissions reduction target set by the Kyoto Protocol
(12.5% reduction), reaching a projected reduction of 23.6% by 2010. This success
can be attributed to several policies, including the EU ETS and the UK ETS.
The EU ETS began on January 1, 2005, and was designed to help the EU reach its
Kyoto target of 8% emissions reductions by 2008-2012. Over 12,000 installations
emitting about 1,987 million tons of carbon dioxide annually participated in the
scheme across Europe. For the UK in 2005, 55% of installations in the scheme had
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surplus allowances. The total emissions in the UK decreased from 276.6 MtCO2 to
269.6 MtCO2 in 2006. The European Commission is currently reviewing the EU
ETS, looking for ways to improve it as it is developed for post-2012.
The world’s first economy-wide emissions trading scheme, the UK ETS ended in
December, 2006. Over the course of the scheme, the 33 Direct Participants reduced
their collective emissions by 7.2 million tons of carbon dioxide. Each organization
had pledged to reduce its emissions 3.96 million tons by the end of the scheme. It is
agreed that the UK ETS was a good learning experience, and impressed that rules for
an emissions trading scheme must be clear and simple. There is a concern that
achieving emissions reductions was too easy, and a consensus that tighter emissions
budget would have lead to a greater reduction and higher market prices. For more
information regarding the UK ETS and reports evaluating its performance:
http://www.defra.gov.uk/environment/climatechange/trading/uk/documents.htm#eval
uations
Various other measures for reducing carbon dioxide emissions were implemented in
the 2000 Climate Change Programme (which has now been revised and updated as the
2006 Climate Change Programme) and the 2003 Energy White Paper. These
measures included the Combined Heat and Power target (10 GW by 2010), the 10%
renewable energy target, and the Climate Change Levy.
What are the implications of any national policies on decisions taken by local and
regional authorities?
The UK has a national goal of achieving a 20% emissions reduction by 2010 and a
60% reduction by 2050. To reach this goal, the national government has instituted a
number of polices, elaborated upon previously, that function at a national level but
may impact local organizations and often guide regional and local branches of
government. For example, the Climate Change Levy and the Carbon Reduction
Commitment are national policies that affect industries and other organizations at all
levels. The sustainable development frameworks created by the national government
outline and define the key principals and goals that are to be carried through
development plans made at regional and local levels. As the national government
commits to more stringent emissions reductions, pressure is placed upon regional and
local governments to do their part to meet these goals. These governments realize the
benefits to reducing emissions early and voluntarily- and therefore in the most
politically and economically feasible manners—before mandatory cuts by mandatory
measures are in place, like the 2007 Climate Change Bill. This bill is expected to pass
at the end of this year, and will create legally binding ‘carbon budgets’ designated for
each 5 year period, specified for each successive 15 years.
What are the requirements placed on industry and business by any of the local,
regional, national, European Union and international policies? Do any of these
policies require that industries and other large organizations reduce their carbon
dioxide emissions to certain targets?
The primary method for reducing carbon emissions from businesses and industries is
emissions trading. This would include schemes such as the European Union
Emissions Trading Scheme, and the UK Trading Scheme. The EU ETS required
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emissions trading for certain industries, while the UK ETS (now finished) was
voluntary. Also in the UK, businesses can sign Climate Change Agreements, which
gives them an 80% reduction of the Climate Change Levy in exchange for reducing
emissions. The Climate Change Levy is a tax on electricity use by large businesses;
so accordingly, businesses will want to reduce electricity use, thereby lowering their
emissions. More information on the CCL and Climate Change Agreements can be
found under the topic:
What policies are in place at the local, regional or national level to encourage
energy efficiency? What are the strategies to do so?
The UK has several national level policies designed to encourage energy efficiency
both directly and indirectly. Measures like the UK Energy Efficiency Commitment
and the Energy Efficiency Action Plan contain clear, mandatory targets, as described
below. The Climate Change Levy encourages energy efficiency by taxing the total
amount of energy used, thereby giving an incentive to use less. The Carbon
Reduction Commitment might also encourage energy efficiency: if a large
organization can reduce its energy use to less than the amount set by the Commitment,
it may be exempt from the mandatory emissions trading scheme. Energy efficiency
standards for new buildings are also being introduced, as well as obligations for
builders to generate energy from renewable sources. For example, The Home Energy
Conservation Act: requires housing authorities to report to Government on the energy
efficiency of buildings in their area. The Energy Savings Trust is an organization that
was established by the Government to provide impartial advice on increasing the
efficiency of homes and to promote sustainable use of energy.
UK Energy Efficiency Commitment
This measure applies to electricity and gas suppliers, who are called upon to improve
efficiency of domestic energy production and supply. The measure is also designed to
help alleviate fuel poverty, by focusing 50% of energy savings on a group of low
income consumers. The third phase of the EEC is known as the Carbon Emissions
Reduction Target (CERT) and will run from 2008-2012. The target is the lifetime
savings of 43 million tons of Carbon (1.1 million annually) which is twice the target
of the current EEC, and lies at the highest end of the standards proposed in the 2006
Climate Change Programme. For more information:
http://www.defra.gov.uk/environment/climatechange/uk/household/eec/
Energy Efficiency Action Plan 2007:
Released in June and replacing the previous Plan of 2004, the EEA Plan sets out a
clear framework to improve energy efficiency by bringing together all current and
planned policies set by the Government. The Plan aims to meet the energy savings
target adopted by the UK under the Energy End-Use Efficiency and Energy Savings
Directive (9%), and to surpass it, reaching an 18% reduction by 2016. Performance
standards in the Building Regulations will be raised, with the goal of delivering zerocarbon homes. Other national measures, including the Climate Change Levy, the
Carbon Emission Reduction Target, the 2006 Climate Change Programme, Combined
Heat and Power Strategy, and Climate Change Agreements will all help meet this
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goal. The document is designed to support the implementation the EU Energy
Efficiency Action Plan, which aims for a 20% energy savings by 2020.
For more information:
http://www.defra.gov.uk/environment/climatechange/uk/energy/pdf/action-plan2007.pdf
What policies are in place at the local, regional or national level to encourage
renewable energy? What are the strategies to do so?
At the national level, the UK Renewables Obligation mandates that all electricity
providers produce some of their electricity from renewable sources. The Renewable
Transport Fuels Obligation will perform a similar function for the transit sector when
it begins in 2008. In order to help finance research for the development of renewable
energy, the government has provided almost £500 million for the 2002-2008 period.
UK Renewables Obligation
The Renewables Obligation requires that all electricity generators produce a certain
percentage of their electricity from certain renewable sources. This percentage began
at 3% in the year 2002, and will rise to reach 10.4% by 2010. Electricity suppliers are
credited with Renewable Obligation Certificates for each Mega Watt Hour of
renewable electricity sold. If the supplier fails to meet its obligation it will be
required to pay a buy out fine for each MWh sold that should have been renewable
but was not. The Office of Gas and Electricity Markets (OFGEM) is responsible for
ensuring compliance with the Renewables ObligationFor more information:
http://www.sref.co.uk/sref%20renewables%20obligation.pdf
Renewable Transport Fuels Obligation
The RTFO programme will take effect in April, 2008, and will require fuel providers
to ensure that 5% of all UK fuel sod is composed of biofuels by 2010. The programme
is modeled on the Renewables Obligation for the UK electricity supply industry and is
authorized by the 2004 Energy Act. RFT credits will be issued to ensure compliance
and companies who not have enough certificates at the end of a compliance period
must pay a ‘buy out price.’
For further information: http://www.dft.gov.uk/pgr/roads/environment/rtfo/
The East of England also aims to surpass the UK target of 10% of energy from
renewable sources by 2010 and achieve 14% from renewable sources by that year.
This goal was adopted in the Sustainable Development Framework for the East of
England in 2001. This goal will be achieved by contributions from biomass, landfill
gas, on and offshore wind.
For more information:
http://www.eera.gov.uk/Documents/About%20EERA/Policy/Planning%20and%20Tr
ansport/PlanHome/RPG/RPG14/PE/EERA%20Renewable%20Energy%20Supplemen
t.pdf, http://www.renewableseast.org.uk/,
http://www.eera.gov.uk/Documents/About%20EERA/Policy/Planning%20and%20Tr
ansport/PlanHome/RPG/RPG14/PE/EERA%20Submission%20Matter%205C.pdf
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What policies are in place at the local, regional or national level to encourage
builders to construct lower emissions buildings? What are the strategies to do
so?
The UK has committed to using more stringent energy efficiency measures as a way
to significantly reduce the carbon emissions from its buildings. The Home Energy
Conservation Act requires housing authorities to report to Government on the energy
efficiency of buildings in their area. The EU Energy Performance Buildings
Directive, along with other measures, will improve standards for new buildings in the
UK by 40% from 2006 onwards. The Directive includes a methodology for
calculating the energy performance of buildings, performance standards for existing
buildings, and schemes for certification of buildings and for assessment and
inspection of heating and cooling installations.
Cambridge, in addition to following the requirements of the various national and
regional guidelines for sustainable development and construction, has developed a
Home Energy Policy and Strategy to both address rising fuel costs and fuel poverty,
as well as to reduce its carbon emissions.
Energy Efficiency Requirements for New Dwellings:
This document looks at what possible efficiency standards may be in 2010 and 2013.
It outlines various requirements related to energy efficiency, and reiterates the goal of
building homes that are carbon-neutral by 2016. These increasingly stringent
standards will be based off the current Building Regulations.
http://www.communities.gov.uk/pub/966/BuildingRegulationsEnergyefficiencyrequir
ementsfornewdwellings_id1511966.pdf
Link to Building Regulations Explanatory Booklet:
http://www.communities.gov.uk/index.asp?id=1131116
Code for Sustainable Homes:
The Code, which applies only to England, was introduced in April of 2007. The Code
measures the sustainability of a new home using a rating system from 1 to 6, and it
also sets minimum standards for energy and water use. The Code can be used as an
assessment of quality for consumers, and proposals exist to make the rating of homes
using the Code mandatory.
For more information, including a guide on how to comply with the code:
http://www.communities.gov.uk/index.asp?id=1506120
Home Information Packs and Energy Performance Certificates:
Starting in August 2007, home owners will have to compile a ‘home information
pack’ which will contain a rating (on a scale of A to G) about the energy efficiency of
the home. The rating will be assigned by an accredited Energy Assessor, and
recommendations for improvement will be made. The certificate will also include a
rating of the home’s carbon dioxide emissions, which will be based on the properties
of the home, and not the appliances within it.
Energy Saving’s Trust Low Carbon Buildings Plan:

