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Abstract

The Scottish Government has high ambitions foretfaglication of fuel poverty by 2016 and
the reduction of carbon dioxide by 80% by 2050. Wi6.5% of Scottish households
continuing to live in fuel poverty it is clear thidiere is still quite a long way to go to meeting
these targets and therefore an urgent need toainefficient, low cost and low carbon
solution for the 9% of Scottish households that@nmeently using electric heating; the most
expensive and high carbon emitting heating systea éxists. Many households that are
currently using electric heating are located inhhigse tower blocks where individual gas
boilers in each household are not an option dumitiding safety regulations. Therefore it is

necessary to look at alternative solutions.

This thesis looks at the case study of West Whhlaw Housing Co-operative which is
based in one of the most deprived areas of Sco#aadhas high fuel poverty levels. This
housing association is investigating options fograging the old electric heating systems in
its buildings. The thesis develops a new tool Witan be used to calculate both the baseline
carbon footprint and fuel poverty levels of the &elolds which can then be employed to
analyse the effects of any new potential heatirggesys on these. The tool models both
biomass district heating and gas powered combimed &dnd power district heating systems

including modelling the heat distribution networkdaassociated heat losses.

The results of the investigation show that althoulgh average carbon footprint of the
residents surveyed was very low at 6.7 tonneseC@er year due to their very low

consumption of goods and services and very infregtravel there is significant room for

improvement in the emissions from energy use innibrae due to the electric heating in the
flats. The study illustrates that gas CHP coulduce total energy costs of an average
household in West Whitlawburn by 57% and reducectimdon footprint by 12% per year

while biomass could reduce the carbon footprinadiousehold by 17% but only reduce
energy costs by 40% on average. Although biomadsad heating represents a significant
financial saving over electric heating and the éatgeduction in carbon dioxide emissions,
the results show that it can not currently compmiecosts with gas powered CHP. In a

situation like West Whitlawburn, where cost is thwerriding factor, it would be necessary to



secure grant funding or the instigation of the Reatde Heat Incentive for biomass to be

able to compete with gas CHP.
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1 Introduction

The Scottish Government has set ambitious targeteth reduce carbon dioxide and
to end fuel poverty in Scotland.. If these twin siare to be achieved there is one
particular area that must be a priority for actitire 9% of Scottish homes which are
currently heated by electricity. Electricity is @&axtremely inefficient method of

heating homes and is not only expensive but alsaltsein a very high carbon

footprint. It is also often imposed on the poomasimbers of society who do not have
sufficient income to pay the higher tariffs yetmmt have the freedom to change their

system

Electric heating is especially common in denselpyated areas or in high rise
buildings due to the costs and technical challergjeisstalling a gas network and
ensuring that the building is safe and explosiomop(CE55 Energy Saving Trust
2004). These types of buildings and developmewrt®fien social housing, where the
poorest and most vulnerable members of society liee they are forced to use the

least cost effective heating systems.

Electric heating is neither a cost effective nowviemmentally friendly heating
method. Electricity generation is an inefficiembgess, with the most efficient gas
power stations up to around 50% efficient and frtlosses through the distribution
of electricity. There are also further losses aisged with converting the electricity
back to heat in an electric heater. This compaviéh the most efficient gas
condensing boilers which can be up to 95% efficiand suggests that with current
electricity generation methods, electric heating waver be less than double the price
and have double the carbon footprint compared \bitinning gas directly in a

condensing boiler.

The responsibility for these heating systems oftemes down to the housing
associations which own and run much of the so@aking in Scotland but may have
limited knowledge or expertise on the impact thi#fecent heating systems can have

on both fuel poverty levels and greenhouse gasstonis. Grant funding is often
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available to these housing associations to makagasato heating systems but they

would be required to show the impact that a proposav system would have.

There is a need for a tool which is simple enoumhnion experts to use and which
can accurately analyse the benefits of upgradiachttating systems, both in terms of

carbon dioxide emissions and energy costs of theesy.

Whilst there are many carbon footprint tools ava#éa the standard varies
considerably both in terms of what is taken intocamt in the calculations and the
clarity and ease of use of the calculators. itigortant that the tool should make the
carbon footprinting process as simple as possilée people being surveyed. This
means ensuring that questions are worded as siamdy clearly as possible and
avoiding words which may be not be understood. al#o means ensuring that
guestions are as simple as possible to answegx@mple by avoiding the need for
the respondent to sit down with a map and calculitovork out how many miles

they travel by bus per year.

Most online tools are often designed for an indiaidperson or household and do not
have the capability to store multiple househol@suits and to analyse the data on a
community scale. Other tools that have this cdjpabinay require an expensive

licence payment.

Although these tools often make suggestions alepisshat can be taken to reduce
the individual's carbon footprint, such as instajlia more efficient boiler or low
energy lighting, there is no carbon footprintingltavhich can also analyse the effect
on the footprint of installing community heatingsegms. There is no existing
mechanism that can be used to analyse the impattdifferent heating systems
would have on fuel poverty levels. This thesid @xplore the need for and develop a
new tool which can both calculate the current carfamtprint of an individual and
also estimate the effect that upgrading heatingegsys will have on the carbon

footprint and spending on energy.

The work will be based on a case study of West Miltiurn Housing Co-operative

(WWHC) which finds itself with a housing stock whichas been extensively

13



refurbished to a high thermal standard but sti#suslectric heating. Although the
tool will be designed with the particular situatiam WWHC in mind it is also
designed to be a flexible tool which could be ubgdther housing associations or

communities which are investigating the potentextdfits of district heating systems.

1.1 Objectives

» Development of a carbon footprinting tool whichlwil
- assess the current footprint of individuals andiysmeathe data for the whole
community
- assess the current fuel poverty levels
- make projections about the future carbon footpdhtindividuals and the
community based on the installation of districttiregasystems
- make predictions about how upgrades to the heatisgem would impact fuel
poverty levels in the area
» Develop a tool that will be as simple to understand use as possible, keeping in
mind the target audience of the tool

» Carry out an assessment on WWHC to test the tool

1.2 Methodology

The main steps taken to achieve the objectivesedtlabove are:

» Research the causes, effects implications anditiefirof fuel poverty.

* Conduct research and a review of issues arounaddotprinting and settle on a
clear framework and definition of what is meant d@ycarbon footprint in this
project.

* Review existing carbon footprint calculators, asalg their strengths and
weaknesses, learning lessons from them and adsesseéd to develop a new
tool.

* Research and assess the current and potentiahdesitions for WWHC and

comparing the advantages and disadvantages obe&ch

14



* Model the potential heating systems, including lagkat energy supply and
demand matching and heat loss from district headimgd) analyze their potential
impact on both Cé& emissions and fuel poverty levels.

» Design and make a carbon footprinting tool andwdising the steps taken.

* Test the tool in West Whitlawburn to assess both shiccess of the tool in
meeting the objectives and also the potential &ffe¢ new heating systems in
WWHC.

2 West Whitlawburn Housing Co-oper ative

West Whitlawburn is located in Cambuslang in Sok#st Glasgow and has a
population of around 1700. The area suffers fronftiple deprivations and is ranked
as one of the most deprived areas in Scotland.leTalBhows employment statistics
for the Whitlawburn area compared to the averagesSouth Lanarkshire and
Scotland and it can be seen that the area hasfisnly higher levels of

unemployment and income deprivation than the aeefagthe broader area.

Table 1Whitlawburn area employment statistics

Whitlawburn South Lanarkshire Council Scotland

Job Seeker Allowance
_ 7.9% 2.3% 2.4%
claimants

Percentage of working
age residents who are 30.8% 12.1% 11.6%

employment deprived

Percentage of total
population who are 58.2 16.8 17.1

income deprived

Source: (Scottish Government 2010)

Figure 1 shows the area of investigation for thislg encircled by a red line.
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Figure 1 West Whitlawburn Housing Co-operative

In the 1980s the area had become seriously run deitim poor quality housing and a
West
Whitlawburn Housing Co-operative (WWHC) was formed 989 when the residents

lack of repairs as well as a high crime rate andosgs social problems.

decided that something had to change and that dméyroption was to take control

and form a housing co-operative (West Whitlawbuouging Co-operative 2010).
"We really had no choice, either continuing to limeunacceptable and
deteriorating conditions or take control, seek Hogggrants from Scottish
Homes and set about regenerating West Whitlawbsranaattractive,
peaceful and high quality place to live." Phil WeMBE

All of the properties within the WWHC boundary anened by the Co-operative and
the breakdown of residents in the properties isvshia Table 2.
Table 2 Whitlawburn Households (2001)

% South
Households %WhitlawburpLanarkshire| % Scotland
Councll
Lone Pensioner households 9.4% 22.9% 23.5%
Households with dependent children 7.1% 14.4016 15.0%
Lone adults with dependent children 33.7% 30.8% 29%8.
Children in lone adult households 22.0% 7.3% 6.9%
Children in workless households 63.5% 24.6% 25.1%

16



Source: (Scottish Government 2010)

2.1 Housing stock

In the two decades since WWHC was formed signifigangress has been made in

turning around the area with refurbishments caroeton the co-operative’s building

stock to upgrade the fabric, windows and servi¢ebebuildings. There are six high

rise blocks and five low rise blocks and all flaise owned by the Housing Co-

operative.

The buildings have been upgraded to a high standatid the new U-values outlined

in Table 3, however the heating system in the inglslremain unchanged. All of the

buildings investigated in this study have electr&ating. This results in very high

energy bills for the residents, with an energy cidtast finding the average spending
on energy to be £1854.40 per flat in 2009 (RSP Qlting Engineers 2009).

Table 3 U-Values at West Whitlawburn Housing Coraipee

Section

U-value (w/fik)

External Walls

0.27

Roof 0.16
Windows 2.0
Floor 0.7

2.2 Energy consumption

The energy consumption of WWHC was estimated b§GDZonsultants report (RSP

Consulting

Engineers

2009)

17
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Table 4. The peak load heat demand for the systawed on both heating and
domestic hot water was calculated by the consultembe 1572kW.
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Table 4 Electricity consumption of the site

Dwellings (MWh/annum) Landlord  services Total for the site
Per Total (MWh/annum) (MWh/annum)
household

Heating and

hot water 12 6528 450 6978

Power 4 2176 1981 4157

Total 16 8704 2431 11135

Source: (RSP Consulting Engineers 2009)

2.3 Heating systems

WWHC currently has electric heating in its buildsngnd the Housing Co-operative

would like to upgrade this to a more efficient, tceffective and environmentally

friendly system. In 2009 they commissioned a fofrconsultant engineers to assess

the various possibilities for upgrades. The Hog<lo-operative set out a number of

requirements for any new heating system, these thatat should:

» reduce fuel costs

* Dbe controllable by the tenants, and simple to wtded,

* not take up additional space within the homes

» allow each dwelling to be metered and billed sepiyra

* not require a gas based system in each dwellingdwes to the building
construction this would not be allowed

(West Whitlawburn Housing Co-operative 2010)

The heating systems and the recommendations argideoad in further depth in
Chapter 6.

3 Fud poverty

This section looks aims to establish a clear d&édimi of fuel poverty for use
throughout the thesis as well as discussing theesaand effects of fuel poverty.
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3.1 Definition

Fuel poverty is widely understood to relate to éimeount of money spent on fuel in
the home, and this was reflected in the surveysethiout in West Whitlawburn,
where typical responses to the question about tenimg of fuel poverty included
“not having enough money for heating”. It is img@ot for this thesis that a clear
definition is adopted and stuck to and in this dageScottish Government definition
has been used, which states that:
“A household is in fuel poverty if, in order to main a satisfactory heating
regime, it would be required to spend more than %s income (including
Housing Benefit or Income Support for Mortgage dest) on all household
fuel use.” (The Scottish Government 2002)

The “satisfactory heating regime” in this definitibas been defined such that should
be able to maintain their living room at 21°C arnden rooms at 18°C for 9 hours in

every 24 hours and 16 hours in every 24 at the amak(The Scottish Government

2002)

It is important to note that fuel poverty is notreeasure of how much a household
actually spends on energy, but of the amount thay twould have to spend to
maintain their home at the satisfactory heatingllevt is logical that fuel poverty has
been defined in this way, as it removes the pddyilhat someone can be defined in
fuel poverty simply because they are very wasteith their energy use but it could
also distort the real situation in some instanGestain groups of people are likely to
spend more time at home than others, such as pareywung children or households
where someone is unemployed, may not officially ibefuel poverty if their
household income is above the threshold but coutdality end up spending far more

than 10% of their income on energy.

Household income has been defined as including ihgusosts and this has the
potential to distort fuel poverty statistics. Fosingle person living on Job Seekers
Allowance of £65.45 per week and with a rent of 226per week, which is covered
by housing benefit the fuel poverty threshold wokd£13.33 per week. If their rent
was to go up, and this increase was met by housemgfit, it is possible that they
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could be technically lifted out of fuel poverty evéhough their actual disposable
income had not changed at all. With this defimtithe most effective way for a
housing association to technically reduce fuel pgvéevels could actually be to
increase the rent in their flats! Glasgow City @cil was one of a number of
organisations which made this point during the &oiGovernment consultations on

the definition but this was not taken into accog@&lasgow City Council 2005)

It was decided that this definition should be udedpite its short comings as this is

the official definition used in Scotland.

3.2 Causesof fuel poverty

There are three main factors which affect fuel ptgvievels; household income, fuel
prices and the energy efficiency of the home. Ameg of these factors could be
enough to put a household into fuel poverty bug ibften the case that these factors
are interrelated all three factors combine to leavieousehold in very severe fuel
poverty. These factors are discussed below.

ncome

Households with a low income are likely to spertdgher proportion of their income
on energy than those on higher incomes and thisases the chance of them being in
fuel poverty. People on the lowest incomes caa afen have unreliable incomes
which could change from week to week if they aretémporary or agency
employment, working shifts or doing unreliable sewd work. This could mean that
despite earning enough over a full year there neawéeks when they simply do not
have any money left to pay for heating and if theg on a pre-payment meter they

could be left in a cold house

Energy prices

Clearly the price of fuels is an important factedahis can vary significantly over

time and between different fuels. Those on loweomes are more vulnerable to
rises in energy prices as this represents a higiogrortion of their income. Those on
lower incomes are also more likely to be in rerdedommodation and will often have

little choice over where they live or the type @faling system they have. This can
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often result in the poorest households being stitk the most expensive heating

systems.

Energy Efficiency

Energy efficiency, either in terms of the efficignaf a heating system or the quality
of the building can have a significant impact oalfpoverty levels. Again, those on
lower incomes often have little choice about whéwey live and can often be forced
to live in poorly insulated homes with old and ii@ént heating

systems.(Department for Energy and Climate Chagga )2

3.3 Effectsof fuel poverty

Fuel poverty can have serious effects on both thaltith and quality of life of

individuals or households. A cold home can exaaterlmedical conditions such as
influenza, strokes and heart diseases and prommetgrowth of fungi and mites which

can lead to asthma (Department for Energy and @irGhange 2001). Fuel poverty
can also lead to a household having to cut baaktioer things such as food or clothes
as so much of their income goes on energy. ltccaldo lead to social isolation as
there may not be enough money left after payingudet bills for social activities or

to travel to visit friends or relatives. The elgedisabled and children are the most
vulnerable to the effects of a cold home and ase tile groups who are most likely to
spend the largest proportion of time in the horhastexacerbating the effects of fuel

poverty.