17

The LCBP has just entered phase two, and provides grants for installation of
microgeneration technologies for public sector buildings. For more information:
http://www.lowcarbonbuildingsphase2.org.uk/
What are the local policies by which the City of Cambridge municipal
government is trying to reduce emissions at a local level?
Cambridgeshire County Council signed onto the Nottingham Declaration in 2002.
Cambridge City Council is now in the process of preparing their Climate Change
Strategy for the City, which they agreed to do within two years from signing onto the
Nottingham Declaration in 2006. Cambridge will have a ‘Climate Change Strategy’
refer to city-wide actions, and have a separate ‘Climate Change Action Plan’ to
handle organization-level actions. Cambridge will also develop a Cambridge Climate
Change Partnership composed of those who are already combating climate change.
For more information:
http://www.cambridge.gov.uk/public/councillors/agenda/2007/0122str/07.pdf
The Nottingham Declaration was first launched in October, 2000, and then relaunched after revisions to better reflect current thinking in 2005. The Declaration is
to be signed by the leader of a district council: this is a commitment to address
climate change on a local level. It is voluntary and non-statutory and therefore there
is no monitoring system currently in place, instead, publicizing achieved goals is
encouraged.
The Declaration encourages the development of a Community action plan, which can
be used to encourage individuals and organizations to take action. It also encourages
that the Action Plan contain both mitigation and adaptation strategies. Signing on to
the declaration links governments with a ‘toolkit’ provided to help formulate action
plans regarding both adaptation and mitigation strategies. For more information:
http://www.energysavingtrust.org.uk/housingbuildings/localauthorities/NottinghamDe
claration/?role=manage