3.4 Typical incomes

Table 5 shows estimated income and fuel povertgstiolds, which represents the
minimum spend required on energy to maintain asfeatiory heating regime, for
households in a number of possible situations, ssch household with one person
working full time on the minimum wage, a househelith no employment or a
household with one person earning the median wag&fasgow. These numbers
can be used to put energy costs into perspectiddaastimate how likely a heating

system would be to eradicate fuel poverty in Wekitl&wburn.
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Table 5 Typical household incomes

Total weekly| Annual Fuel poverty|
income income threshold
An unemployed couple with no
children £159 £8,268 £827
An unemployed single person £122 £6,327 £633
One person working full time on
the minimum wage £218 £11,310 £1,131
One person on median income fo
Glasgow £388 £20,150 £2,015
Two people working full time
minimum wage £435 £22,620 £2,262
Single pensioner on basic state
pension £130 £6,760 £676

4 Carbon Footprint

The term ‘carbon footprint’ is now widely used hihiere is a significant lack of
consensus about what it actually means. Whilg geinerally accepted that a carbon
footprint refers to an amount of gas released itite atmosphere which will
contribute to climate change this is where the ensss stops.(Minx & Wiedmann
2008) A carbon footprint could be associated wéth individual product or the
lifestyle of a person or group of people over afixperiod of time. There is no
consensus on whether a carbon footprint should itekeaccount exclusively carbon
dioxide or also include other gasses which contellbio global warming, such as
methane. There is also disagreement over whetbeddfinition should include only
‘direct emissions’ such as those from petrol buma car or also include ‘indirect
emissions’ such as the emissions associated wetimdgmufacture and distribution of
the car itself. (Minx & Wiedmann 2008)

The Oxford Dictionary describes a carbon footpaisit
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“the amount of carbon dioxide released into the @phere as a result of the

activities of a particular individual, organizatipor community{Oxford

Dictionaries 2010)
Whist this definition is technically correct, thact that a carbon footprint is generally
discussed in the context of anthropogenic globaiireg means that this definition is
rather misleading. There are a number of otheeg@sich as methane or nitrous
oxide that have also contributed to global warmswonly measuring the emissions
of carbon dioxide would underestimate the impactagbroduct or activity (Peters
2010). Some people have suggested that an altermame should be sought, but
with the term ‘carbon footprint’ now becoming wigletecognised, if not clearly
defined, and it would be confusing for the genguatblic if a new terminology was
adopted. The best option would perhaps be to ghetearbon footprint in either kgs
or tonnes of carbon dioxide equivalent (CO2e). Thauld represent the mass of
carbon dioxide gas that would have the equivaléstiaj warming potential of all of
the greenhouse gases released due to that actiitypduct. For example, the global
warming potential of methane is 56, which implieattlkg of methane is equivalent

to 56kg of carbon dioxide (Intergovernmental PameClimate Change. 1996).

4.1 Direct emissions

A series of emissions factors are produced by tKeGdvernment which show the
amount of CQe released per unit of fuel used or pound spemnoitem. This makes
it relatively easy to calculate the emissions e#lato direct energy use, such as
heating a home, use of electricity or driving a aarnt simply requires knowledge of
the quantity of fuel used, such as natural gasetrop and the emissions factor for
that fuel. Where energy use is not known it carfamy accurately estimated; the
amount of fuel used by a car for example can benattd from the engine size,
distance travelled and fuel type. The green h@aseemissions factor for petrol is
2.3307kg C@e per litre therefore if 1000 litres of petrol wersed by an individual in

one year the carbon footprint associated with iilkdoe 2.3 tonnes G®©.
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4.2

I ndir ect emissions

It is not quite as simple or clear how to calculdte ‘supply chain’ or ‘indirect’
emissions which are embodied in products or sesvitet we buy. Embodied
emissions refer to all the emissions released ia process of designing,
manufacturing, marketing and selling a product sasha car. The implication of
these embodied emissions is that the more goodsemtites that are consumed, the
higher the carbon footprint will be. This is pgosaan uncomfortable truth in a
society which is based on ever increasing econarowth which is reliant on the
continual augmentation of consumption. These @uadiemissions are not explicitly
comparable with the direct emissions associateti wiirning fuel, but they must
nevertheless be included in any carbon footprinimede if it is to give a good
representation of the impact that an individualestyle has on the environment.
Sometimes these emissions are simply ignored, asich the UK Government’s Act
On CQ calculator discussed in Chapter 5.2 but this ngepbduces a carbon
footprint which is both misleading and not directtpmparable with footprints

calculated using different tools.

4.3 Ecological footprint

The term ‘carbon footprint’ has its roots in theadof the ecological footprint which
was first conceived by Mathis Wackernagel and \afifli Rees in 1990 (Global
Footprint Network 2009a). The ecological footpiimia far broader concept than the
carbon footprint as it measures the total enviramaleburden that humans place on
one planet and calculates the amount of land tha¢quired to support a particular
lifestyle or activity (WWF & Sustainable ScotlandetMork 2009). The ecological
footprint takes into account both the amount ofilaequired to produce the food or
materials required as well as to absorb the emmnisswroduced by a lifestyle or
activity and maintain a sustainable biodiversityrfhe Global Footprint Network
defines the ecological footprint as:

“A measure of how much biologically productive lzanatd water an

individual, population or activity requires to prode all the resources it

consumes and to absorb the waste it generates psawgiling technology

and resource management practices. The Ecologicatgtint is usually

measured in global hectares.”(Global Footprint Netk 2009b)
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The ecological footprint thus gives a more compfetture of the impact that human
lifestyles have on the planet, taking into accdantors such as resource consumption
and depletion and land use, whether it is builtanpp or forested land. The results of
an ecological footprint are often presented aloiitt) & statement informing the user
how many times over the estimated sustainable lthely are, such ast“would
require 3.2 planets to support your lifestylelhis helps to put the result in context
and makes it far more understandable than thetrefw@ carbon footprint analysis
that is quoted simply as a number of tonnes of @@ O,e which does not mean very

much to most people.

However, whilst the ecological footprint has a nembf advantages over the carbon
footprint it is also a more difficult concept to antify. The result of a carbon
footprint can be calculated relatively easily indgtonnes of gas released, but it takes
a further conversion and numerous assumptions ngecbthat into an area of land
required. This increases the uncertainty of theulteand the likelihood of errors
being made in the calculation (Minx & Wiedmann 2p08 aking into account the
many pros and cons of the ecological footprintwias decided that the carbon

footprint will be used in this study as it offersrmre accurate and reliable result.

4.4 Recommendations

Following the review of literature surrounding cambfootprints it was decided that

the definition of a carbon footprint in this theslsould:

» Be a carbon footprint rather than an ecologicatgoot as it produces a simpler,
more reliable result that is more widely accepted @ecognised.

* Be measured in terms of carbon dioxide equivalemnisgons to ensure that the
results are a full representation of the impacarofctivity.

* Include both direct and indirect emissions to eaghat the footprint reflects all

activities of an individual

4.5 Déefinition of a carbon footprint used in thisthess

All of these considerations are represented infetlewing definition of a carbon

footprint outlined by the British Standards Ingiia:
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“Absolute sum of all emissions of greenhouse gaaased directly and
indirectly by a subject either over a defined pdray in relation to a specified
unit of product or instance of service and calcethin accordance with a

recognized methodology” (British Standards Instant2010)

In this study, the carbon footprint will be of amividual or the extrapolated footprint
for the community, over a period of one year. dslculations in this study are based
on the 2009 UK emissions factors published by thepddtment of Energy and
Climate Change which take into account emissionthefgreenhouse gases carbon
dioxide (CO2), methane (CH4) and nitrous oxide (IN2@d are expressed in kg or

tonnes of carbon dioxide equivalent (COZ2e).

5 Areview of existing carbon footprint tools

A review was conducted of currently available carbfootprint tools, noting the
strengths and weaknesses of each. The way a chrbtpmint calculator is designed
obviously depends on the definition of a carbontgdat which is used by its
developer and as there is no fixed definition chebon footprint there will inevitably
be different methodologies for developing the clatrs. There are numerous
carbon footprinting tools available, with many freeb based tools as well as those
for which a license must be purchased. Of theouartools investigated it was found
that they had significant differences between tireterms of the way questions were
asked, how the footprint was calculated and howréselts were presented. Some
look only at direct emissions whilst others includiedirect emissions from
consumption. Some calculate only the emissionsasban dioxide whilst others
calculate the equivalent mass of carbon dioxide tfa total green house gas

emissions and others include both a carbon fodtprid an ecological footprint.

A number of tools were looked at and the followiogls have been chosen for a
detailed discussion as they are representativeeohtimerous tools available: Reap

Petite, www.myfootprint.org ACT ON CO2 andvww.carbonfootprint.com

Each tool has been investigated from the follovasgects:

* What aspects of the footprint does it look at?
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* How easy is it to use and is the language thadésl clear?

* How easy are they to answer? Could users be expeaztenow the information
required?

* How visually appealing are they?

* How easy is it to track changes in the footprintrovme?

5.1 Reap Petite

Reap Petite is a program that can be downloadedfies trial but requires a license
in order to save results. The program calculdiesatal emissions over a period of
one year in tonnes GQCequivalent, as well as an ecological footprintgiobal
hectares. The program has the option to recordidite for an unlimited number of
individuals and use this to analyse the resulth@fwvhole community.

The Reap Petite program is divided up into 8 sastitnitial information’, ‘your heat
and power’, ‘your travel’, ‘your shopping’, ‘yourctvities’, ‘your recycling’ and
‘your water’. In the heat and power section theréhe option to either enter energy
consumption from energy bills, or to answer a numbk questions about the
respondent’s home, its thermal efficiency, the tygeappliances used and their
behaviour and the program will estimate their epergage. This is a useful option as
it is likely that many people will not have a wheear’'s worth of energy bills to hand

so this offers a useful backup option.

Unlike some other programs, Reap Petite does rofasexact amounts spent on
items or activities, but presents the average spgra household of that size in that
particular region and asks if the user to seleet haich they spend from a series of
options such as ‘nothing’, ‘less than this’, ‘abthis amount’ or ‘more than this’. An

example can be seen in Figure 2, which shows @s@teot from the ‘your activities’

section of the program and each question has assefi appropriate answers to
choose from. This method doesn’t offer the flelipior potential greater accuracy
offered by allowing the user to enter the exact amepent but it is also perhaps
unrealistic to expect people to know exactly winatytspend on different items. It is
possible that this method could actually lead ®atgr accuracy for some individuals

as it gives them some guidance where otherwise they have simply plucked a
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5.2

number from thin air. This style also makes ityeasy to answer the questions,
however it does make it rather more difficult tadk any changes in the carbon
footprint over time. If, for example, a user hasyously answered that they spend
‘about double’ the average monthly spend on clgiren they would have to bring
their consumption down by a whole category, forrepke to ‘about this amount’

before the calculator registered any change infologprint. This does not pose a
problem if the aim is merely to calculate a onefofitprint, but if the aim is to track

the footprint over time then this method is notailde

Overall Reap Petite is a very good tool but a leers required for the tool and this

expense significantly reduces it's accessibility.

get data enter/edt data I make pledges I analyse data | exit

save data | intial infomation I your heat ipnweri your fand i your travel I your shopping | your activities | your recycling | your water / yourtatal |

new record 1} In your region the average monthly spend by a household of your size on 5} In your region the average monthly spend by a household of your size

A = games, computer games. sports equipment and hobbies is £ 66.90 onthe cinema. theatre, TV licenses and subscriptions is £ 64 80
delete recor .

nothing nothing
name | spend less than this | spend less than this
record number up ta double this amaunt up to double this amount
= more than double this amount more than double this amount
% 2) In your region the average monthly spend by a household of your size 6) lfyour household contains smokers, how much is spent on cigarettes
2 onwatching and doing sports including gym membership is £ 41.10 and tobacco perweek?
: ey nosmokere |
g | | epend less than this oo
1= bout this amount :

3 | S IS oL e £20.00 to £40.00
3 L S more than £40.00
10 more than double this amount
n : 5
12 3) In your region the average maonthly spend by a household of your size 7) How frequently do you redecorate your home?
13 L on making phone ealls including mobile phone calls is £ 74.10 E
14 k k > rare|
15 nothing e
15 | spend less than this =
17 about this amount
18 up to double this amount
13 more than double this amount
20
?2 4} In your region the average monthly spend by a household of your size
7 on betting and the lottery is £ 2870
24 nothing
52 | spend less than this
- about this amount.
28 up to double this amount
29 more than double this amount
3
kil
32
33
34
35 2

Figure 2 Reap Petite

Act On CO,

The UK Government’s carbon calculator, Act On£® a well made and attractive
calculator. It has high quality graphics and aniores which make it more interesting

and engaging than many other calculators and thstiquns are asked in an accessible
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way. This is a free, web based calculator whicltutates an individual’'s carbon
footprint.

As with Reap Petite, this calculator also givesuber the possibility to enter details
about their energy consumption or to estimateoitnftheir answers to questions about
their home and behaviour. The calculator goesdntwsiderable depth with questions
about the type of appliances and gadgets, theiraageenergy efficiency rating and
how often appliances are left on standby. Thespamses are also used at the end of
the survey to give specific advice on what the wser do to reduce their footprint,
such as buying draft proofing or unplugging molpleone chargers, and gives an

estimate of how big an impact that would make fer $pecific user.

The section on travel also goes into more depth thast other calculators. It asks
the user questions about their driving style, hegutarly they check if their tyres are
properly inflated, if they use air conditioning the car and if they regularly drive

alone or with other people in the car. These dqoestcertainly allow for a more

accurate carbon footprint though it is possibld 8wne people would be put off by
the length of time that it takes to carry out thevey. The section on public

transport, shown in Figure 3 is simple but effetiallowing multiple journeys to be

added and allowing the user to select if it isrl& or return journey, the number of
times they make the journey, whether that is pgr par week, per month or per year
and how many passengers make the trip.
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_ Transport C@: Calculator

i
==  your travel

Laocal Bus

_ sign-up )

Figure 3 Act On C@public transport calculation

The section on flights also includes more detaihtinost calculators. It asks the user
to select the exact departure and arrival airpastsvell as asking if it was economy,
business or first class. This allows for a moreuaate calculation than most
calculators which often simply ask how many fligt®re taken, without even
requiring a specific distance to be entered. Tlasealso relatively easy questions
for most people to answer as it is likely that yeould remember which airport you

had flown to and if it was an economy class flighhigher.

The Act On CQ calculator does not include a section on conswnpii goods and

services. As discussed in Chapter 4, the methodaleulating the indirect emissions
from consumption of food, goods and services ifed#ht to that for direct emissions
such as from the use of gas to heat your home @nda directly comparable. It is
also more difficult to be confident that the indireemissions calculated are an
accurate representation, but it is entirely misiegdo simply disregard this whole
section of emissions from the calculation. Therea obvious explanation on the Act
On CQ website as to why this has been excluded, schiaigeneral public who are
unlikely to have sampled a selection of differeootprinting tools, it may not be

obvious that there is a whole section missing ftam calculation. This could give
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users the false impression that their consumptabits and lifestyle have no impact
on the environment and that it is possible for thtengo green’ whilst continuing a
highly consumerist lifestyle. The lack of a sestion consumption also means that
the results of this tool are not comparable withsth of most other tools. Users that
compare their results from this calculator with @ional average produced by a
different method could be falsely led to believattkheir footprint is considerably

lower than the national average.

Overall this is a good tool for individuals andvisry accessible due to its graphical
interface but is not suitable for communities amdeariously let down by the lack of a

section on consumption of goods and services.

5.3 www.myfootprint.org

This online calculator developed by the CenteriSostainable Economy calculates an
ecological footprint and presents the results mbgl hectares, yet calls it a carbon
footprint. The tool calculates an average footpiom the given country of residence
using publically available data from sources sushthe United Nations and World
Bank and then adjusts the results for the indiMidiording to the answers given
(Center for Sustainable Economy 2010). The tody aalculates the footprint of

individuals, it doesn’t have the capacity to lodkk@ammunities.