What is the policy goal (percentage reduction in carbon dioxide emissions) set by
these local policies?
The East of England aims to achieve a 60% reduction of carbon dioxide emissions by
2025, through the implementation of the Carbon Reduction Program run by the East
England Development Agency and the University of East Anglia. This ambitious
target would require the region to reduce its emissions by the same percentage as the
entire UK aims for, how ever to do so 25 years sooner. The East of England also aims
to surpass the UK target of 10% of energy from renewable sources by 2010 and
achieve 14% from renewable sources by that year. At the beginning of 2007, East of
England regional Assembly committed to creating a Climate Change Action Plan for
the East of England, working with East of England Development Agency, GO-East,
Environment Agency and the regional Climate Change Partnership.
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The city of Cambridge aims to reduce its carbon emissions by 60% by 2050, and has
signed onto the Nottingham declaration in order to achieve its goals.
For more information on renewable energy targets:
http://www.eera.gov.uk/Documents/About%20EERA/Policy/Planning%20and%
20Transport/PlanHome/RPG/RPG14/PE/EERA%20Renewable%20Energy%20
Supplement.pdf, http://www.renewableseast.org.uk/.
For more information on the CRED program: http://www.cred-uk.org
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3. Residential options
This component of the project focused on developing specific strategies for reductions
in the residential sector of Cambridge.
Residential Sector emissions shown in middle bar on graph (tons of carbon
dioxide per year from Cambridge).
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As of 2007, our community’s residential sector was responsible for about 269,700
metric tons of carbon dioxide per year, which is 24% of the community’s total
emissions. The graph below displays the different ways energy is used in the average
home and the carbon dioxide produced from each of these uses.
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The data for residential end-uses were obtained from the Department for
Environment, Food and Rural Affairs (DEFRA). These data are based on 2005 results
for an average household consuming 17.7 MWh/year.
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Reducing the amount of energy you use in any of these areas of residential life is an
important step in decreasing the overall carbon dioxide emissions in our community.
Changes to reduce your energy use can be as simple as lowering your thermostat a
few degrees or changing a light bulb! A very good source for understanding potential
changes is the Energy Savings Trust (What can I do today?) webpage.
**(http://www.energysavingtrust.org.uk/what_can_i_do_today)

Here are some strategies to reduce your emissions due to heating (taken from the
Energy Savings Trust’s Domestic Energy Primer site):


Put on warmer clothes rather than adjusting the thermostat higher: Set thermostat
as low as is comfortable for you.



Regulate heating loss through use of curtains: Keep curtains on south-facing
windows open during the day to allow heat in and closed at night to reduce chill
from outside.



Change the air filter on the heating system regularly: A dirty air filter slows air
flow and forces the furnace to work harder to heat your home – wasting energy.



Bleed trapped air from hot-water radiators: Do this once or twice a season and
call a professional if unsure about this procedure.



Cavity Wall Insulation. Cavity walls consist of 2 skins on the outside of
dwellings, usually consisting of brick and block work with a cavity in between.
The layers are held together by metal or wall ties. Annual savings with Cavity
Wall Insulation is around £130 – 160.



Double glaze your windows. Double glazing your windows may provide a better
seal around preexisting windows to prevent air from escaping your home.



Draught-strip your windows and doors. This may be one of the easiest
improvements to make in your home. Draught-stripping provides a seal around
windows and doors. Annual savings from draught-stripping is around £20.



Insulate your roof. Loft insulation can reduce heating and cooling costs by as
much as 20% in most homes.



Wrap your hot water tank. By purchasing a hot water tank jacket, and applying
it correctly, you can save as much as £20 per year in energy costs.

Here are some strategies to reduce your emissions due to lighting:


Turn off lights when not in rooms. Do not leave porch lights on at night.



Replace conventional light bulbs with compact fluorescent light bulbs
(CFL’s):
CFL’s use almost 30% of the energy of tungsten light bulbs. On average, lighting
is 15-20% of a home’s electrical bill. This is a quick and easy change that
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everyone home owner can make. Lasting over 10 times longer than conventional
tungsten bulbs, CFL’s can save a homeowner £9 per year.
Here are some strategies to reduce your emissions due to electronics and
computer use (Energy Savings Trust’s Domestic Primer):


Unplug any electronic devices when not in use: Many devices have “Stand-By”
features that cause them to consume about 5% of their operating energy even
when switched off.



Enable the “sleep mode” feature on your computer: The sleep mode feature
allows it to use less power during periods of inactivity. For Windows users, this
feature can be found on the control panel. For Mac users, this feature can be
found under system preferences in the apple menu.



Set your computer to “hibernate”: Set your computer to hibernate after 30
minutes or so. This function does not turn your computer off, which takes less
time than shutting down or rebooting, and is more energy-efficient.



Purchase an Integrated Digital Television. Purchasing items with high EU
Energy Ratings help to save money and lower energy consumption.

Here are some strategies to reduce your emissions due to refrigeration (Energy
Savings Trust’s Domestic Primer):


Keep the refrigerator door closed: Minimize the amount of time the refrigerator
door is open.



Position your refrigerator correctly: Position refrigerator away from a heat
sources, such as an oven, dishwasher, or direct sunlight from a window.



Cover beverages and moist foods: Covering these items keep the humidity level
in the refrigerator lower. Dry air is easier to cool.



Clean the condenser coils on your refrigerator to keep them operating efficiently



Minimize the number of small refrigerators: Small refrigerators are often less
efficient than larger models because they usually have less insulation or a less
efficient compressor.



Make sure doors are sealed airtight



Recycle older refrigerators: newer models have significantly improved
efficiencies.



Purchase a Refrigerator and/or Freezer units with an EU Energy Rating of
A+ or A++. Replacing refrigerators and freezers may be expensive, however if
your current unit is old or outdated, you may save money and energy on a new
unit.
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Some examples of savings by purchasing new units:
-Replacing refrigerator: saves £20/year.
-Replacing refrigerator/freezer combination unit: saves £45/year.
-Replacing upright chest/freezers: saves £35/year
Here are some strategies to reduce your emissions due to wet cleaning appliances
(Energy Savings Trust’s Domestic Primer):


Only run the dishwasher with a full load: Since you cannot regulate the amount
of water used per cycle, using a full load will allow you to get the most from the
energy used to run it.



Use your dishwasher’s air-dry option: Use air-dry instead of using the heat-dry,
rinse-hold, or pre-rinse features.



Wash full loads in the clothes washer: Clothes washers are most efficient when
run with full clothes.



Wash clothes in cold water: This saves the energy use of the water heater.



Wash clothes on a high-spin speed: If your clothes washer has spin options,
choose a high-spin speed to reduce the amount of moisture in the clothes. This
reduces the amount of time the clothes are in the dryer.



Use the moisture-sensor option on your dryer: This option automatically shuts
off the appliance when the clothes are dry.



Air-dry whenever possible.



Purchase a washing machine with an EU Energy Rating of A. Purchasing a
new unit may save you money and energy, as old units typically consume more
energy. Consider purchasing a clothes dryer with an EU Rating of A, as well.



Purchase a dishwasher with an EU Rating of A. Outdated dishwashers may
consume large amounts of energy. By replacing your old unit with a new EU
Energy Rated dishwasher, you will save energy and money.
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4. Commercial options
This component of the project focused on developing specific strategies for reductions
in the commercial sector of Cambridge.
Commercial Sector emissions shown in red (tons of carbon dioxide per year from
Cambridge combined).