Many of the questions are rather vague and it doeiclude a section where details
on home consumption can be entered, instead mat&s it from answers about the
size of house and type of appliances used. Tlgu&ge is not always clear and terms
such as ‘compact fluorescent bulbs’ or ‘water sgvitures’ are employed which
may be confusing to many users. One question theksiser which ‘energy saving
features’ they have and or if they have ‘energycigfiit appliances’. The terms are
not clearly explained and it is likely that manyopé& will not understand them. For
those that do understand it is quite possible tiey have a mixture of appliances,
some of which are energy saving and some whicmatrdnowever this possibility is
not catered for.

There is only one question about vehicle use, hisdstmply asks the user to enter the

total number of kilometres travelled by each forintransport in a year. This is
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clearly very difficult to answer and requires theeuto carry out some calculations
outside the program to estimate how far they travelr a whole year. It is unlikely

that many users would be able to easily estimaentimber of kilometres travelled

by aeroplane per year without searching for a todhelp them to calculate it and
there is no advice on the best way to do this.

This tool offers some important lessons on how resent questions in a clear and

easy to answer manner.

5.4 carbonfootprint.com

This calculator is a web based tool which calculate individual’'s carbon footprint
in tonnes of C@equivalent and allows the user to specify the fomeod over which
they wish to measure their carbon footprint. Td ts a relatively simple design and

uses few words or explanations but it is cleareasl to use.

The calculator looks at both direct and indirecissimons, but calls them primary and
secondary emissions. Whilst the direct emissioalsutations are based on the
emissions factors supplied by the Department fovilenment, Food and Rural
Affairs, the indirect emissions are based on es@maade by the company (Carbon
Footprint Ltd 2010).

The section on indirect emission is relatively st@nd basic compared to some other
calculators and as shown in Figure 4 has sectiocis 8s ‘Fashion’ with a number of
possible responses such as ‘I regularly shop te la® latest fashions’, ‘I buy new
clothes when | need them’ and ‘I only buy seconddhalothes’. This approach
makes it very easy for the user to answer, as geyply have to choose which
response is most appropriate, rather than tryingstomnate how much they spend on
each item however it is clearly not a very accumatasure. The website openly
states that the footprint from indirect emissiorsymot be very accurate but should
be thought of more as a indication (Carbon Footpkitd 2010) but this method
makes it extremely difficult to track any reductionthe indirect emissions over time
unless the user makes a significant change in bBetiaviour, such as changing from

‘I buy new clothes when | need them’ to ‘I only bsgcond hand clothes’.
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Lan_oEge: Eng_[.l.sh (Unlted.Statea} s S ) ) _ Why create an account?
Secondary carbon footprint calculator

Please select the option in each category below that most closely fits your
Individuals lifestyle, and then press the Estimate button to estimate your secondary carbon
footprint
Calculators [l

€Oz Reduction |
Offset Shop 1
Carbon Offsetting
Resellers ganic ¢
= | anly ever buy or grow our own organic food -
Account
2 In season food

| only ever buy or grow in season food -

Food preferences
| am & vegan -

Organic produce

Imperted food and goods
| grow all my own food. and don't buy any produce -

Fashion
| requizry shop to have the Iatest fashions -

Packaging
| don buy anything which has pachkaging around it -

Figure 4 Carbonfootprint.com

The section for home energy use allows the usenter data either about how much
energy is used (for example in KWh) or the amoudnnhoney spent on energy. This
is a useful option as even if the user does not hheir bills to hand, they may
remember approximately how much they spend onralégtor gas. This section
does not include the possibility to estimate thergyn consumption based on the type
of home, appliances and behaviour so this calauiatonly of use for people who

have some information about their energy use andipg.

The section for public transport is also somewimaitéd, requiring the user to simply
enter the number of miles travelled over the yeadifferent forms of transport. This
method requires the user to do some calculatiortedaf own to estimate their total
distance travelled over the year and is likely b gome people off or result in them

making very vague estimates which may not closefigct reality.

5.5 WWEF Footprint calculator

The online calculator from the World Wildlife Fuifd/orld Wildlife Fund 2010) is a
well designed online calculator that asks clearsimgple questions and is easy to use.

Again it is designed to calculate the footprinirafividuals rather than communities.
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The section on travel takes a different approackaime other tools by asking the
respondent how much time they spend in differepesyof vehicles per week. This
information can be used to estimate the distanaeelied and the amount of fuel
used. Although this method can only ever giveidyfaague estimate of the actual
amount of fuel used, it is a much easier questwnthe respondent to answer than
one that is based on distance travelled. It isentikely that someone will know that
they travel 30 minutes per day on a bus thantitas they would know how far they
actually travel. This method requires a large amhaf statistical analysis in the

development of the tool.

In the section about energy use in the home theulkedbr asks a number of simple
guestions about the type of building such as; tadtahouse, how many people live
there and then a number of questions about thesusehaviour. These include the
approximate temperature of the home, if they tendeave lights or appliances on
standby or if they use low energy light bulbs. kg&hese questions can only provide
a very approximate estimate of the carbon footphotvever they are very quick and
easy for the respondent to answer and this is rikety to encourage people to

complete the survey than if they have to spendng lime answering dozens of
guestions and working out the answers. It is igocase that many people will not
have access to their energy bills and could notdied on to provide accurate
estimates of their spending on energy, so in samse<cthis technique could actually
calculate a more accurate footprint than more ketacalculators where the

respondent is forced to estimate many answers bectney either don’'t know or

can’'t remember the answer.

The section on ‘stuff’ is again very simple andye@sanswer, with six questions such
as how much do you spend on DIY tools, gadgetdjames and jewellery. The user
is asked to select one of the spending brackets ascE0-100 or £200-300, which
again makes the question quite easy to answerdae#n’t require too much thought

about exact spending.

The tool calculates both the carbon footprint dreldcological footprint and presents
the results in an easy to understand format thatvshgraphically the number of

planets required to sustain your lifestyle, as showFigure 5.
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; ' Your footprint is
" \ 2 .36 planets
15% 3206 ﬂ 33 | We've also calculated your --_ :

- e carbon footprint, which sha 85
is 11.01 tonnes per annum s
n & A 5
Q, 3 .
% e Sign up
(its quick & reel)

Figure 5 WWF Footprint Calculator

5.6 Discussion

Although there are a many different carbon footpcalculators available, each with
their own strengths and weaknesses there is notamhevhich stands out above all
others as superior. The most appropriate toohfgiven situation would depend on
both the requirements of the tool and the target gsoup. If a very accurate and
detailed carbon footprint is required and the taegedience are motivated and have
the time to answer questions then a more detadetl dcould be used. In other
situations a more straight forward and less timasaming calculator might be
required to perform quick and simple footprint ys before the audience get bored

or give up.

It is important for this project that the calculatan handle data from a number of
different users and collate the responses. (thalltools reviewed, only Reap Petite
has this capability but a licence must be purchasédre the tool can be used and this
is likely to be prohibiting to small housing assdmns or community groups. There

is a lack of freely available tools which can bediso calculate community carbon

footprints.

From an analysis of the variety of methods thatehlagen incorporated by different

tools to estimate consumption levels, it appeaas tfe most accurate method would
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5.7

be for the respondent to enter the amount spentadaus items which can then be
converted directly into emissions. The disadvamtaigthis method is that it relies on
the accuracy of the estimate or, in many casesgtiess of the respondent. An
important criteria for this project is that the t@hould be capable of tracking the
carbon footprint of individuals and the communityeo time to show any change in
the footprint. To accurately track the footprint @n individual over time it is
important that the tool is based on the entry afcéxdata, rather than those such as

Reap Petite which ask the user to select fromrdiffecategories.

To make it simpler for the respondent they sho@dylven the option to choose the
timescale over which they answer, for example thay have an idea how much they
spend on food per week, but they may only buy ornsvo pairs of shoes per year so

it would be easier to answer how much they spenyqer.

A number of tools calculate both ecological foatprand carbon footprint, whilst
others choose one or the other and whilst somes toalculate carbon dioxide
emissions, others calculate carbon dioxide equinal@hese differences are not often
clearly explained to the respondent and this méaldifficult to compare the results of

different tools.

Development of a tool

It is also important that the tool looks at morarttihe baseline carbon footprint of an
individual or community. An integrated tool is teiged which can look at both the
current carbon footprint and the fuel poverty stadéi individuals and communities
and assess the impact that changes to the heastgns could have on both the
carbon footprint and fuel poverty levels. It is paomtant that all of these
functionalities are combined into one tool as itkemthe process of analysing the

situation in a community of housing association moore straightforward.

None of the tools reviewed here have the multiplacfionalities required and
although detailed modelling packages exist whiclhildde used by a qualified

engineer to conduct an in depth analysis of they #itere is a lack of a simple yet
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effective tool which can be used by non-expert siger whom this tool is mostly

aimed at.

The development of a new tool also provides theodppity build on the strengths of
the various different carbon footprinting tools éale, combining the best ideas of
the various tools into one new design. A numbeeobmmendations are made based
on the lessons learnt from the existing carbonutador tools and these are listed in
Chapter 5.7.1.

5.7.1 Recommendations

Following the review of existing carbon footprirdlculators there are a number of
recommendations that can be made about how thetoewshould be developed,
taking into account the various strengths and wesd®s of the different tools. These
are the following:
» As defined by the carbon footprint definition admgin Chapter 4, the tool should
calculate the carbon footprint in tonnes of £0
* The tool should store data for a number of usersllow averages over a
community to be calculated.
* A back up option for estimating the emissions fremergy use in the home should
be included in case the individual does not knoswtlnergy consumption.
» The tool should be flexible and give respondentgua ways to answer questions
where possible as is the case with the ActOxn&alculator. This could include:
o selecting from different time periods such as peeky per month, per
quarter or per year
0 entering energy consumption in either the numbehkyged or the
amount of money spent on fuel
0 entering car travel either by the amount of fuekdusn litres, the
amount of money spent on fuel or the distance liete
* The public transport section should be based on nte¢hodology used by
ActOnCQG, where a number of trips can be entered for each furtransport and
it can be specified if this is return or single aralv often the trip is made. An
example could be a 10 mile bus journey, once pentim@lus the return trip as

well as a 2 mile bus journey five times per weelgéb to work, plus the return
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journey. The calculator should then calculate dmaual emissions associated
with these journeys.

* Individuals should be asked to enter consumpti@hearergy use in exact amounts
rather than selecting a category as it is importhat the footprint can be re-
calculated in the future and improvements tracked.

» The section for emissions from air travel shoulguiee the respondent to specify
the distance flown rather than simply the numbdtigiits taken.

* A link should be provided to a website which estiesathe distance between
airports to allow users of the tool to work out thstance of their flight.

* The tool should avoid using technical or ambiguawds which the general
public may not understand as this could either teatiem wasting time trying to
understand the meaning of the question, not ansg/éie question or incorrectly
understanding the question and answering inacdyratdechnical or overly
complicated wording could also have the effectushing people off the survey,

especially given the specific target demographithi tool.

6 Scope and methodology of the tool

Following the analysis conducted in Chapter 5 iswacided that a carbon footprint
tool would be developed, building on the strength&xisting tools and adding the
required functionality to analyse the fuel povelgyels and effects of alternative

heating systems.

A number of methods of developing the tool weresudered, including adding the
functionality to the existing Edem tool, which ist@ol for modelling the carbon
emissions and energy consumption associated wittlitgs. Finally it was decided
that the most appropriate method would be to dgvelo excel based tool. This
allows the tool to be developed relatively quicklyd still leaves the possibility that
the functionality could be added to Edem at a ldt&e, once the methodology has

been clearly established and tested.

This chapter outlines the decisions made aboutréhj@irements of the tool, what

should be included in it, and how the footprintsiddbe calculated.
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6.1 Requirements of thetool

The carbon footprint tool will build on the recomnaations in Chapter 5.7.1 and

should be based on the following requirements.

* The carbon footprint should be based on the dafimibutlined in Chapter 4.5. It
should be measured in tonnes£@nd should be as complete as possible, taking
into account:

o Energy use in the home.
o Travel, including by car, public transport and air.
o Consumption of all goods and services.

* The tool should calculate the fuel poverty thredhntome for each household.

* Model potential new heating systems to analyse logv footprint and fuel
poverty threshold would be affected by installattdmew heating systems.

0 User input cells should be included to allow thest®on to be fully
customisable for use at different sites.

» Allow data for multiple people to be stored so tresults can be analysed over the

whole community.

6.1.1Target users of the tool

The tool will be designed primarily to be used using associations, community
groups or others who are looking to assess thedtrgdecommunity heating schemes
and who have some knowledge of current energy ddsnahthe site but is flexible

enough to be used in a variety of contexts.

For this project the tool is designed to analyse hieating systems at WWHC but
includes user input cells which ensure that thé ¢aa be fully customised for use at
other sites. The aim is for the tool to be flegileinough for an expert with detailed
knowledge of the requirements of a particular sitecustomise the design of the
heating systems. A function will also be includiat will allow users with less

technical knowledge to scale the data up or dowgite rough estimates for other

sites.
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6.1.2Printable survey

The excel tool is aimed at members of staff batilitate the surveying of tenants a
printable version should be produced. The ansivens these surveys could then be
fed into the calculator to calculate the carbortgaat.

The survey will ask the same questions as the ocadatculator but allow more
flexibility in the way that questions are answeréchere may be questions where the
respondent may not know the full answer but mayble to provide the necessary
information for the answer to be calculated. Aareple of this would be with travel,
where the respondent may know that they travel sy foom West Whitlawburn to
Glasgow but not know the distance. The questioBngiovides the space to write

these details which can be used to calculate gtardie later.

The full text of the questionnaire can be seenppendix 2.

6.1.30utputs of the tool

The main outputs of the carbon calculator are shiowiable 6. Some of the outputs
are relevant to both existing and potential heasygfems while others are relevant to

only certain systems.

Table 6 Outputs from the carbon footprint calculato

With current heating system |With alter native heating

systems
Carbon footprint of the Carbon footprint of the
individual individual

Average carbon footprint of |Average carbon footprint of

the community the community

The individual's spending onThe individual's spending orn

energy energy

Fuel poverty threshold of theFuel poverty threshold of the

household household

Fuel poverty status of the Fuel poverty statusef t
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individual individual

Cost per unit of heat

6.2 Information about the respondent

The tool should start with a number of questionsualthe respondent which do not
necessarily contribute to the carbon footprint g@tons but which can be used
either for analysis of the data or to provide infiation to the Housing Co-operative,
such as the tenants opinions on the existing tgeatstem or on fuel poverty in the

neighbourhood.

A number of these questions will provide informatihat can be used to analyse the
data and split it up into socio-economic groupghsas by age, income, family size
etc. Itis anticipated that certain groups wilbaigher carbon footprints than others,
for example people who are retired, unemployedawethyoung families are likely to
be at home more often so are likely to use moreggne the home which would
contribute to a higher carbon footprint. It iscafmssible that households with higher
incomes will consume or travel more, which couldoalead to a higher carbon
footprint. These questions will allow analysistbé data by these sub-groups and

confirm if these assumptions are correct.

6.3 Methodology to calculate the carbon footprint

The carbon footprint calculations are based onikeGovernment's greenhouse gas
emissions factors published in 2009 (AEA 2009). isTis an extensive list of
emissions factors for both direct and indirect emiss. The emissions factors can be
used to convert data about an activity, such asntimber of miles travelled in a
particular vehicle or the number of kWh of eledtyicused into kilograms of C@

produced.

All of the emissions factors used are for kg ofbcar dioxide equivalent (C®) and
take into account carbon dioxide (&(nitrous oxide (NO) and methane (Cjl The
emissions factors of each gas are weighted acaprttintheir Global Warming

Potential relative to carbon dioxide accordinghe tJK Greenhouse Gas Inventory.

42



The Global Warming Potential of nitrous oxide isO3and for methane it is 21

(Intergovernmental Panel on Climate Change. 1996).