As of summer of 2007, the Cambridge community’s commercial sector
(Industry/Business) was responsible for about 370,470 metric tons of carbon dioxide
per year, which is about 46% of the community’s total emissions. Please note that the
bar for Commercial is large compared to most of the others. This doesn’t mean there
is no sense in focusing on the other sectors, since every sector is responsible for
reducing their own emissions.
The Commercial sector in our community is looking for Community Leaders who are
willing to help to move the commercial sector forward in sustainability and carbon
emissions reductions. We invite you to visit that page and see how these business
leaders are accomplishing so much in this sector.
A survey was conducted to explore the opinions and knowledge of the business
community in Cambridge regarding global climate change and carbon reduction as
well as identifying any current policies and marketing strategy ideas regarding these
issues. Then the survey asked the business owners/managers their opinions on
possible content for the future web resource. Forty-five out of 100 surveys handed out
were returned complete.
A good way to start reducing a business' emissions is to look for easy and intuitive
ways to decrease its energy usage. To help you choose reduction strategies, the figure
below shows the typical uses of energy in a commercial operation in the United States
for 2004. The information is taken from the U.S. Department Of Energy. In that
figure, the category ‘Other’ includes service station equipment, ATMs,
telecommunications equipment, medical equipment, pumps, emergency lighting,
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emergency electric generators, and manufacturing performed in commercial
buildings. The category SEDS includes emissions attributable to the commercial
sector but not directly to specific end-uses.

More information about each of these emission sources in the commercial sector,
specific strategies to reduce them, and links to resources to help you meet those
strategies, can be obtained by clicking on the corresponding links below.
Lighting in the Commercial Sector
Lighting is the greatest single largest source of carbon dioxide emissions from the
Commercial sector. With nearly a quarter of emissions caused by light production,
this may be a good area on which to focus reduction efforts. Here are some strategies
to reduce your emissions due to lighting, from a good source of energy savings tips:


Turn off unnecessary lights: Lights in places such as storage areas, conference
rooms, restrooms, or near windows can be left off when space is unoccupied or
daylight is sufficient.



Limit lighting as much as possible during non-business hours: If no one is in
the building, the lights can be off wherever possible.



Use artificial light to supplement the natural lighting already provided for
free by windows and skylights: Turning lights off or dimming them during the
day can lower energy costs and create a more comfortable environment. In
addition, excess lighting such as signage and lights not necessary for security and
safety can be removed or turned off.



Install energy efficient light bulbs such as compact fluorescent light bulbs
(CFLs): Incandescent lamps can often be replaced with compact fluorescent
lamps that can reduce lighting costs by up to 75% and last up to ten times as long
as incandescent bulbs. CFLs save enough money in electricity costs to make up
for their higher initial price within about 500 hours of use.



Install occupancy sensors or turn off lights when not needed: Occupancy
sensors turn off lights automatically if there is no activity in a room. Employees in
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commercial settings often travel to and from different rooms in their buildings in
order to complete their tasks. However, many do not remember to turn off the
lights when exiting rooms from which they are the last to leave. Occupancy
sensors turn on lights when motion (or heat, depending on the type) is detected
and turn off lights in the absence of motion or heat. These devices reduce the
amount of wasted energy due to lighting by turning off lights when they are not
being used. Ceiling mounted occupancy sensors usually cost between $50 and
$120, and wall-mounted occupancy sensors usually cost between $30 and $90
(these prices do not include installation). Occupancy sensors have been shown to
save up to 30 percent on lighting costs during normal working hours.


Install timers, time clocks or photocells to ensure that interior and exterior
lights are turned off at the appropriate time: Using timers and time clocks to
turn off lights at a specific time each day can ease the pressure of remembering or
reminding others to do so.

Space Heating in the Commercial Sector
Space heating is the second largest carbon dioxide emission source for the
Commercial sector. There are several ways to improve your building’s energy
efficiency in this category:


Draught proof areas of your building: Replace or install strips or sealant to gaps
or cracks around doors, windows, and other sources of drafts.



Insulate all pipes and ducts: Insulation helps to reduce heat loss as the heat
travels through the pipes and ducts.



Install double glazed windows: Double glazed windows decrease heat loss in the
winter. Windows can cause up around 30% of the total heat loss in a building.
Double-glazed windows have two panes of glass with insulation in between and
can reduce heat loss by reducing the amount of heat that escapes through the
window. These windows also reduce the amount of noise and moisture that enters
through the window. Double-glazed windows can be installed new or as
replacements to existing windows by a professional. Using these windows can
cause a 10-20% decrease in energy bills.



Take advantage of the sun’s heat: Close the door and draw the curtains and/or
shades at night to help your building retain heat. Allow sunlight in where possible
(especially south facing windows) so the building can build up heat in the fashion
of a greenhouse.



Install programmable thermostats: These devices give you better control when
the heat is on and also will help you control the temperature you want to maintain.



Pay attention to your thermostat settings: Space heating thermostats should be
set no higher than 20° C in order to save energy. Each degree you lower your
temperature setting can save several percent of space heating costs. It is often easy
to add another layer of clothing to stay comfortable in a building where the
thermostat has been lowered to save energy.
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Perform regular maintenance on your existing heating system: Regular
maintenance can keep your heating system running more efficiently.



Install fans in rooms with tall ceilings: Fans can help to push warm air down
and reduce the need for heaters to work so hard.



Be sure that heating temperature sensors are in logical locations: This strategy
improves the accuracy of the average temperature of the room being monitored.
For example, be sure the sensor is not near a leaky window which would
misrepresent the condition of the rest of the room.



Install radiator valves: Radiator valves allow the temperature to be controlled
according to the needs conditions specific to each area of your business’s building.



Install a condensed gas fired boiler: If you are planning on new construction or
renovations, remember that a condensed gas fired boiler is more efficient than
traditional gas boilers.

Space Cooling in the Commercial Sector
Space cooling is not the largest source of carbon dioxide emissions in the Commercial
sector, due in large part to its seasonal use, but it is still a significant portion of total
emissions. Over the past few decades, the energy efficiency of space cooling systems
has improved a great deal. Unfortunately, each year a greater percentage of our
population owns and operates an AC system. The trend is towards decreased reports
of “occasional usage” and increased reports of “All Summer Long usage”.
The following tips are drawn from the Sempra Energy Utility web site and the Saturn
Resource Management web site.


Pay attention to your thermostat settings. Air conditioning thermostats should
be set no lower than 25.5° C; each degree you raise your temperature setting can
save on air conditioning costs.



Install programmable thermostats or timers to give you better control when the
heat or air conditioning is on. Programmable thermostats also will help you
control the temperature you want to maintain. On hot days, close the door and
draw the curtains and/or shades to keep the sun out.