6.3.1Grid electricity

The emissions factor used for electricity is 0. BKRBCQe/kWh which represents the
average emissions of electricity from the natiogad. This is based on the current
generation mix and is independent of which compieyelectricity is bought from.
Some carbon calculators give credit to individwalfi® purchase their electricity from
companies such as Green Energy that produce elactrom only renewable sources
but this can be misleading. The electricity praatlidy companies such as Green
Energy has already been taken into account in tlte ayerage so should not be
double counted by reducing the footprint of theivitihal who buys it. It could be
argued that this is unfair to those who make thHerefo purchase their electricity
from a supplier which uses a high proportion ofesgable energy, but to take this into
account it would be necessary to use a specifisgorns factor for each energy

supplier depending on their generation mix.

The emissions factor takes into account transmssind distribution losses of
electricity but only includes the direct emissidnem fuel burnt in power stations,
ignoring the emissions associated with producind @ansporting the fuel to the

power station.

6.3.2Direct emissions

Emissions from burning natural gas for heating atrvater are given in kg G@ per
kWh of gas used.

For travel in private vehicles the emissions fagtare available both in terms of
emissions per litre of fuel used, or per mile ttedin different types and sizes of

vehicle.

Emissions factors for public transport are for kigeCQOe released per passenger km

travelled.
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6.3.3Emissions from Air travel

The emissions factors used for air travel giverthmber of kg of C@e per passenger
km travelled and are split into three categoriesnestic, short haul and long haul
flights. This is because during take off the ergimre at full thrust and use a large
amount of fuel. On short flights the fuel usedtake off represents a larger
proportion of the total fuel used and means thatfttel efficiency per mile flown is
lower than on longer flights, where the fuel usédake off can be spread over a
greater distance (Kollmuss & Bowell 2006). To h#lp user decide which category
their flight comes under they have been named enctidculator as domestic flights,
European flights and long haul flights.

The 2009 Guidelines to Defra / DECC's GHG Converdsi@actors for Company
Reporting (AEA 2009) suggest multiplying all distas by an ‘uplift factor’ of 9% to
take account of the fact that often planes camditedelayed or asked to circle before
landing so the distance is often greater than dgdec This should be done

automatically by the carbon calculator.

The emissions factors are for the direct emissadrGHs, N,O and CQ from the fuel
used for the flight based on average aeroplanepacmy levels however the actual
impact that flying has on the climate are more demphan that. Aircraft generally
fly at altitudes between 9000m and 13000m andeselaltitudes the warming effects
of the greenhouse gases are different and more legnp calculate than at ground
level. The concept of radiative forcing is usedtda&e into account these effects.
Whilst there is still a great deal of disagreemamtthe issue, to take account of the
effects of altitude as well as the effects of emiss such as water vapour and NOXx it
is currently recommended that a multiplication éact.9 is used (AEA 2009). The
government emissions factors do not automaticaltyude this multiplication factor
as there is still no clear consensus on this facidespite the uncertainty it was felt
that it would be misleading to only take into acabthe direct emissions as this
would certainly underestimate the effect of flyiag this multiplication factor has
been used.
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7.1

6.3.4Indirect emissions

The emissions associated with consumption aretanae of the emissions produced
by other organisations in the provision of the valg goods and services. These
emissions factors represent the kg €Qroduced per £ spent on the particular

product.

The emissions factors are developed with inputwutpbles for the UK economy
which record all interactions between different usttial sectors. These tables
demonstrate the way that one particular sectonaistry uses the goods and services
produced by other sectors to produce their own ywbdAEA 2009). The input-
output tables are combined with data about thectl#eissions from each industrial
sector and reallocated as indirect emissions agettdsupply chain emissions for end
products. For example, the supply chain emissairns newspaper would take into
account all of the direct emissions produced by ¢hmpanies which supply the
paper, ink, printing presses as well as other comegavhich supply services such as
hospitality or travel services. The emissiongdexgive the kg of COreleased per

pound spent on a product (Dawkins et al. 2010).

The emissions factors are based on the price ofodupt in Pounds Stirling,

excluding VAT. It is unrealistic to expect indiwvdl users to do the calculation
themselves to remove VAT from the amount spenthsowill be done automatically

by the carbon calculator. Most food is exempt frgdT and although there are a
number of exceptions, mostly snacks such as cegpsice cream, it would be too
complicated to ask users to enter separately tlrianspent on specific types of food
for which VAT is applicable so it has been assuritedhese calculations that food is
VAT free. VAT has not been taken into account neapers and books or for leisure

activities as these are generally exempt from VAT.
7 Heating systems

Heating solutions for West Whitlawburn Housing Co-oper ative

In this section the options for upgrading the heatystems in West Whitlawburn

will be discussed and compared. The reasoninghdehe choices of heating system
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is based on the consultants’ report into heatirggesgs in WWHC (RSP Consulting
Engineers 2009) which considered heat pumps, shé&amal and modular CHP in
each building but due to the specific requiremenhthe site they were discounted as
possibilities. These systems are discussed byietlilining why they are unsuitable
before a more in depth discussion of the two faduechnologies; biomass district
heating and gas powered combined heat and powectieating. The Housing Co-
operative have already narrowed their choices dimithese two options so these are

the ones which will be investigated in this project

Heat pumps

Both ground and air source heat pumps were searpatentially effective method of
reducing both heating costs and £€nissions however they were discounted as an
option for WWHC as they do not meet the essentitdria that each dwelling should
be individually billed. There is not the space im@e on site for individual
heatpumps for each household and the consultagigested that it would not be
viable to individually meter households from a gltaheat pump. Individual billing

is seen as an essential criterion of the new hgpaystem by the Housing Co-
operative as they believe that this will encourtegents not to be wasteful with their

energy use.

Solar water heating

It was felt that solar thermal could make an imaortcontribution to hot water
requirements however with the roof space availablerould not be capable of
meeting the entire demand of the development. $iséem would also require a
secondary heating system to further heat the watéhe required temperature for
central heating as well as to provide back-up wihean not meet demand. This was
discounted as an option as it is felt that therertieating and domestic hot water

system requires replacing and this system is rlda of fulfilling that requirement.

Combined heat and power (per building)

Individual CHP units for each building were disctadh as there is not sufficient

space available to install a unit in the existingdings.
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Recommendations

The consultants recommended a district heatingesygtowered by either a biomass
boiler or gas CHP unit. The following sectionskdost at district heating in general
and then at the specifics of both biomass and ¢#3 l@2ating.

7.2 District heating

A district heating scheme provides heat to a numdferseparate buildings or
dwellings by pumping hot water through a heat istron network of insulated
pipes. A district heating network could supplyiadividual tower block or a whole
housing development, an industrial unit or a sitehsas a hospital but they are most
effective when supplying a combination of differéypes of buildings with different
heat demand profiles which balance out to give aenumnstant demand for heat.
District heating is especially effective in densblyilt up areas as it reduces the size
of the heat network required, reducing both inatedh costs and distribution heat
losses. Due to the high installation costs, winsiolve constructing an underground
network of pipes between buildings, district hegitis most cost effective when it
replaces existing electric heating systems. Thakes district heating very attractive
for areas with a high density of high rise towewdis, which are most likely to use

electric heating.

The main elements of a district heating system are:

A central heat source

The water for a district heating system can bedteéty any means, from burning
fossil fuels in a conventional boiler, using a bass boiler, a heat pump or a

combined heat and power unit.

A heat distribution network

Heat is transferred from the source to the useavigtwork of insulated pipes. This
can be a very simple pipe network for a districtirey system which serves only one
building or a much larger network that serves ale/own. There are different types
of pipe which can be used but the simplest metisoth iuse pre-insulated flexible

pipes which can be laid directly in the ground &ad also be curved around corners
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without requiring additional joints (RAUTHERMEX 280 This is important as it is
often at a pipe join where the largest heat lossesr if it is not well installed.

Equipment in individual homes

A district heating system can use conventionalatads for domestic heating, so for
dwellings which already have radiators installeéytican often be left inplace, thus
reducing the installation costs. Where a heat pisnysed to supply the heat, larger
radiators would be required due to the lower wégenperature achieved using heat
pumps. Where electric bar or fan heaters had guely been used a new radiator
system would need to be installed in the building.

If dwellings are individually billed, as would bbe case in WWHC, then it is also

necessary to install heat meters in each homadt& the amount of heat used.

7.2.1Benefits of district heating

The main benefit of a district heating system & thallows the heating systems to be
upgraded to a more efficient heating method. 1as possible to install individual
gas boilers in the WWHC buildings and in many ashidee them around the country

so there are limited options available for upgrgdime old electric heating systems.

The actual benefits of the system depend on thbadaised to generate the heat, and
the two options for WWHC are discussed in more id@tathe following sections.
Where a district heating system is used to repéxisting electric heating, as would
be the case in West Whitlawburn, the benefits, lmmbnomic and in terms of GO
emissions can be significant irrespective of whethe heating system is based on

gas CHP or a biomass boiler.

Once a heat network has been installed it is xvatisimple and cost effective to
change the heating method in the future withoutrigato change all of the equipment
in individual homes. For example if a gas CHP eysis installed now, it could be
upgraded to a biomass CHP system relatively eastlye future when the technology

has become more cost effective and better establish
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7.2.2Disadvantages of district heating

Despite advances in the thermal insulation of watpes, there are still significant
heat losses associated with transporting hot veater long distances in pipes. These
losses need to be taken into account when assessinguality and cost of fuel, as
well as the size of heat generation system requifgte heat losses are discussed in

more detail and modelled in Chapter 8.2.

Another problem with district heating is that thestem must be ‘always on’. This
implies that hot water must be flowing through giges at all times, even if only one
household needs heat. This increases the heatfrtlmsspipes and is taken into
account in the heat loss calculations mentionedabdf a large accumulator tank is
used to store the hot water then the heat genatates not necessarily have to run at
all times as water can be taken from the accumutattk. The pumps do need to be
running at all times however and electricity reqdirfor this must be taken into

account.

There will be administrative costs associated wiidinaging the system and billing
the tenants and these costs must be covered the#ieost charge to tenants. These
costs are discussed for West Whitlawburn in Chap@b.

7.3 Biomass

Biomass is material made up of living, or receritlyng organisms, usually from
plant based material. There are three main typesicamass suitable for energy
generation:

* Wood Either from coppiced forest, prunings from parklaand gardens, sawmill
by-products or waste wood. Willow is often useddoppicing due to its speed of
growth and has a high calorific value.

* Energy crops These are crops such as miscanthus which are gspexifically
for energy generation as they have a high yieldragh calorific value.

« Waste and industrial bi-products and agricultural residues These can be
either from municipal waste collected from housedbspivaste or by products from
industry, such as spent grain from the brewing @secor agricultural residues

such as straw.
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(Biomass Energy Centre 2009)

7.3.1Woody biomass

Given the large resource of wood available in $eat] wood is the most realistic
biomass fuel type for this site. Wood is generaliailable in one of three forms,

woodchips, pellets or logs and these are discussieav.

Logs
Logs are generally suitable for small scale or dstinéneating systems up to around

50kW and have not been considered as a suitablefdudhis system (Forestry

Commission Scotland 2010).

Pellets

Pellets are made of compressed woodshavings amdusawThe major advantage of
pellets is that because the wood is compressedhidnesy a higher calorific value than
normal wood and therefore require less storageespas the manufacturing process
is more intensive and requires more energy thanahwoodchips their cost is also

considerably higher, at around £150 per tonne @ogre€ommission Scotland 2010).

Woodchips

Woodchips are made by shredding branches anditreesachine to produce small
chips of wood which can be easily handled and aatmally fed into a biomass
boiler. There is a large resource of wood in Seatl and although this is not
currently very developed, as biomass energy geoaradbecomes increasingly

common it is likely that woodchips will become maoeadily available.

Woodchips are a relatively bulky fuel and requirensiderable storage space,
however they are very cost effective at around g80tonne for wood with a 30%
moisture content (Forestry Commission Scotland 2015 space is not an issue at
West Whitlawburn and cost is perhaps the most itaporfactor, woodchips are
recommended as the most suitable biomass fuel WH@.

Figure 6 shows how the energy content of wood saw&h moisture content as

calculated by Equation 1. Whilst biomass boilems available which can handle
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woodchips with a wide range of moisture contents igenerally advisable to use
chips with a moisture content of below 35%. At aisture content of 30% wood has
a calorific value of 11.66GJ/tonne. All calculat®oin this thesis are based on wood

with a moisture content of 30%.

Calorific Value of Wood
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Figure 6 Calorific Value of wood

Equation 1

Calorific Valueof Wood=17.7283- (0.2021x MoistureConten)

Source: (Forestry Commission Scotland 2010)

7.3.2Biomass heating

Biomass can be converted into either electricahermal energy. The simplest is to
produce heat by simply burning the biomass, eithreiits own or co-firing it with
other fuels such as coal. Figure 7 shows how #et lcan be extracted from a
biomass boiler by passing water through a heatangdr (The Royal Commission on
Environmental Pollution 2004).
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Figure 7 Biomass boiler
Source: (The Royal Commission on Environmentaluéoh 2004).

A biomass boiler can be around 90% efficient anuast efficient when working at a
full load. To ensure that the boiler is run at maxm efficiency an insulated
accumulator or buffer tank is generally used. When heat demand is below the
peak output of the boiler, the water is storechmtank until it is required. When the
tank is full the boiler can be switched off and Heat supplied by the water stored in
the tank. This allows the boiler to be run effitlg at full load until the buffer tank is

full and then switched off until the buffer tanknsudown to a predefined level.

7.3.3C0O, impact of biomass

Biomass is often considered to be ‘carbon neuaalthe carbon dioxide emissions
that are released when it is burnt were absorbeaddliis growth. If biomass is taken
from a sustainable source then more trees willrbevg to replace the ones that have
been burnt and ensure that the carbon cycle caginDespite this carbon cycle it is
false to assume that biomass is carbon neutrahere tare further COemissions
associated with the growth, harvest and transgdtteofuel which must also be taken
into account. The Department for Energy and Clan@hange suggest a carbon
emissions factor of 0.01579kg@&kWh for woodchips to take into account these

factors. This still represents and enormous savu®y most other fuels, with natural
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gas having an emissions factor of 0.204 kg.€KNh and electricity 0.544kg
CO.e/kWh respectively (BRE 2009). Gas boilers areegally used as back up and to

meet the peak demand, so the emissions from ths$ afep be accounted for.

7.3.4Economics of biomass

Using woodchips, biomass can be a very cost etiedteating method. At a cost of
£80 per tonne of wood chips with a 30% moistureteointhis gives a cost of
2.7p/kWh, which compares very favourably with tlestcof electricity and is similar
to that of natural gas. The cost of woodchipskisly to vary by region as well as
supplier and the value of £80 which has been uséldeise represents a high estimate.
Even using this upper estimate value, this wouldl refpresent a significant saving

over the cost of the current electric heating systen WWHC.

It is also important to take into account the apttosts of the system and this is
especially important for district heating due te thigh cost of the heat distribution
network. This cost can has a very significantaften the cost per unit of heat which

must be charged to the tenants.

Renewable Heat | ncentive

The UK is due to launch the Renewable Heat IncentivApril 2011 which will pay a
fee for every kWh of heat produced by the specifiedt generation methods. This is
based on the Feed In Tariff which already exists dtectricity generated by
renewable methods and is designed to encourage pamuiote the uptake of
renewable energy systems for heat generation subleat pumps or biomass boilers.
The tariff paid will depend on the size of the gatien unit and for biomass boilers is
split into three different categories of small, nued and large and the tariff for each

size are show in Table 7.

Table 7 Renewable heat incentive sizes and tariffs

Size Scale Tariff (pence/kWh
Small 0-45kW 9

Medium | 45-kW-500kW | 6.5

Large 500kW+ 1.6-2.5
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The Renewable Heat Incentive will not be includedhe cost benefit calculations as
it has not started yet and doubts remain over venathnot it will definitely go ahead
as planned but it is worth ensuring that the sygieslifies for the best tariff possible.
There is a significant difference between the fapfaid for the three boiler sizes and
this would become a very important factor in thesigie of a heating system as a
boiler that falls into one of the lower categori@euld be much more financially

viable than a slightly bigger boiler earning a lowagiff.

7.4 Gascombined heat and power

Combined heat and power is a process that simualteshe generates electricity and
useful heat from the same source. Conventionaitraligy generation typically

ranges from 30% efficiency for a coal fired powtation to around 50% for the best
gas fired turbine, with the remaining 50-70% of #meergy wasted, mostly as heat.
With combined heat and power systems this heagajguced and used for domestic
heating and hot water or for industrial process&gypical CHP system might have
an electrical efficiency of 30% and a thermal éfficy of 45%, giving a total

efficiency of 75%.

It is possible to use a variety of fuels rangingnirbiomass to natural gas or even coal
in a CHP system. Where a solid fuel is used a eotional steam turbine would be
used to power the generator, however this is oabnemically feasible for systems
with an output of over 1IMWe, which would not be ttese in West Whitlawburn.
For smaller scale systems a gas generator is a appepriate. It is possible to
convert biomass fuels such as wood chips for use igas generator using a
gasification process where air is blown throughfild to create a combustible gas.
This gas, which is mostly made up of carbon momn®xadd hydrogen, can then be
used as the fuel in the same way as natural gasottuce both electricity and heat
(The Royal Commission on Environmental PollutiorD20 This process has not
been considered in this case as it is still reddyivnew and commercially untested
technology in the UK. Housing Associations are genherally in the position to
invest large amounts of money in untested techmedo@s it would represent a

significant risk and would not be easy to find fingifor.
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7.4.1CO; impact

Natural gas remains the most appropriate fuel fwaler scale CHP systems such as
the one envisioned for WWHC. Whilst gas poweredPClH neither a renewable
energy source or a low carbon technology like bissnid can still offer significant
carbon dioxide savings over many other methodseokrating electricity and heat.

In the case of WWHC a gas powered CHP system hagditential to produce

significant CQ savings as it would be replacing an old and ing&ffit electric heating

system. The actual GBavings from a CHP system that can be associaitidaw
individual household depend on how the electrigitpduced by the unit is used.

Three possible scenarios are outlined below:

» If the electricity is exported to the grid then pihe savings associated with the
heat can be attributed to the individual housetenid the emissions associated
with the electricity will be taken into account the carbon intensity of the
national grid.

» If the electricity is used for the landlord sengcéhe emissions savings would be
attributed to the Housing Co-operative but not daiye to the individual
households.

» The third option is that the electricity is soldatitly to the households, in which
case the emissions savings could be attributeldettidouseholds. For this to work
it would be necessary to have a direct connectiothé households so that the
electricity would not have to pass through the olai Grid to get to them,

otherwise the savings would have to be incorporattedthe grid intensity.

7.4.2Economics

The potential financial savings depend on the tfpgystem that is being replaced. In
the case of West Whitlawburn where electric heatingurrently used, the savings

could be considerable.

The real financial benefits of a CHP system ar®@@aged with the electricity. The
ideal situation is where all electricity is be usedsite, in which case the price of the
grid electricity that it replaces can be offsetiagathe fuel costs of the whole system,

making the heat very inexpensive.
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7.4.3Case study — Stockethill Combined Heat and Power

This case study shows how CHP has the potentialake a large impact on energy
costs and C@emissions when replacing electric heating in toblecks similar to
those in WWHC.

In 2002 Aberdeen City carried out a study to ingede the possibilities for replacing
the existing electric storage heating in their kkof flats. The three main
requirements of a new heating system where timatigt:

» reduce the building’s carbon footprint

* be affordable to install

» reduce fuel bills for the tenants and as a resdltice fuel poverty levels

(Energy Saving Trust 2008)

The recommendation of the report was to installuanlmer of combined heat and
power (CHP) units, each of which would supply déstheating to a number of blocks
of flats. To administer the CHP units the cousell up a not-for-profit energy service
company (ESCO) called Aberdeen Heat and Power @¢Tltte Scottish Government
2009)

A CHP system was installed in Stockethill supplysgroup of four blocks of flats
containing a total of 288 flats, of which 98% wenened by the council. The flats
had originally been heated by electric storageihgdEnergy Saving Trust 2008) and
tenants would pay up to £15 per week for heatind)@m average of £3.48 per week
for power (The Scottish Government 2009) which &6 of the tenants living in
fuel poverty (Energy Saving Trust 2008).

A 210kWe gas fired reciprocating engine CHP unisvistalled, along with two
700kWth gas fired boilers to provide back up toskistem and to meet the peak load.
An underground heat distribution network of prediased pipes was installed to
deliver the heat to the four blocks of flats ane thnants were also given the option to
buy their electricity from Aberdeen Heat and Poweth the any excess exported to
the National Grid (The Scottish Government 2009).
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7.5

With the new system installed, tenants paid arfitse of £4.75 per week for heat and
hot water for 48 weeks per year and for tenants Waght their electricity from
Aberdeen Heat and Power paid £3.06 on average &@wep (The Scottish
Government 2009).

The CHP system achieved the three objectives hyifgigntly reducing the CO
emissions whilst lifting all tenants out of fuelyaoty. The system was affordable,
with a total capital cost of £1.84million, with 4086 the cost met by a grant from the

Energy Saving Trust (The Scottish Government 2009).

Impact on fuel poverty and carbon footprint

A district heating system powered by either gas @HR biomass boiler is likely to
be considerably lower cost and have lower emisdioas the current electric heating
but it is necessary to model the systems in dagadketermine which will be the most

suitable system for this development. This isiedrout in Chapter 8.

8 Design of the heating systems

The biomass district heating and gas CHP systerssused in Chapter 7 are
modelled automatically by the carbon calculatot,tadth the user required to enter a
few pieces of data and this chapter details thatous and methodology behind this

section of the tool.

The first step is to model the different sizeddlat WWHC to calculate the energy
consumption required for each one to maintain disfaatory heating regime as

outlined in the definition of fuel poverty.

After that the heat loss from the heat distributi@twork and storage systems can be
modelled by calculating the pipe sizes required @ardying out heat loss calculations
for these pipes. This is followed by an analysithe two heating systems; a biomass

boiler and gas CHP district heating.

8.1 Moddling of dwellings

As fuel poverty levels are based on a theoretipginding on energy requires to

maintain a satisfactory heating level it is necsssa model the dwellings to
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determine what this theoretical energy consumptimuld be. The dwellings in
WWHC were modelled using the Edem tool developed thy University of
Strathclyde (Energy Systems Research Unit 2008k flats were modelled based on
three different sizes, outlined in Table 8.

Table 8 Floor area of flats

Lat type | Floor area (M

1 bedroom 54.4

2 bedroom| 76.5

3 bedroom 82.3

The U-values used in the modelling process aredist Table 9 and are based on data
supplied by the WWHC.

Table 9 U-values of flats

U-value (W/niK)
Glazing| 2.00
Roof 0.16
Floor 0.70
Wall 0.27

Further data used in the modelling is shown below:
Ceiling height 2.5m

No wall cavity

Climate: UK standard

HT demand: Scottish standard

HW demand: Scottish standard

Appliances: Standard

Table 10 shows the occupancy levels that Edem h#seslculations on and work
out as 9 hours in every 24 hours during the weekl@hours every 24 hours during
the weekend. These occupancy levels corresportdetalefinition of fuel poverty

outlined in Chapter 3.1. The program will mode #nergy required to maintain a
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temperature of 2L in the living room and I& in other rooms during these hours,
even if this may not correspond to the actual teatpee or hours of occupation in the
real flats in WWHC.

Table 10 Occupancy levels

Day Occupied between
Weekday| 7am-9am and 4pm-11pm
Weekend 7am-11pm

The results of the modelling are shown in TableTehle 12 and Table 13 for the
three different sizes of flats.

Table 11 Energy consumption of a one bedroom flat

kWh/annum
Heating 3975.5
Hot water 1765.8
Electricity (lighting and 1566.7
appliances)

Table 12 Energy consumption of a two bedroom flat

kwWh/annum
Heating 5584
Hot water 2119
Electricity (lighting and 2203
appliances)

Table 13 Energy consumption of a three bedroom flat

kwWh/annum
Heating 6005
Hot water 2205
Electricity (lighting and 2369
appliances)

8.2 District heating network

8.2.1Heating network layout

The district heating network will supply the sixver blocks and five low rise blocks.
The pipework has been divided into three pipe tyges main pipework underground
connecting each building to the heat source andlesmadoor pipes in each building

connecting each flat to the main heating network.
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Underground pipes

The design of the underground network is showniguife 8. The network was split

into six sections to estimate the total length iplerork required and these lengths
were estimated using the measurement tool on Gdtayln (Google Inc. 2010). The

separate sections are numbered in Figure 8 andiahke 14 lists the length of each

section. This length is then doubled to take adoount the return pipe.

Figure 8 District heating network

Table 14 Underground pipe lengths

Section Length (m)

1 170

2 190

3 130

4 20

5 120

6 50

Total 680

Total pipe length

including return pipe 1360
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Indoor pipes

The indoor pipework for each tower block is estiesatbased on a vertical pipe
running up the centre of the building, with threetras of horizontal pipe to connect
each individual flat to the main pipe. The didttieating pipework does not take into
account any pipework with in the household as ithialready installed and any heat
loss from pipework within the household is alregalyen into account in the heat load
calculations. As shown in Table 15, each towecllis 13 stories high with 72 flats

per tower, each tower will require 250m of pipework

Table 15 Indoor pipework in tower blocks

Length of vertical Length of horizontal Total pipe length
pipe (m) pipes (m) (m)

Per tower block 34 216 250

Total for six 204 1296 1500

blocks

The low-rise blocks are based on a different dedigo flats per stairwell on each
floor and, depending on the size of the block tlzeeebetween two and four stairwells
per block. The pipe length is based on a vertpé in each stairwell and four
metres of pipework on each floor to connect to gzaih of flats. Table 16 shows the
required lengths of the indoor pipework for the f®& buildings in more detail. To
simplify the calculations the horizontal and veaticpipe sections are treated
identically in the heat loss calculations.

Table 16 Indoor pipe work in low-rise blocks

Length of | Number or | Length of | Length Total (m)

building vertical vertical horizontal

pipes (m) | pipe (m) pipes (m)

Belmont 40m long 2

Road a 21 32 53

Belmont 40m long 2

Road b 21 32 53
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Clifton 80m long 4

Terrace 42 64 106
Hilton 60m long 3

Terrace 315 48 79.5
Albany 60m long 3

Terrace 315 48 79.5
Total pipe

length 147 224 371

8.2.2Pipe diameter

The carbon calculator can be used to calculatepthe diameter required for the
district heating network. The calculator is basedthe following calculations and
requires the user to enter the peak heating Idedwater flow temperature and the
water return temperature. The density and spebifat capacity are entered as a
default for water at 5@. These two values can be changed by the useevesvit
will not significantly affect the result if they ateft at the default value as they do not
vary significantly within the likely range of watdemperatures used for district

heating.

To calculate the required pipe diameter Equatias fd'st used to calculate the mass

flow rate of water required to meet the peak hieat fate.

Equation 2

Where:

g=volumetric flow rate

h=heat flow rate

co,=specific heat capacity
p=density

dt=temperature difference

(The Engineering Toolbox 2005a)
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The peak heat demand was estimated to be 1572kWebgonsultants report (RSP
Consulting Engineers 2009). At the average wataperature of SIC the densityp,

of water is 988.14kg/fand the specific heat capacity, af water is 4.182kJ/kgK
(Rogers & Mayhew 2002).

The temperature, dt, is the difference betweennier flow temperature, 6C and
the water return temperature, °@) and is therefore equal to 2 Using these
values in Equation 2 gives:

q= 1572
4.182x98€.14% 2C

q=0.01902n%/s

At a density of 988.14kg/frand with 1kg of water equal to 1 litre, this isuaelent
to 18.791/s. The engineering toolbox (The Engimeeiloolbox 2005b) recommends

a water velocity of around 1.5m/s in water pipes.

1.5m

Figure 9 Calculating the pipe diameter
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To calculate the required pipe diameter the fitesp $s to calculate the volume of pipe
required to hold 18.79l/s for one second if it iavelling at a velocity of 1.5m/s.
Figure 9 shows the pipe volume required and thisbmused, along with Equation 3

to calculate the required pipe diameter.

Equation 3
Enclosedvolumeof pipe= 71 °L

Entering the relevant data into Equation 3 gives:

0.01902=7/1%x15

[ = /0.01902
157

d=0.127"m

This shows that a pipe diameter of 127mm will bgureed for this flow rate. The
pipes used in this modelling exercise are suppbgdRauthermexand once the
required pipe size has been calculated the mosoppate pipe can be selected from
their catalogue (RAUTHERMEX 2005). In this case thasest match is the 125/182
pipe from the ‘UNO pipes, pipe series 1, SDR 1liese which has diameter of
125mm.

Smaller pipes can be used inside the buildingheg do not need to carry the same
guantity of water. The required pipe size wasnestied by calculating the average
heat demand per flat at peak heating load of 1572KWith 544 households this
works out as an average of 2.80kW per flat. Aspipes in the Tower blocks will
feed 72 flats each, the peak heat demand per ttovegrban be estimated at 207.3kW.
In the low rise buildings each pipe will only beguired to feed 8 flats, which works
out to a peak heating load of 23.0kW. Using thehoe outlined above the pipes
chosen for the tower blocks are the UNO 40/91 pip&h a carrier pipe diameter of
40mm, while the UNO 25/91 pipes, with an pipe ditanef 25mm were chosen for

the low rise buildings.

The various pipe dimensions are outlined in Talle 1
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Table 17 Pipe dimensions

Pipe section| Pipe length (mPipe diameter (mm|
Underground 1360 125
Low rise 742 25
High rise 3000 40

These calculations will be done automatically ia tarbon calculator tool, with the
user required to input relevant data and the tamlld/output the required pipe length
for example a number will output a required diamete127mm for this pipe. A
database of actual pipes manufacturedRauthermex(RAUTHERMEX 2005) is

included and the user can then refer to this defimdl the corresponding pipe.

8.2.3Distribution losses

The heat losses from the pipe network can be aedilby applying Fourier's Law,
shown in Equation 4, to the cylinder of the piggsing this with the cylinder shown
in Figure 10 gives Equation 5.

Equation 4
Q=-kall
ox

. fof B

Figure 10 A simple cylinder
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Equation 5

27K, L(T, - T
Q: a (l 2)

8.2.4Composite cylinder

The pipes used for district heating are pre-insglaand more complex than the
simple pipe shown in the previous section. Fidifeshows the layout of a composite
cylinder with g representing the inner radius of the pipé¢he outer radius of the pipe
and g the outer radius of the insulation. As the heandfer rate, Q, is constant
through each layer,

Equation 5 can be applied to each layer in turnciyhfor the composite cylinder
shown in Figure 11 would give The heat loss throtnghpipe layer is calculated with
Equation 6.

Equation 6 and Equation 7 for the inner pipe ardisulation respectively.

Figure 11 Composite cylinder

The heat loss through the pipe layer is calculatitl Equation 6.

Equation 6
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Q= ZHl(LT)
In-2
rl

The heat loss through the insulation layer is dated with Equation 7.
Equation 7

_ 27—kb I—(Tz _Ts)

r
In—=
r2

Q

T, can be eliminated from the calculation by adding Heat loss through the pipe
layer is calculated with Equation 6.

Equation 6 and Equation 7 together to give Equa8pmhich shows the full heat
transfer through the two layers.