Weatherize your building by installing awnings, solar window shade screens or
sun-control window film, and applying a heat-blocking coating to your roof.
Perform regular maintenance to keep your air conditioning systems running more
efficiently.



Use fans to create better air circulation.
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Use light colored roofing materials rather than black shingles or other heat
absorbing colors when constructing a new building or updating the roof of an
existing building.



Improve your building’s insulation, especially in the attic if your roof is black.



Install awnings over south facing windows.



Clean indoor and outdoor coils before warm weather begins.



Check the central air conditioner’s refrigerant charge, and adjust it if
necessary to meet manufacturer specifications.



Clean and adjust blower components to provide proper system airflow.



Use ENERGY STAR qualified ceiling and ventilation fans.



Choose ENERGY STAR qualified windows when replacing the windows of
your building.



Buy air conditioners with Seasonal Energy Efficiency Ratio (SEER) ratings of
13 or more.



See if your commercial building is qualified for the Commercial Building Tax
Deduction for energy efficiency upgrades. For more information, go to the
Commercial Building and Tax Deduction Coalition, Energy Policy Tax Credits or
the American Institute of Architects web sites.

Refrigeration in the Commercial Sector
The contribution of refrigeration to overall Commercial carbon dioxide emissions
depends on your line of business (thin ice cream parlor versus book store).


Each month, clean your evaporator and condenser coils and check for the
proper amount of refrigerant: Airflow is an important part of refrigeration.
When the coils are clogged and dirty, the compressor works harder and will
probably fail sooner. Keeping your equipment clean is a great way to keep it
efficient.



Add strip curtains to walk-in coolers: Adding strip curtains to walk-in coolers
can reduce the amount of energy lost to the surrounding air. Strip curtains used in
busy kitchens can cut down on compressor run time significantly and that could
save you money! As an added bonus, these curtains repel windborne contaminants
like dust and pollutants.



Keep the temperature at the right setting: Keeping the refrigerator temperature
at the appropriate setting can save energy since no excess energy is being used.
Better yet, consider installing variable speed drives which automatically adjust the
level of refrigeration and are used on the motors of all kinds of refrigeration units.
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Replace refrigerator door gaskets if they are torn, cracked or missing: Door
gaskets seal the space between the refrigerator door and the actual unit. A
refrigerator must seal completely to be effective. Remember, the goal is not to
keep the cold air in but to keep the hot, humid air out!



Invest in lining for the refrigeration tubing: There are a few products on the
market, such as Permafrost, which line the tubing of refrigeration systems with
thermo-conductive molecules. These products have been shown to increase
energy efficiencies by 10-40%.



Consider installing a blast chiller: A blast chiller reduces the core temperature
of food before it is stored in a conventional cooler. In addition to chilling food
effectively and efficiently, a blast chiller is crucial to complying with FDA
standards.

Ventilation in the Commercial Sector
Ventilation can account for losses of up to 30% of the energy delivered to a building
for heating and cooling. Ventilation is important to businesses not only because it can
reduce energy use and carbon dioxide emissions, but it also is important for
maintaining the quality of indoor air.


Perform regular maintenance and updates on your ventilation system: Regular
maintenance and updates can ensure that your ventilation system is working
properly and at its highest efficiency.



Install variable frequency drives (VFDs): According to Office of Industrial
Technologies, VFDs do more than save energy. While often regarded as energyefficiency instruments, VFD's goes far beyond reducing energy consumption. For
example, by permitting more precise control over industrial processes, VFDs can
improve motor reliability as well as final product quality. In addition, VFDs can
increase service life and decrease maintenance costs of motors because they are
automated to adjust the power draw to coincide with the system's resistance.
VFD's are easily integrated with feedback and control systems and can eliminate
costly human error. Since VFDs are much quieter than valves or vanes, they can
significantly reduce noise levels.

Water Heating in the Commercial Sector
Water heating uses about 7% percent of the energy delivered to a commercial
operation, depending on the kind of business (a restaurant, requiring washing,
obviously uses much more hot water than a clothing store).


Install a high efficiency water heater, and ensure the system is insulated and
maintained: Water heaters come in a range of efficiencies, and those efficiencies
have improved dramatically over the past decade. The water heater itself, and
pipes leading from it, should be insulated, or wrapped, to prevent loss of heat.



Install an EarthLinked® Heat Pump Water Heating System: The hybrid
system combines a high efficiency ground-source heat pump with a standard
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commercial water heater tank. A press release from E-wire reported that “The
EPA's Greenhouse Gas Technology Center verified that renewable energy from
the earth reduced electricity consumption for water heating by 75% at a Florida
nursing home. The report also confirmed that the EarthLinked system can avoid
the emission of up to 7,000 pounds of carbon and 50 pounds of nitrous oxide per
year for each ton (12,000 BTUs) of compressor capacity.”


Install a solar water heater: Installing a solar water heater can reduce your water
heating bills by 50 – 80%.

Electronics in the Commercial Sector
The category of electronics includes (but is not limited to) the following: televisions
and monitors, computers, computer peripherals, audio and stereo equipment, VCRs,
DVD players, video cameras, telephones, fax and coping machines, cellular phone,
wireless devices, and video game consoles. Within your business, you may have
specialized equipment that is the main energy user; in this case, you may need to seek
out extra information to find out how you can best manage your energy use and
carbon dioxide emissions from such electronic devices.


Reduce the hours your equipment is left running unnecessarily: PCs,
monitors, printers, copiers and scanners should be turned off at night and over
weekends if they are not needed.



Enable the “sleep mode” feature on your computer: Sleep mode allows the
computer to use less power during periods of inactivity. (Windows users: this
feature is found on the control panel. Mac users: this feature is found under system
preferences in the apple menu).



Set your computer to ‘hibernate’ after 30 minutes or so: This function does not
turn your computer off, which requires more time than shutting down or
rebooting, and is more energy-efficient.



Choose ENERGY STAR® products when upgrading or adding new
equipment: Under the Energy Saving Recommended scheme only products that
meet strict criteria on energy efficiency can carry the logo. For example, for
fridges we endorse A+ which are more energy efficient than A rated products and
the washing machines on our scheme must be AAA - that's A for energy, A for
wash quality and A for spin. The criteria is set by an independent panel and
reviewed annually. In addition Energy Savings Trust test a percentage of our
products so you can rest assured that where there's a logo there's a smarter choice.
They also endorse products in categories where there isn't a statutory EU energy
label for example glazing, Televisions with integrated digital decoders (IDTVs)
and boilers.