Equation 8
Q - Tl _T3
r, Iy
In= In=>
no,.on
27k, L 27k, L

T1 is the temperature of the inside of the pipe dmsl is assumed to be the same as
the water temperature in the pipe. Whilst the ambtemperature around the pipe
mat be known, this is not the same astiie temperature of the outside of the pipe.
The ambient temperature is likely to be lower tktae temperature of the outside of
the insulation, %, so the total heat transfer coefficient must &g into account the
heat transfer from the outside of the insulatiorit$osurroundings. There are two
different scenarios to be considered, the firdorsunderground pipes which are in
direct contact with the surrounding soil so wils@lface conductive heat losses
through the soil. This is discussed in Chapter53.2The second scenario is the
indoor pipes which are surrounded by air and wél dubject to convective and
radiative losses to the air, which is discusse@hapter 8.2.6.
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Figure 12 Pipe diameter

The following assumptions are made in the calooestiof heat loss from the pipes:

* The calculations are based on the manufacturets. d&his data will represent
the best case scenario from laboratory tests anddtual performance is likely to
be inferior.

» Pipe lengths are based on the estimated lengtheemlitn Chapter 8.2.1 and may
differ from the final design of the heat network.

* The calculations are based on a straight line pipieh will be reflect the actual
situation in most cases. The calculations areasea ‘flexi-pipe’ which can be
bent around corners which means that pipe joinsnetl be required at corners.

» Although the heat loss of curved sections of thpe prould not be identical to that
of straight pipes, it would be impossible to motigs without a detailed pipe
network designed so it has been assumed thatds=saisl uniform along the entire
length of the pipe.

e The calculations treat the system as a ‘full flasy'stem, where hot water is
flowing in the pipes at all times. In reality thater flow will vary with demand
and there may not be water flowing in all pipesakttime during the summer,
however it would add an unnecessary level of carafibn to the calculations to
take this into account.

» To take into account the potential for higher Heases through pipe joints as well

as the fact that the manufacturer's data represemsst case scenario, the total
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heat loss has been increased by a factor of 158fgore that heat losses are not

underestimated.

* The estimated pipe length has been doubled faeallions take into account the

need for a return pipe.

8.2.89Jnderground pipes

The underground pipes are designed to be buriedn@@elow the ground. The
ambient temperature of the soil is assumed to BE With a thermal conductivity of
1.2W/mK (RAUTHERMEX 2005). The temperature of gl close to the pipe will
be slightly raised by the heat from the pipe scetolve this a layer of soil is treated
as a further layer of insulation with a thickne$®®m, as shown in Figure 13, with
temperature 7 at the outside of this layer of soil assumed teeha temperature of
10°C, the same as the ambient soil temperature. mbens that an extra layer must

be added to the total heat transfer calculationghvbives Equation 9.

Equation 9
Q= T1 _T4
r, s r,
In—= In—= In%
r'1 + r2 r3

+
27k L 27k L 27Kk L
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Figure 13 Underground pipes

Table 18 shows the values that were entered int@fian 9 and used to calculate the
heat loss from the underground pipes. The resadt asheat loss through these pipe
sections of 270MWh per year.

Table 18 Values used in calculations of heat lom® funderground pipes

Symbol | Value

Ty 50°C

T2 10°C

R, 102.2mm
R> 125mm
Rs 184mm
R4 784mm

L 1360m
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Ka 0.38W/nfk

Kp 0.032W/nmk

Ke 1.2W/nfk

8.2.andoor pipes

To calculate the total heat transfer coefficient ttonvection and radiation heat
transfer coefficients from the outside of the pipehe ambient air must be taken into
account. This is shown in Equation 10. In realie radiation heat transfer

coefficient, Ik, can be ignored as it is very small at these teatpees.

Equation 10
Q= Tl _T4
r.2 r3
In—= In—=
no, Lo 1

27k,L 27k,L (N, +he,)A,

The convective heat transfer coefficientwas estimatedising the Passive House
Planning Package (Feist 2007), which estimatesue\af 6.23W/rik for the low rise
pipes and a value of 6.50Wknfor the tower block pipes. To simplify the
calculations a value of 6.5Wfinwas used for both pipes. A sensitivity study was
carried out on the value ofto ensure that using this estimated value will aftect
the results adversely. Table 19 shows the resfiltse sensitivity study based on the
heat loss from the indoor pipes in the tower bloekd demonstrates that increasing
h, makes little impact on the annual heat loss. Ewereasing the value of;ho
1000W/nfk only increases the annual heat loss from thespsspby 12.5%.
Reducing bhhas a more significant effect on the annual hesd, ltor example when
h2 is equal to 2W/fk the annual heat loss is reduced to 177.9MWhndJaivalue of
6.5W/nfk is an acceptable approximation for this modeltas considerably more

likely to over estimate than an underestimate #a losses.

Table 20 shows the values used to calculate theldesafrom the indoor pipes. The
calculations are based on an ambient temperatut&af which reflects the fact that

the pipes are inside, but may be located in avedior lobby so will be lower than
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the 2FC temperature inside homes. Based on these vaheettal annual heat loss
from the pipes in the low rise buildings is 41MWidan the tower blocks it is
250MWh.

Table 19 Convective heat transfer coefficient simityi study

Convective heat Total heat transfer Total annual
transfer coefficient |coefficient (W/nfk) heat loss
(W/mk) (MWh)

1 0.1312 138.0

2 0.1693 177.9

3 0.1873 196.9

4 0.1979 208.1

5 0.2049 215.3

6 0.2098 220.5
6.5 0.2117 222.5

7 0.2134 224.3

8 0.2162 227.3

9 0.2185 229.7
10 0.2203 231.6
100 0.2363 248.4
1000 0.2381 250.3

Table 20 Calculation data for indoor pipes

Symbol | Values for tower blockValues for low rise pipes
pipes

T1 50°C 50C

T 15°C 15°C

R1 32.6mm 20.4mm

R2 40mm 25mm

Rs 93mm 93mm

L 3000m 742m
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Ka 0.38W/nfk 0.38W/nfk

Kp 0.032W/nmk 0.032W/nik

h, 6.5W/nfk 6.5W/nfk

8.2.7Total heat loss from pipes

Table 21 shows the total heat loss from the dgtigm network, with the total
increased by a factor of 15% to ensure that theelblave not been underestimated.

Table 21 Total heat loss from pipes

Pipe section Annual heat loss (MWh)
Tower blocks 250

Low rise 41

Underground 271

Total including 15% extra| 646

The total heat loss of 646MWh per year represed® bf the total heat demand of
the site which fits exactly with the recommendatianSAP 2009 (BRE 2009) to
assume a heat loss from the heat distribution n&two 10% of the total heat

demand.

8.2.8Further losses

Storage losses

The storage losses from the accumulator tank dimaged using the heat loss factor
of 0.0152kWh/litre/day recommended in SAP 2009 (BRIB9). This is based on an
accumulator tank of 60000 litres and assuming thattank is full at all times.
During times when the tank is not full this will @ over estimate of the losses
however this is preferable to underestimating thiemptial losses.

The total annual losses from the accumulator tankHis system are calculated to be
194MWh.
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Energy from pumping

Whilst not technically a loss, the electricity réga for pumping the water around the
district heating network must also be taken intccant. SAP 2009 (BRE 2009)
estimates that electricity used for pumping is éqoa% of the energy required for
heating and hot water. This estimate has been asddn this case this requires
63MWh of electricity.

83 CHP

8.3.1Design

As discussed in Chapter 7.4, the size of a CHPigiitited by the heat demand at
the site. It is usually recommended that a CHResyspowers buildings with a

variety of uses, such as a combination of resideatid industrial buildings to ensure
that the heat demand is relatively constant. éncthise the system will be linked only
to residential buildings and the relatively sma#ah demand from the landlord
services so is important that the unit is not overs or heat will be wasted during

summer.

The design of the CHP system should be based osfutlgr monitored energy
consumption profiles of the whole development teuge that it is the appropriate size
for the site. In this study such detailed data n@isavailable so the analysis is based
on energy demand profiles provided by modellinggpams. The system is designed
to meet 50% of the annual heat demand, which woetiire a 358kWthermal
system. The Jenbacher J208 GS gas engine is remughach in this case. It can be
run with an electrical power of 294kWe and thermalver of 395kWth or, most
appropriately for this development, with an eleetipower of 330kWe and a thermal
output of 358kWth.

The system is designed to run at full load througtibe year. Electricity generated

by the unit will be used for the landlord servicegh any surplus exported to the
National Grid.
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By running the system on full load all year itilkely that some heat will have to be
wasted during the summer months when the heat dimsareduced, but it is likely
that it would still be beneficial to run the unitfall load at these times to benefit from

the lower cost and less carbon intensive eleotribit can be generated.

8.3.2Modelling the system

The CHP system was modelled using the Merit progrdmech is a supply matching
program developed by the University of Strathclydde program which can be used
to match the energy supplied by renewable energiess with the demand profile of
buildings or groups of buildings. Merit includesnamber of predefined energy
profiles of various types of UK buildings such agetlings, offices and industry. It is
possible to adjust the profiles by entering theunesgl total energy consumption over
the period and the program will use this to scaéerhagnitude of the energy demand
profile.

Merit was used to model the CHP unit described abayainst the thermal energy
demand profile of both the flats and the landlcedviees. The profiles used are for
the typical heat demand of a dwelling, with thewwlrconsumption adjusted to match
that of WWHC. A typical profile of an office wased to represent the profile of the
landlord services and scaled to match the totakggneonsumption of landlord
services of 405MWh.

Whilst these are not likely to match exactly witle tenergy demand profile they will
provide an acceptable estimation of the supplydemdand match of the development
and the CHP unit. The CHP unit was modelled basedfutl load operation
throughout the year. The unit is modelled withGm& accumulator tank which is
designed to hold two hours worth of hot water agrage consumption, but during

periods of low consumption would last much longer.

Results

The thermal energy supply and demand profiles easelen in Figure 15, with the red
line representing the demand and the green lineesepting supply. The effects of

using the 60rhaccumulator tank can clearly be seen from thetgeapthere are times
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when heat is supplied significantly above the rabetbut of the unit of 358kW.
Table 22 shows the results of the analysis andnthe see that the system meets 50%
of the heat demand as anticipated. Although tiesome heat wasted during the
summer months this is only 322MWh which represelfi® of the output of the
system and this loss is compensated for by thdreligég generated by the unit. As
the emissions factor for the electricity generabgdthe unit is lower than the grid
intensity it is also environmentally beneficial dee the unit when there is little heat
demand as this would still produce less@missions than importing the equivalent

electricity from the National Grid.

When electricity from the unit can be used onsitge savings can be made compared
to importing electricity from the National Grid hewer the electricity exported to the
grid is less profitable. If a further detailed djuof the energy profile of West
Whitlawburn revealed that there are periods dutimg summer where both heat
demand is low an electricity demand from landleedvices is also low then it would
be worthwhile considering modulating the CHP unit these times. It is not
financially beneficial to run the unit when thesebioth a low heat demand and a low
electricity demand onsite as the income from expgrthe electricity to the grid
would not cover the running costs. In these sibnatit would be better to use heat
stored in the accumulator tank or from the backajters to meet any heat demand

and import electricity from the national grid.

Power (ki)

ALK oSl -

730 us0 2130 220 350 aam 510 ) 6570 7300 030 780
Time (nrs)

Figure 14 CHP electricity demand matching
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Figure 15 CHP heat demand matching

Table 22 Output from CHP system

Electrical energy Thermal energy
Energy demand (GWHh) 1.98 6.28
Energy supply (GWh) 2.89 3.20
Energy used (GWh) 1.92 2.88
Energy surplus (MWh 967.30 322
Energy deficit (MWh) 57.92 3.39
Match rate 76.23% 50.23%
8.3.3Fuel

With a total efficiency of 80.7% the CHP unit wikquire an input of 3.54GWh of
natural gas per year. There will be a further nexpient of 4.7GWh of natural gas
per year to supply the backup gas boilers and tkenugo for the distribution losses
calculated in Chapter 8.2 which gives a total afLt5%Wh of natural gas per year.

8.3.4CO, emissions

The emissions savings associated with the CHProugt be split between the heat
and electricity generated. The UK government dinds (AEA 2009) recommend

using the formulas outlined in Equation 11 and Egunal2 to calculate the emissions
factors of the heat and electricity generated lgy @HP unit. Although the actual

emissions breakdown would depend on the specifitesy, the equations provide an
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acceptable approximation which will be applicabte dther systems and is the

guidance given by the UK government for reportingssions.
Equation 11

2x totalemissions
2 x totalelectriciy produce()+ totalheatproduced

EmissiongperkWh electricity = (

Equation 12

totalemissions
2 x totalelectriciy produce<)+ totalheatproduced

EmissiongperkWh heat= (

Emissions from electricity

Using Equation 11 the emissions factor for elettyriproduced by the system was
calculated to be 0.362kg G&KkWh generated. If 1.92GWh of electricity is used
from the CHP system for landlord services as wémaged in the modelling exercise
this would equate to a total saving of 349tonnes,eC@hen compared to Grid

electricity. All of this saving would be attributéo the Housing Co-operative.

Emissions from heat

Using Equation 12, the emissions factor for heategated from the CHP unit was
calculated to be 0.181kgG&kWh. A further emissions factor was calculatedthe
heat generated by the backup gas boilers whichfawasd to be 0.324kgCgZkWh
which gives and average emissions factor for a einfteat from the district heating
system of 0.262kgCg&kWh. This compares very favourably with the enaiss
factor for grid electricity of 0.544kgGAXWh which is currently used for heating in
the flats.

In a flat with a current electricity consumptionr fbheating and hot water of
12000kWh this would equate to a saving of 3.7 te@@e per annum, or a reduction
of 57%.

Over the whole site the GBavings from domestic heat and hot water and ¢aidd|
services heat, hot water and electricity would égta a saving of 2500 tonnes&O

per annum. This is the saving based on energy ossie and does not take into
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account the additional savings associated withetbetricity exported to the National
Grid.

8.3.5Costs

At the scale required the cost of natural gas94{d/kWh (Department of Energy and
Climate Change 2010) which equates to a total spgrah gas of £235,760 per year.

There is also a cost of £7536 for electricity fanming the pumping systems.

A cost of £40,000 was included for operation andnteaance of the system. This
takes into account the cost of staff to run theesys and to handle the billing of

tenants as well as maintenance of the system.

The consultants report estimated a capital costloh to install a gas fired CHP
system with district heating for this site howetlds cost has been increased to £1.5m
for these calculations to add a good margin fooreand ensure that the cost is not

underestimated.

It has been assumed that a loan will be taken @ubver the capital costs an the
annual repayment required is calculated using Equat where:

C=Capital cost

r=rate of interest

n= repayment period in years
Equation 13

Cr@+r)"

Annual repayment=
@+rn"-1

The calculations are based on an interest rateofaiid a repayment period of 15

years. This gives a total annual repayment of 1584,

Table 22 shows that 1.92GWh of electricity fromdkmd services will be offset by
electricity generated in the CHP system. At anraye cost of 12p/kWh for grid
electricity this works out as a saving of £230,@@0 year on electricity that would

otherwise have been imported from the grid. Thierea further 859MWh of
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electricity which would be exported to the natiogatl each year at an export tariff or
3p/kWh, providing an income of £26,000 per year.

The results of the cost benefit analysis are 2h#bp/kWh would need to be charged

to tenants for their heat to cover costs and reeaymf the capital loan.

8.3.6Fuel poverty

Table 23 shows the effects that the CHP systemdvbale on the energy costs of
tenants. It is anticipated that the system woificalmost all households out of fuel
poverty as the highest theoretical spending onggnisr estimated to be £631 for a
large, three bedroom flat. Comparing this with tyyg@cal incomes in Table 5 where
the lowest annual income is £6327 suggests thdtoalbeholds could be expected to

be lifted out of fuel poverty with this system.

Table 23 Energy costs with CHP

Current Future cost per annum (E/annum)
cost Current Theoretical | Theoretical | Theoretical
(E/annum)| average consumption| consumption| consumption
consumption| of a small of a medium | of a large flat
flat flat
Heating 1500 297 158 212 226
Power 500 500 196 275 296
Standing 109.5 110 110 110 110
charge for
electricity
Total 2109.5 906 463 596 631

8.4 Biomassboiler

A biomass boiler is not suitable for all sites taeqguires a large amount of space for
the boiler and wood storage as well as accessfge Itruck to deliver the fuel. This

is not an issue in West Whitlawburn as there iargd amount of space available on
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the site, as shown by Figure 16. There is alsalgoad links so access for trucks
would not be a problem.

A =) ..
A
- zg-:_._ %

~Cambuslang, Glasgow, 7

Figure 16 Location of the biomass boiler and wotmies

8.4.1Design

It is generally recommended that a biomass bodeddasigned to meet 70% of the
annual heat demand of the site (Ward & Holley 200B) this case, with an annual
heating load of the site of 6280 MWh/year a 560kdildy would be required to meet
70% of the demand. The consultants report recordegknnstalling two 280kW

boilers to allow the boilers to match the variableat demand profile better than

would be possible with just one 560kW boiler.

As discussed in the previous chapter, the Renewddde Incentive will not be taken
into account in the calculations as there are dillbts that it will go ahead. Even so,

it is worth ensuring that the boiler qualifies tbe best tariff pssible in the even that it
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does come in. As a 560kW boiler would be just idetgshe limit to qualify for the
medium tariff of 6.5p/kWh tariff it is worth desigmg the boiler to be under 500kW as
this would make a very significant impact on theaficial viability of the system. For
this reason it is recommended that two 240kW Héwakester UFS wood chip boiler
(Hoval Ltd 2009) are installed.

One boiler would be used year round to provide seldaad with the second boiler
used at times of higher demand. As with the CHiesy, a 60000 litre accumulator
tank is recommended to help to match supply andademmore accurately. The
biomass boilers would be backed up by a 1572kWbgé#sr to meet peak demand as

well as provide back up for when the biomass bgilerdergo maintenance.

8.4.2 Modelling the boiler

Boiler 1 is designed to run at full load throughthw year, meeting the base load heat
requirement of the site. Boiler 2 also runs ak lietd for most of the year whilst in
the summer it is switched off for period when itnst required. The system was
modelled using Merit to match the supply from tteldys to the heat demand from
the dwellings and landlord services. It was fotimak boiler 2 would be required to
run for 6625 hours per year. Table 24 shows thebaw of hours which each boiler
will be required to run for. Boiler 1 is scheduleat to run for 10 days per year which
will allow for maintenance to be carried out on tiwler. This should be scheduled
for the summer months when demand for heat wilbleso as to limit the amount of

time that the the gas boilers would be required.

Table 24 Running times of biomass boilers

Boiler | Running time (hrs)| Energy delivered (GWHh)

1 8520 2.04

2 6625 1.59

The system would be backed up by gas boilers wivchld be expected to supply
around 3.49GWh of heat per year

82



8.4.3 Fuel

The recommended fuel in this case is woodchipsnasod the main requirements of
the system is to reduce energy costs for tenams. discussed in Chapter 7.3,
woodchips are more cost effective than pelletsarrdmore practical for a large scale

system than logs.

The calculations are based on the use of woodetiths30% moisture content, which

have a calorific value of 11.66GJ/t (Forestry Cossitun Scotland 2010). Based on
running the two boilers for the times outlined iable 24 a total input of 1247 tonnes
of woodchips would be required per year. TablesR&ws the quantities of each type

of fuel required and the cost of the fuel.

Woodchips generally have a density of 200-250Rg@0OFORD WoodEnergy 2010),
which based on the lower estimate would requirer@pmately 33 tonnes of
woodchips per week. To store a week’s supply abdehips would require a storage
space of 166rh This could easily fit on the site and a storagi of this size would
allow delivery from large 20 tonne trucks and wortadjuire less than two deliveries
per week. The site has sufficient access for swfkthis size, with an existing road

leading directly to the proposed location of théddyo

Table 25 Fuel use with biomass district heating

Fuel Total fuel Cost

used (GWh)
Woodchips | 4.04 £99,754
Natural Gas | 3.78 £73,376
Total 7,820 £173,130

8.4.4CO, emissions

The CQ emissions from the biomass boiler are calculatdgua carbon emissions
factor or 0.0158kg C&kWh (AEA 2010). These are added to the emisdimma the
gas back up boilers to give an average emissiantsrf@.138kg C@/kWh of heat.
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Table 26 CQemissions from the biomass boiler

Energy used (GWh) Carbon footprint (tonnes)
Woodchips 4.04 36.3
Natural gas 3.78 771.8
Emissions from electricity| 0.0628 34.2
for pumping
Total for biomass boiler 7,820 842

Table 26 shows that very large savings in,G@e possible with a biomass boiler

backed up by natural gas, with an estimated 78% gaxpected.

8.4.5Costs

As WWHC hope to secure grant funding for a biomdissrict heating system the
economics of the biomass district heating systewe Haeen evaluated from two
perspectives, one taking into account the capiatscof the system and including
loan repayments in the annual costs and the o#fsemaing that grant funding can be

secured for the project so loan repayments areegoiired.

Running costs of the system were evaluated basebteoanticipated cost of fuel, as
well as the running cost and maintenance of théesys These costs were used to
calculate the cost per unit of heat that would neeble charged to cover the running

costs of the system.

The cost of wood chips is assumed to be £80/tohi3@% moisture content. At the
guantity required, natural gas can be purchased atgnificantly reduced rate,
currently this would be 1.94p/kWh of natural gag@artment of Energy and Climate
Change 2010).

As Table 25 shows, based on a cost of £80 per tohm@odchips (The Sustainable
Development Commission Scotland 2005), the totat obwoodchips per year would
be around £100,000. It is estimated that 3.78GA4r/wf natural gas will be required
to top up the biomass boiler which, based on amstréhl unit price of 1.94p/kWh
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(Department of Energy and Climate Change 2010) evoakt approximately £73,000

per year.

A cost of £40,000 was included for operation andnteaance of the system. This
takes into account the cost of staff to run theesys and to handle the billing of

tenants as well as maintenance of the system.

The annual loan repayment is calculated in the samne as for the CHP system,
using Equation 13. The capital cost of the systera estimated by the consultants to
be similar to the CHP system at around £1millidine costs are very similar because
the main cost is associated with the district mggthetwork rather than the heat
generation system. As with the CHP system, a vald&.5million has actually been
used in these calculations as it was felt importambclude a large amount of leeway
as this type of project can often end up costingsimterably more than originally
estimated. As with the CHP system, the calculatiare based on a 15 year payback

period and an interest rate of 7%. This givesraiual loan repayment of £164,692.

The cost per unit of heat with capital costs ideld is 5.52 p/kWh and just
3.16p/kWh without capital costs included. Cleatthe it would be preferable to
receive grant funding for the capital cost but ewathout it the unit cost is still far
lower than the cost per unit of electricity. Ewvesthout taking into account the
capital costs, the cost per unit of heat is stghler than the cost of heat with the gas

CHP system.

The cost per unit of heat is considerably highantthe cost with gas CHP, whether a

grant can be secured or not.

8.4.6Fuel poverty
Table 27 shows the energy costs per flat with besndistrict heating, including

capital costs. The table shows the costs basdteononsultants estimated average
energy consumption as well as for the modelled ggneonsumption to maintain a
satisfactory heating level for the three differsizied flats. The costs are significantly
lower than with the current electric heating system it is likely that a number of

households would still be left in fuel poverty. r@paring the costs with the potential
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incomes of households in shown Table 5 shows thsihgle unemployed person
would be in fuel poverty in all but the small flatd even then it would borderline and

an unemployed couple living in a medium or large Would also be in fuel poverty.

Table 27 Energy costs with biomass boiler with dmiosts included

Current Future cost per annum (£/annum)
cost Current Theoretical | Theoretical | Theoretical
(E/annum)| average consumption| consumption| consumption
consumption| of a small of a medium | of a large flat
flat flat
Heating 1500 596 317 425 453
Power 500 500 196 275 296
Standing 109.5 109.5 109.5 109.5 109.5
charge for
electricity
Total 2109.5 1205 628 859 859

Table 28 shows the same as Table 27 but exclugésiceosts from the calculations.
The costs are obviously much lower than in Tabl@2d it can be seen that the total
energy costs could be expected to be more tharedhahth the installation of the new

system and it could be expected that most housshetilild be lifted out of fuel

poverty.

Table 28 Energy costs with biomass boiler excludimgjtal costs

Current Future cost per annum (£/annum)
cost Current Theoretical | Theoretical | Theoretical
(Elannum)| average consumption| consumption| consumption
consumption| of a small of a medium | of a large flat
flat flat
Heating 1500 341 181 243.4 259
Power 500 500 196 275 296
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Standing 109.5 109.5 109.5 109.5 109.5
charge for

electricity

Total 2109.5 951 486.3 628 665

Referring to Table 5 which shows typical incomepebple in WWHC it can be seen
that if grant funding could be secured the biontasker would be expected to lift the
majority of people in the neighbourhood out of fpelerty as the lowest income, for
a single person on Job Seekers Allowance, is £682annum whilst the highest fuel
poverty threshold for a three bedroom flat is £66Bhe majority of flats are two

bedroom and it is unlikely that a single person Mdoe living in one of the three

bedroom flats on their own. Although most of tlesidents might be technically out
of fuel poverty there are likely to be people wiidl spend significantly more than

10% of their income on energy in the home. Theraye energy consumption
estimated by the consultants report would cost £9&1 annum with the biomass
system installed and this would represent 15% efhitbhusehold income for a single

person on job seekers allowance.

8.4. 7/Renewable heat incentive

As discussed in Chapter 8.4.1, it is recommendatittie size of the boiler is below
500kW to keep it within the medium tariff of 6.5p¥k. If the two 240kW boilers
were run at full load for a year this would equat@n additional income of £273,312.
Despite some doubts about whether the renewable iheantive will finally be
introduced or not the calculations show that it lddoe worthwhile ensuring that the
system qualifies for the medium tariff as the idéasign size is likely to be around

the borderline between the two tariffs.

If this extra income was secured the system woasilyecompete with CHP on costs.

8.5 Summary

Although both the biomass and CHP systems represbitf cost saving over electric

heating, as it stands biomass can’t compete witR @Herms of the unit cost of heat.
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9.1

Both systems offer a significant G®aving compared to the current electric heating,

though biomass offers a slightly larger saving.

9 Developing thetool

This section builds on the details in the previohapters, discussing the process and

methodology for developing the carbon footprint inodetail.

As discussed in Chapter 6, it was decided thattdoé would be developed with
Excel, with a separate worksheet for each sectfothe tool. The worksheets are
protected to prevent users from modifying equationgdata tables with only the
specified data input cells left editable. The c@thich the user is required to edit are
left white with a bold black border, with the restthe sheet coloured so that it is

clear to the user which cells they should editisHan be clearly seen in Figure 17.

There are seven worksheets which are visible tagiee and the remaining six sheets

containing data are hidden. The design of thesetshs discussed below.

| ntroduction wor ksheet

In this section of the tool the user is asked tewar a number of questions about
themselves, their home and their opinions. Themstipns are designed to provide
more information about the respondent and in paeicto allow analysis of the
results by different categories, such as age granpsmes etc. They are asked about
the number of adults and children who live in tHeuse as well as their ages, their
income and the number of days per week which somé®rmome during the day

time.

There is also a question about the number of badsan their flat and this is used to
determine the size of their flat and thereforeftie# consumption required to meet the

fuel poverty requirements. The worksheet is showRigure 17.

There are also a number of questions that are ms$itp provide more information
about the views of tenants on energy and fuel pgpvissues. The information

provided by these questions is especially usefulife Housing Co-operative and can
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be used when looking for funding for upgrades whbkating system. These questions

are:

e How happy are you with your current heating system?

» Do you feel that you can afford to heat your homa tomfortable temperature in
winter?

* What do you understand by the term fuel poverty?

* Do you think that fuel poverty is a problem for péoin your neighbourhood?

The carbon footprint will be calculated for an widual but to make it easier the user,
they can choose to answer questions in the consamgection based on the
spending for their whole household. The user s asked to select if they are
answering on behalf of their whole household ot fas themselves using a tick box
which is set up to register a ‘1’ in a specificlaalthe ‘Data — other’ sheet. If the
individual box is checked and register 2 if the $whold box is checked. The total
carbon footprint calculated for consumption will teided by the number of people

in the household if a ‘2’ is found in the relevalatta cell.

23 Somew here St
Brywhere

Al 26
[ 2]
[0

125001

Nat enauah maney ta heat hame prapery

Figure 17 Carbon calculator - About you

9.2 Homewor ksheet

The tenant should provide details of their energgstumption. In WWHC this will

only be electricity, however the calculator wilkalinclude the option to enter details
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of gas consumption to ensure that the tool is femable to other communities.
Where they do not have details of their energy eomgtion in kWh they will be

asked enter how much they spend on electricitythdf tenant does not supply any
energy consumption data, it will be estimated byngighe energy consumption

modelled with Edem for their particular size oftfla

Figure 18 shows a screen shot of the Home shadeadbol. The top section of the
screen is where the user is required to enter ¢italsl of their energy use. The first
guestions are about the energy supplier and thteandi standing charge costs. The
user will be asked to bring copies of energy billsere possible so these details can
be easily located on the bill however when thim@ possible the unit cost and

standing charge will be looked up for their supplie

£0.1660

[ e

T703

2202
£0.0043]

Figure 18 Carbon calculator — Your home

The user is then given the option to either erber number of units used or the
amount spent on fuel. A drop down box can be usexlect the period of time that
this consumption covers, for example ‘per montAh excel lookup table is stored in
the ‘Data — other’ worksheet which matches up dpgetitime period with a

multiplication factor which will convert the datatdo an annual consumption. For

example if the user entered that they use 100G wfitelectricity per month, this
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would be multiplied by a conversion factor of 12 donvert this into an annual
consumption of 12000 units. If the user choosesntier the amount spent there is a
further calculation required to calculate the numbieunits which that corresponds
to. Figure 19 shows the excel formula used toutale the carbon footprint from
electricity consumption, which also uses the ‘Il étion to display an error message
if the user attempts to enter values in both thefbothe number of units consumed
as well as the box for the amount spent on fuéle fbrmula also divides the footprint
by the number of people in the household to caleutlae individual's share of the

carbon footprint from energy use.

=IF(OR(C10>0,J10>0),IF(AND(ISNUMBER(C10),ISNUMBER()),"ERRO
R",IF(C10>0,((LOOKUP(D10,electricity_units)*C10*LOKIUP(E10,Duratio
n,duration_multiplier))/1000)/(Introduction!C15+Imduction!C17),((LOOK
UP(D10,electricity_units)*(J10-
(G8*LOOKUP(K10,Duration,duration_multiplier)))/E8*QOKUP(K10,Dura
tion,duration_multiplier))/1000)/(Introduction!C13ntroduction!C17))),0)

Figure 19 Excel formula for carbon emissions frdecticity consumption

There is an identical section for gas consumptimhthe combined footprint from gas
and electricity is displayed at the bottom of theeen.

The second section of the worksheet displays thecuenergy consumption and the
theoretical energy consumption from the modellirgreise described in Chapter 8.1.
The theoretical energy consumption will be usedc&dculate the fuel poverty
threshold of the property. The results of this ellilg are stored in a lookup table in
the ‘Data — other’ worksheet and the lookup funttie used to automatically enter
the relevant data in these sections according éaatitswer given for the number of
bedrooms in the household. Figure 20 shows thautar used to lookup the heating
requirement for each of the three flat sizes. Wéagmaper questionnaire is used there
is the chance that the respondent will not haveredtthe number of bedrooms, in
which case a default value of 2 will be used as niggority of flats have two
bedrooms.
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9.3

=LOOKUP(Introduction!K17,flat_size,heat_required)
Figure 20 Excel formula — heat consumption of flats

This calculation is only appropriate for the partér flats in WWHC and would not
be applicable to other flats with different sizesnstruction or heating systems. To
use this section of the tool accurately for otHatsfit would be necessary to model

them using Edem.