Disable the “Instant On” feature of electronic devices: Many devices such as
televisions don’t actually turn themselves off when you switch them off. Instead,
some portion of their circuitry remains on so the device will start up rapidly next
time it is used. This can account for 5% or more of your energy use from such
devices.
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Cooking in the Commercial Sector
Cooking is another one those aspects of the Commercial sector where emissions
depend critically on the kind of business you are in. Obviously, it is most important
for food service businesses. Most of the energy saving techniques that are available to
the food service industry are technologies with proven success and a payback period
that is under two years!


The most important tip for your restaurant is “turn it off” when not in use: If
you can eliminate four hours a day of standby time for your back up fryer, you can
save up to $150 annually. Eliminate three hours a day of standby time for your
griddle and you could save between $100-250 annually. Eliminating two hours of
idle time on your pasta cooker could save you up to $600 per year



Use high efficiency cooking equipment (like ENERGY STAR brand
equipment): High efficiency cooking equipment uses less energy than regular
equipment for the same amount of time.



Use the ‘combination’ mode (convection oven plus steam) with care on your
combination oven: Using the combination mode uses water from 10-40 gallons
per hour on a typical ten-pan unit and can double electricity costs. Refer to the
manufacturer’s specifications to learn how to program your oven to use the
combination mode as much as you need to.
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5. Municipal Options
As of 2005, the community’s municipal sector was responsible for about 57,484
metric tonnes of carbon dioxide per year, which is 8 – 9% of the community’s total
emissions.
However, there is something special about the Municipal sector: it includes the
council housing. The pledges for the residential sector and for the council housing can
be the same pledges. However, if someone living in council housing makes a pledge
to reduce their carbon (such as loft insulation) it would be up to the city council to put
these changes into effect. Council housing makes up roughly 89% of the
municipality’s emissions.
Various emissions reduction strategies, financial information about those strategies,
places to buy products and services in the vicinity, and case studies of other
environmentally aware municipalities are described for each of the end uses for
energy in the next sections of this site.
Carbon dioxide emissions from all the municipal’s council housing and offices
(accounting for electricity and natural gas) make up about 95% of the overall carbon
dioxide emissions from the Municipal sector of our community. Public transport is
being covered under the transport sector. The remaining 5% is from the municipal
fleet of vehicles, such as garbage collection and police services.
Suggestions for reductions in the Municipal sector are identical to those in the
commercial sector, with some notable exceptions examined below.
Install a Streetlight Intelligence System
By using a streetlight intelligence system, a town can significantly reduce energy use
from streetlights. The system works by using several small units around town to reevaluate light needs in specific areas of town. It then reduces the amount or intensity
of lighting for areas of the town based on the time of evening, night, or early morning.
Other towns have demonstrated that installing such a technology is cost effective and
causes significant decreases in energy use and carbon dioxide emissions. For example,
the city of Prince George in Canada installed a streetlight intelligence system that
reduced its energy use by 40% (City of Prince George 2006). The city of Oslo in
Norway shows a similar reduction of 30% (Echelon).
Municipal Vehicles
Carbon dioxide emissions from municipal vehicles make up about 5% of the overall
carbon dioxide emissions from the Municipal sector of our community. The fleet of
municipal vehicles in the community is composed of petrol, diesel vehicles, gas oil,
and LPG (liquefied petroleum gas). In addition to the actual mechanics of the
vehicles, the style of driving and idling impacts the fuel efficiency of any vehicle.
Some general fuel saving tips are:
Fuel efficiency: Fuel efficiency of vehicles plays a central role in determining the
carbon dioxide emissions from the Municipal fleet. By far the most fuel efficient are
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the hybrid vehicles, which can reduce emissions by up to 50% in the fleet. Fuel
efficiency of vehicles plays a central role in determining the carbon dioxide emissions
from the Municipal fleet. Avoiding quick acceleration or breaking can reduce your
fuel use by 5-33%. The fuel economy benefit of driving the speed limit is 7-23%. The
figure below shows the relationship between speed and fuel efficiency for the average
vehicle.

Also, consider the weight in the vehicle, removing any unnecessary weight. An extra
100 lbs. can decrease your fuel efficiency by 2%.
A properly maintained vehicle, which is well tuned, has clean air filters, had properly
inflated tires, has clean oil and is tested regularly for emissions can increase efficiency
by 10% or more and increase the lifetime of the vehicle (hence reducing replacement
costs for the fleet).
Significant reductions in carbon dioxide emissions from the vehicle fleet can be
obtained by combining trips to serve multiple needs, by using the most direct routes to
reach destinations, and by avoiding peak traffic times (which reduces idling and hence
improves fuel efficiency).
Employee commutes: Employee commutes to and from work account for about 18%
of the carbon dioxide emissions from Municipal Operations. Sharing rides or setting
up a park and ride shuttle system to work can significantly reduce carbon dioxide
emissions produced by single occupancy vehicles. Other benefits also include reduced
stress during a morning commute, better social connections between employees and
thereby greater productivity at work, less money spent on gasoline, and a decrease in
the need to build extra parking lots or decks. A park and ride shuttle system can also
reduce congestion in parking lots and decks while reducing the net amount of carbon
dioxide emitted by commuting to work. The city of Cambridge has a website that
gives information on the available park and rides that serve the area. It can be found
on the Cambridge Park & Ride website.
Encouraging the use of alternative fuel vehicles, hybrid cars, and public transportation
systems by Municipal employees would decrease the carbon dioxide emissions from
the municipal sector.
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6. College Operations
Due to the recent goal set forth by the City of Cambridge for a 60% reduction in CO2
emissions by 2050, a thorough analysis of the current energy use and emissions for
every sector must be considered. In the case of the colleges of Cambridge, the current
environmental evaluation does not reflect the actual emissions for each institution. In
order to more adequately access our environmental state within the colleges, a new,
more quantitative analysis and evaluation must be completed.
As of 2005, our community’s university sector was responsible for about 38,000
metric tons of carbon dioxide per year, which is around 5% of the community’s total
emissions. The colleges within the University have their own residences
(dormitories), motor vehicle fleets, business operations (offices, labs), as well as
athletic and academic facilities.
Total CO2 emissions for the City of Cambridge shown in blue (tonnes of carbon
dioxide per year) delineated by sector.
CO2 Emissions

Tonnes CO2/year
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The primary sources for the University’s carbon emissions include electricity
purchased through Scottish Hydro-Electric, natural gas used to heat buildings in
cooler months, paper usage within the colleges, and transportation of employees and
students commuting both domestically and abroad. The strategies for reducing
emissions in the University and College sectors are the same as those for other
sectors, and so are not reviewed further here. Instead the remainder of this discussion
focuses on development of a methodology to better assess the emissions associated
with Colleges (as distinct from University) operations.
While the students of Cambridge have developed a College League Table for assessing
emissions from the Colleges, this methodology does do NOT Calculate:

•
•
•
•
•

Employee commutes
Air travel by faculty and staff
The embodied carbon of products consumed
Travel of students
Impacts of paper use
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7. Wind Potential for Cambridge
This component of the project focused on the potential to power some fraction of the
energy use in Cambridge by wind turbines located on the edge of town. Were there
ever doubts as to the capabilities of wind, they have blown away, so to speak. As
wind technology development accelerated throughout the latter half of the 20th
century, the market potential advanced with it. At one time, wind could require
significant government subsidizing in order to attract investors willing to take on
some risk in a wind farm. Today, however, there are billions to be made in wind
ventures. The current state of wind in the United Kingdom is evidence of that. There
are 2.18 gigawatts (GW) of operational wind power, 1.41 GW of wind power under
construction and 3.91 GW in wind projects consented to be constructed. That is a
total of 7.50 GW that will be in operation once all is constructed. Furthermore, there
are 10.82 GW worth of projects in the planning stage, awaiting approval.
Financing
Financing a wind farm is the key to making it economically viable. Developers,
utility companies, banks and organizations such as the Carbon Trust can all finance
wind to varying extents of involvement. They will absorb the initial capital cost,
recover it in the first couple years of wind operation and then collect some profit on
the risk they have taken with their investment.
Technology
The efficiency of a wind turbine depends primarily on the model of turbine and the
wind conditions in the area. In Cambridge, 25 meters above the ground, the average
wind speed is about 7-8 meters per second, according to Met Office figures. Often,
that speed will be faster up at 75-100 meters – the height of a wind turbine hub.
However, taking the low wind speed estimate of 7-8 meters per second, such speed
will produce 1 megawatt (MW) of power on the General Electric 2.5 MW turbine,
which will produce at full capacity (2.5 MW) once wind speed reaches about 12
meters per second.
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Since the only fuel for a wind farm is wind, coupled with minimal operation and
maintenance labors, electricity can be sold at a fraction of the current cost. The
current figure for cost of production is 2-3 pence per kWh, but that number has
decreased and will continue to decrease as wind becomes more and more common
and ultimately less expensive.
Return
The most expensive estimate for the initial capital cost of a wind farm is £1000 per
kilowatt (kW) installed. That cost includes materials, construction and most any other
cost it takes to get a turbine operational. Thus, a 100 MW wind farm would cost £100
million. Our figures estimate roughly £50 million for annual electricity spending in
Cambridge (assuming 7 pence per kWh). Were electricity rates to remain static, the
initial capital cost of a 100 MW wind farm could be recovered in about 2 years.
However, investors will want a time period during which they can collect on the risk
of their investment. That time period is variable, depending on the structure of the
financing contract.
Long-term, the return is immense. Wind turbines last for upwards of 25 years, so
after the relatively brief, initial period of recovering initial capital cost and paying
investors, electricity consumers can begin to collectively save millions of pounds.
Those are millions of pounds that will be reinvested in the local economy. The
municipal sector can enjoy an expanded budget. Residents will have more to spend
on retail and pay off debt, in turn permitting further retail spending.
Land
The land issues is one of the – if not the – biggest hurdles to the progression of wind
energy. A majority of that comes from the complaint that wind turbines are an eyesore. Purchasing all the land in one piece is another issue. A wind farm requires 60
acres per megawatt installed capacity. That would mean the GE 2.5 MW model
would require 150 acres per unit.
Cambridgeshire possesses a relatively developed wind portfolio. The following is a
layout of the six major wind farms in Cambridgeshire.
Cambridgeshire Farms








Red Tile: 12 X 2MW turbines = 24MW
Ransonmoor: 5 X 2MW = 10MW
Glass Moor: 8 X 2 MW = 16MW
Long Hill Road: 1 X 2MW = 2MW
Coldham: 8 X 2MW = 16MW
Stags Hold (UC): 9 X 2MW = 18MW
TOTAL: 86MW in Cambridgeshire
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Considering overall annual energy consumption, Cambridge has an average energy
demand of 86.39 MW. For the sake of a nice, round, easy-to-process number, let’s
say Cambridge decided to install a 100 MW wind farm. This would be a good target
number for three reasons. First, peak energy demand will be higher than 86.39 MW.
Second, having extra energy production provides a farm with the option of selling
energy to an area outside of Cambridge. Finally, there needs to be an expanded
energy infrastructure for the likely onset of plug-in electric vehicles.
A 100 MW farm would require 15,000 acres, which equates to about 60 square
kilometers. However, one must remember that only 2-5 percent of land is deemed
unusable. That would leave 14,250-14,700 acres (57-58.8 square kilometers)
available for farming, grazing, recreation or anything else. If placed along the A14
and M11 roads, such a farm would potentially take up space as such:
As noted on the wind energy background page, a 100 MW wind farm would cost
£100 million. Our figures estimate roughly £50 million for annual electricity
spending in Cambridge (assuming 7 pence per kWh). Were electricity rates to remain
static, the initial capital cost of a 100 MW wind farm could be recovered in about 2
years.
Providing Cambridge with 100 percent wind energy would result in 100 percent
carbon-free electricity. That would be a reduction of 325,412 tonnes of carbon per
year, broken down in the following sectors:



Industry/Business – 199,090 tonnes/year
Residential – 83,850 tonnes/year
37




Government – 2,851.33 tonnes/year
University – 39,620.63 tonnes/year

Overall, considering the carbon emissions in all sectors in Cambridge, that would be a
40.3 percent reduction of Cambridge’s carbon emissions.

Next Steps: A meteorological (met) tower is a necessary precursor to determining
financial and production parameters. A met tower collect wind speed data at the
height where the potential turbine hub would sit.
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8. Survey of the Business Community
A survey was conducted to explore the opinions and knowledge of the business
community regarding global climate change and carbon reduction as well as
identifying any current policies and marketing strategy ideas regarding these issues.
Then the survey asked the business owners/managers their opinions on possible
content for the future web resource. Forty-five out of 100 surveys handed out were
returned complete. Below are the questions asked with their results.
1. How strongly do you believe that human activities are linked to climate change?

(1) very strong belief in the link
(2) moderately strong belief in the link
(3) very little belief in the link
(4) moderately strong belief there is NO link
(5) very strong belief there is NO link.
2. If you are contemplating actions to reduce energy use and/or carbon emissions
from your business, why is this?

(1) you want to reduce your carbon footprint
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(2) you want to reduce energy costs
(3) you see this as an opportunity to create a
“brand” for your business
(4) you want to improve the energy security of the nation
(5) “other” (please describe in a sentence).
3. Where would you obtain information regarding carbon reduction or climate
change?

(1) other local business owners
(2) a local small business network
(3) national organizations such as the Energy Savings Trust or Carbon Trust
(4) City Council
(5) professional consultancies
(6) “other” (please describe in a sentence).

40

4. Are you aware of any efforts in the City of Cambridge or in Cambridgeshire to
reduce carbon emissions, regardless of whether this is in the commercial sector?
Please describe these efforts in a sentence or two.

1=Yes 0=No

5. Are you aware of any efforts in the City of Cambridge or in Cambridgeshire to
reduce carbon emissions in the commercial sector specifically? Please describe these
efforts in a sentence or two.

0=No 1=Yes
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6. Does your business currently have any policies directed towards energy use or
carbon emissions reductions? Please describe these policies in a sentence or two.

0=No 1=Yes
7. If your answer to 6 was yes, what were your motivations in adopting these policies?
Please describe these in a sentence or two.
Answers ranged from social responsibility to saving money.
8. Are you interested in informing your customers about your policies (e.g. with
information in your shop or appearing on the web site resource as an example
business to be celebrated for their policies?). Options are: (1) I would strongly
consider this, (2) I would moderately consider this, (3) I would weakly consider this,
(4) I have no interest in this.
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9. Would you consider identifying your business as one taking energy or carbon
reduction actions a good marketing strategy?

(1) I would strongly consider this a marketing strategy
(2) I would moderately consider this a marketing strategy
(3) I would weakly consider this a marketing strategy
(4) I don’t believe this has any marketing merits.
10. Would you be willing to share your efforts and experiences with other businesses
as a way of helping to form a local best business practice model?

0=No .5=Maybe 1=Yes
11. On a scale of 1 to 10, with 10 being “very important” and 1 being “of little
importance”, please judge the importance of providing each of the following kinds of
information on a web site dedicated to assisting Cambridge businesses:
A. The science behind climate change?
B. The impacts of climate change on local businesses?
43

C. The “business case” for taking energy and carbon reduction actions?
D. Where your business uses energy and produces carbon dioxide?
E. Examples of local best businesses practices that reduce energy and carbon dioxide
emissions?
F. Information on and connections to resources for making changes (grants, tax
incentives, etc)?
G. Information on and links to local purveyors of energy goods and services?
H. DIY instructions on practices you might adopt?
I. The cost-effectiveness of specific practices?
J. The technical practicality of specific practices?

This is a graph of the mean answer for each of the ten choices listed in the question.
The error bar is the standard deviation of the answers for each choice.
Remainders: Fifty-five of the stores opted not to take the survey. A few were for
personal reasons and/or lack of available time, while others were held back by their
corporate responsibilities and constraints. They often requested time to consult with
their head office or referred me to their website. Due to time constraints the internet
was used to refer to several of the large corporations with stores in the area. Below are
some quotes taken directly from these businesses websites. Only those sections
directly mentioning climate change and/or carbon reduction were taken. If no was
found then this is noted, but does not mean that the company did not have fair trade or
organic practice policies which may be very worthwhile and indirectly contribute to
the same cause.

Marks and Spencer:
“…goal is to make our operations carbon neutral in the next five years and help you
and our suppliers cut CO emissions too.”
To meet this goal the company is…
 Reducing Energy Use
 Using Green Energy
 Tackling and raising awareness of food miles
 Helping customers to cut carbon
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Barclays:
No policy or opinion found listed on their website.
Greene King Co.:
“We’ve teamed up with Capita Registrars and Climate Care to help combat climate
change by providing you with the opportunity to receive communications from us
electronically. We have pledged to donate £1 to Climate Care for every shareholder
who registers for e-communications.”
The National Trust:
“We have an adopted energy policy that commits us to reduce our overall use of
energy and to substitute fossil fuels with renewable energy wherever appropriate, as
quickly as possible given financial, technological and conservation constraints. This
includes a target to cut our electricity use by 10 per cent by February 2007.”
Boots:
No policy or opinion found listed on their website.
Gap:
“In May 2005, we pledged to reduce U.S. greenhouse gas emissions by 11 percent per
square foot from 2003 to 2008.”
Reducing Energy in the Store- “ The program helped us reduce energy use in our U.S.
stores in 2005 by 2.8 percent from 2004, an overall decrease of 5.2 percent since
2003.”
Distribution Center Improvements- Reducing energy use by resetting thermostats,
replacing light fixtures with more efficient light fixtures, reducing excess lighting, and
installing automatic controls on conveyor belts
Promoting Alternative Transportation- Through shuttles, promoting and reqarding
employees for carpooling and having infrastructure for bicycle commuting
Sainsbury:
“In March 2007, we announced plans to be the first major UK retailer to convert 20%
of its online delivery fleet to green electric vehicles. We aim to roll out our carbonfriendly battery-powered vans across the UK in the next three years.”
“We have made significant efforts to decrease waste since 2005 and have already
achieved our current target to reduce waste to landfill by 10% by 2010.”
“We are the first supermarket to offer customers a free carrier bag with a high
proportion of recycled material, as well as 10% chalk, cutting the use of raw plastic by
43%. In April 2007 we completed the roll out of these new bags to all stores.”

45

One World is Enough
 “Using natural materials and environmentally friendly dyes wherever possible.”
 “Recycling all our packaging materials.”
 “Using green electricity to power our offices and warehouse.”
Neals Yard Remedies
They work closely with Friends of the Earth who “are the UK's most influential
environmental campaign group. They have inspired many of the biggest wins for the
planet - from curbing acid rain to laws bringing recycling to every doorstep and,
through their Big Ask campaign, ensuring the UK takes a lead in tackling climate
change. Most of the money they spend comes from their supporters in the UK - part of
the world's largest environmental network - acting together to make life better now
and for future generations.”
They have other environmental values and standards listed that are not necessarily
meant for curbing climate change but focus on being organic. “Organic means
respecting nature. No pesticides. No genetic modification, Local production
wherever we can.”
Hotel Chocolat
No policy or opinion found listed on their website.
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9. Next Steps
This suite of studies produced the materials needed for an ambitious programme of
pledges for reduction of carbon dioxide emissions in all sectors of the Cambridge
community. It is now necessary to translate these materials into web content and
provide a centralized site for citizens, businesses, colleges, etc to gain access to the
information and the example strategies. It also will be necessary to convert these
strategies into concrete pledges for action, and to guide users in where they can obtain
the resources to carry out the pledges. This will involve providing recommendations
for funding; identifying outlets selling needed goods and services; helping individuals
and organizations share experiences and resources; and tracking the success of the
various actions in reducing the carbon dioxide emissions inventory for the city. These
should be the foci of the 2008 and 2009 Summer Programme.
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