The current consumption of the household is caledldrom the answers given.
Where the household has both gas and electricaéygtis is taken to be used for
heating and hot water and the electricity for lightand appliances. Where only
electricity is used, as is the case for West Wiitharn, it is not possible to tell what
proportion of the electricity is used for heatingdehot water and what proportion is
used for appliances and lighting. In these cabescalculated value from the
modelling is used as the consumption for lightimgl @ppliances and it is assumed

that the remainder of the electricity consumeaidieating and hot water.

The final sections of the worksheet apply the carators calculated in the ‘Heating
systems’ sheet for both biomass district heatirdygas CHP district heating to which
ever is highest out of the current and the thexmktieat consumption values. The
highest of the two values is used as it is likdlgttwith reduced energy costs the
house would be maintained at least at the sameetetype or higher. In cases where
the household limits its energy use for financiahsons and uses less that the
calculated value it is assumed that they wouldeiase their energy consumption if
the energy costs were reduced. As it is impossiblknow how much they might
increase their energy consumption by, so the b&tghate is to use the calculated

value.

Travel worksheet

In this sheet data is required for all travel thlyloout the year. Following the review
of existing carbon calculators it was decide thedra should be given the possibility
to enter their travel details in a number of diéfier ways, to ensure that it is as simple

as possible.
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Private vehicles
Owners of private vehicles, whether it be a cartarmoke or van can choose to enter
either the total number of litres of fuel used,tloe amount spent on fuel per week,

month or year or provide details about the typevetiicle and the number of miles

driven.

Figure 21 Carbon calculator — Your travel

Figure 21 shows the private transport section efftransport worksheet. The user is
asked if the own or sometimes use a car, van oonige. If the ‘no’ tick box is
selected it runs a macro which hides the sectioth@fsheet about private transport

and if yes is selected another macro is run whidtides the section.

If the amount of fuel used or the amount spentuah i known this should be entered
in the first section. There are three drop dowxreisowhich the can be used to specify
the fuel type, the units, either in £ or litresdahe time period which the answer
applies to. Each drop down box is linked to a lqokable in the ‘Data — other’ sheet

which contains relevant multiplication factors.

The second option is to select the vehicle type emtdr the number of miles driven
over a certain time period. The vehicles aredgidiinto cars, vans and motorbikes
and then further divided by fuel type and size -alinmedium, large or average.

Drop down boxes are used to select the approprittecle and then the number of
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miles are entered in the appropriate box and thee tperiod selected from the
dropdown box. Figure 22 shows the formula usechtoulate the footprint from the
use of a petrol car. An IF() function is usedsét the answer to zero is a value has
already been entered in the previous section ferghantity of fuel used of the
amount of money spent on fuel so that it is nointed twice.
=IF(OR(J13="",J13=0),LOOKUP(C19,Petrol_car,petrolac_intensities)*D
19*LOOKUP(E19,Duration,duration_multiplier),0)

Figure 22 Excel formula - emissions from driving

Public transport

Public transport is divided into the following madef transport; bus, train, ferry,

coach, Eurostar, subway and taxi. Following theese of other carbon calculators it

was decided that it is unrealistic to simply ask tiser to enter the number of miles
travelled per year by each form of transport. Thisuld either result in the user

making a wild guess, or having to do quite a nunddecalculations outside of the

tool. Instead, the user will be given the pos#ibito enter a number of different

journeys and the frequency that they make themexample if they may make a 2
mile return bus journey five days per week the wakor will automatically calculate

the annual C® emissions associated with this.

The user will be asked to enter the number of mitaselled by each form of
transport, however most people are unlikely to kmlistances; they may take the bus
from West Whitlawburn to Glasgow city centre but know how far it is. For this
reason on the printed paper questionnaire thegiaem the option to write a journey
such as West Whitlawburn to Glasgow city centre Hrel actual distance will be
calculated for them later. The trip distances dlestimated using the directions tool
on Google Maps (Google - Imagery 2010) which cande to calculate the distance
to drive from one location to another. Althouglstiill not provide exact distances
as bus routes will not always take the most direate, it is likely to provide at least

as good an estimate as asking the user to guedssthace travelled.

Figure 23 shows the public transport section of Th@ansport’ worksheet. Each

section has five lines, which allows up to fiveféiént trips to be entered. This
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allows the flexibility to enter different trips wibut any separate calculations being
carried out, such as a daily 3 mile commute to wmyrkrain can be entered along with
longer train journeys such as a 200mile trip taot\family that is made 3 times per

year. Drop down boxes are included so that thegesuch as ‘per week’, can be

selected as well as if the trip is one way or metur

Fer manth Retun Peryear e way
Fer month Fetun Peruesk Fetumn

Feruear Return Peruesk e way
Feryear Retun Ferueek
Ferwesk One wa, Perussk

Per weel Return Per year
Fer weel e way Ferueek Feturn

Fer nee} One way Ferueek One way

Fer wes) Oneway Peruesk Oneway
For wee) Tnewa Ferueek Tnewa

Peryear Fetun Peruesk One way
Per weel Feturn Peryear Feturn

Fer weel Fetun Ferueek Cne ua
Fer neet One way Ferueek One way
Fer wes) Tneus Perussk Tneus

Per Guarter Feturn
Feryear One way
Ferwesk Feturn

Fer week. Dne way

Fer week, e way

Figure 23 Carbon calculator — Public transport

Air travel

Figure 24 shows the section on air travel. The isesked to enter the distance
flown, and select from drop down boxes whetheraswa single or return flight and if
it was a domestic, short- haul or long-haul flight these each have different
emissions factors. To ensure that the distandeseshare accurate, a link is included

to the websitehttp://www.travelmath.com/flight-distanceyhere they can enter the

departure and arrival airports and the website ed@ltulate the distance flown. The

link is created using an excel button linking tmacro which opens the website.

Feturn_| Ciomestic flight
Fietun | Flight within Europe

Fietun | Flightwithin Europe
Freturn Chexk the distance of your fight
Fieturn

=
=

Fetumn | O

Fetun | Domestic Hig

Figure 24 Carbon calculator - Flights
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Figure 25 shows the formula used to calculate ttmésgons from a flight and

includes a multiplication factor of 1.9 to takedrgccount radiative forcing effects as

well as a conversion factor from miles to kilomstees the input is asked for in miles

whilst the emissions factor is for kilometres.
=C73*1.9*LOOKUP(D73,Flights,flightdist)*LOOKUP(E78ight_cat,Flight
intensities)*'Data - Travel'!$F$182*'Data - othe$B$35

Figure 25 Excel formula — emissions from flying

9.4 Data on consumption

Users are asked to enter data about their consomiptitwo sections, items which are
likely to be bought regularly and other items whioly be bought once per year or
not at all. If the user has chosen to answer amdinidual then the total carbon
footprint associated with the consumption will Ippléed to their total but if they have
chosen to answer for their household it will beidi?d by the number of people in the
household. Figure 26 shows the worksheet on copsom

Regular purchases

This section contains items bought regularly areduber is asked to enter the amount

spent on the following items and select the timeogkethat this applies to from a drop

down box.

* Food and drink
* Clothes

* Shoes

* Newspapers, books
* Hotels, restaurants and pubs
* Toiletries/makeup

» Cigarettes and tobacco products

One off purchases

This section contains items which are likely todmeight less regularly, if at all, in a
given year and the user is asked to enter how rtheshspent on each item in the last
year.

» Electronic gadgets such as TVs, MP3 players ohkitcappliances

« Computer equipment
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* Furniture

* Power tools

« Painting and decorating
* A new car

« Jewellery

Activities
The last question in this section is about how miscspent on hobbies and activities
such as going to the cinema or attending sportateveAgain, there is the option to

enter the amount spent per week, per month, petequa per year.

-

[___dlreryear ]
[___solPorweek ]
[ o[perweek ]

[ oo |

Figure 26 Carbon calculator — Your shopping

9.5 Total

Figure 27 shows the worksheet which displays trseilte There are four results
sections on this page and there are no user impudsb The first section shows the
current carbon footprint of the individual, dividedo the three sections and also the
total footprint. It also displays the average foott of the other people in the
neighbourhood who have already taken the surveyneMbnly a few surveys have
been carried out the community average could olslydoe distorted by an individual
with a very high or very low footprint so it is imagant that this is only looked at

when a significant proportion of the neighbourhdade been surveyed.
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g Print Report
Resetaldata

Figure 27 Carbon Calculator - Results

The next section on the worksheet displays theeatirfuel poverty status of the
household. It displays what the current spendingfuel would be to maintain a
satisfactory heating regime and the household ircomguired to be above the fuel

poverty threshold.

The next two sections show the effects that th@gsed new heating systems would
have on both the fuel poverty status of the househad carbon footprint of the
individual. For each system the projected new @ardootprint from energy used in
the home and the new total carbon footprint ofitftevidual are detailed. The costs
to maintain a satisfactory heating regime are détailed along with income required

to be above the fuel poverty threshold.

At the bottom of the page are four buttons whiah @ach linked to different macros.
The first one is called ‘Save data’ and when atéidauses a macro to record the data
entered for the individual to the ‘Average’ fordatuse. There is also a button titled
‘Reset all data’ which uses another macro to raelata input cells to either blank or

the default value.

The third button is for creating a PDF report shayvén individual’s carbon footprint
and comparing it to the average in the communite reports are created from the
records stored in the Average worksheet and thleeeedropdown box which can be

used to select the record number required. Taeronis designed to print a PDF file
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using the PDF Writer (BioPDF 2007) tool and thisstioe installed before a PDF can
be created. The fourth button on the page opdimk & the download page for this
tool so that users who do not already have it ilestacan do so easily.

9.6 Heating systems

The ‘Heating systems’ worksheet is divided inteethsections; one on combined heat
and power, one on biomass heating and another vdoictains data relevant to both
systems. The worksheet requires a number of irfports the user then automatically
carries out the calculations outlined in Chaptedgsahd 8.3 and the output from the
sheet is the cost per unit of heat in pence/kWhaamndmissions factor per unit of heat
in kgCOe/kWh for both the CHP and biomass systems.

Figure 28 shows the CHP section of the workshekigwrequires 12 inputs from the
user. The electrical and thermal power and efficyeshould be supplied by the
manufacturer of the CHP system to be installediarttle case of WWHC are based
on the data for the Jenbacher J208 GS CHP unitkK€I&nergy Ltd 2007). The
number of maintenance days and the efficiency ef iackup gas boiler are also
required.

The next two inputs required are the quantity afctlcity used on site and the
guantity of heat wasted during the summer monk. accurate inputs into these two
boxes it is necessary to model the energy suppllydemand and analyse how they
match. In this case the modelling was done ushegNlerit tool as described in

Chapter 8.3.2. The values from this modelling eiser are left as default values and
could be scaled up or down as appropriate and wked analysing other sites when

it is not possible to model the system in more itleta

There is also a cell where the total running andhteaance costs of the system are
entered.

The final three inputs are for calculating the aalmepayments on the capital loan
and are the total capital cost, the interest rat¢he loan and the repayment period.
The default value of the interest rate is 7% armdrépayment period is 15 years but
these can easily be changed by the user.
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Figure 28 Carbon Calculator - CHP

Figure 29 shows the section on the biomass boabaich requires 13 user defined
inputs. The inputs for the efficiency of the baglgas boilers, the calorific value of
the woodchips and the cost of woodchips are altsetefault values which can be

changed by the user if required.

The thermal power and efficiency of the two biombegers should be supplied by
the manufacturer, which in this case study is Hdidval Ltd 2009) and the power
and efficiency of both boilers are 240kW and 90%pextively. The next inputs are
the hours of operation of each plant and this meguihe system to be modelled using
a tool such as Merit as discussed in Chapter 8 hours of operation of boiler 1 is
set to a default value of 8520 hours which alloars1f0 days of maintenance per year
while the hours of operation of boiler 2 is detered by the demand profile of the site

and in the case of WWHC it is estimated to be 66@%rs per year.
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As with the CHP section, there are also inputstirejeto the capital cost and loan as

well as the running costs of the system.

Figure 29 Carbon calculator — biomass boiler

The final section of this worksheet shown in FigB€econtains data which is used by
both the CHP and biomass sections of the sheee uBkr is required to input six
pieces of data; with the first three related torgweprices: the export tariff for
electricity exported to the National Grid, the co$tatural gas bought at industrial
guantities and the average price of electricitydhadrom the National Grid. There is
also an input for the number of dwellings connedtedhe system. The final two
inputs are the peak heat consumption of the siteth@ electricity consumption for
heating purposes which is used to calculate theahbeat demand of the site. There
are also two further inputs into the system whioh @alculated in other sections of

the tool and these are the distribution and stotagges and electricity required for

pumping.

A button is included in this section which scales tlata for the heating systems up or
down if the user enters an alternative number oéltiimgs. This is not meant to
provide a detailed or accurate representationfédrént sized systems but just to give

a rough estimate in cases where a more detaildgseses not possible.
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Figure 30 Carbon calculator — heating systems data

9.7 Pipes

Figure 31 shows the distribution and storage lossetion of the ‘Pipes’ worksheet.
The calculations are based on the workings in Grag®? and require a number of
inputs with details about the specific district tieg system. In this case data is used
for the WWHC distribution network but this is egsitustomisable for other
networks. The sheet includes three different pgeions and has an input box where
the user can enter the length of pipework requioe@ach section. The tool will then
automatically double the value input to include tieéurn pipe. The other inputs
required in this section are the water flow tempem and the water return
temperature as well as the average ambient tenupertdr each section. The total
heat transfer coefficient of each section of theeps taken automatically from the
pipe characteristics section of the sheet whidlissussed below. The output of this
section is the total heat loss from the heat digtion networlk which, as discussed in
Chapter 8.2.7 is also increased by a factor of 1&%ake into account extra losses

through joints and the fact that the data use@se on ideal conditions.
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The storage losses section has inputs for theosittee accumulator tank required and

the total heat loss factor for the tank and outputstal annual heat loss from the tank.

Figure 31 Carbon Calculator — Distribution losses

Figure 32 shows the pipe characteristics sectiothef‘Pipes’ worksheet which is
used to calculate the size of pipe required anchda loss coefficients of the pipes.
The section is divided into three parts for eackhefthree possible pipe sections. In
this case the sections are underground pipe, tbieeks and low rise. If a specific
distribution network does not require three différgections then it is also possible to

leave sections blank.
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The first inputs required are related to the wéltering in the pipe and are used to
calculate the pipe diameter required. The watércity, specific heat capacity and
density of water are all left with default valuest lsan be changed if required. This
data is used along with the peak heat load tal@n the heating systems worksheet
to calculate a required pipe diameter and therusfez is required to manually select
the closest match from the data table includedhénvtorksheet. The dimensions of
the pipe should then be read off from the table anigred in the relevant box for
nominal width, pipe wall thickness and externalnaer which correspond to the
dimensions d, s and D respectively which are sedpby the pipe manufacturer.
These dimensions are automatically converted todqaired input dimensions by the
tool. The other inputs required are thermal cotidilg of the pipe and the thermal
conductivity of the insulation and whilst these se¢ to the default values supplied by
the pipe manufacturer (RAUTHERMEX 2005) they canchanged by the user as
required. The first pipe section is for modellmgderground pipes and also requires
the thermal conductivity of the soil and depth &iick the pipe is buried, and again
default values are entered which can be changethdyser if required. For the
indoor pipes the convection heat transfer coefficis also required and a default

value his included, as discussed in Chapter 8.2.3.

Figure 32 Carbon calculator — pipe characteristics

The output from this section is the total heat gfan coefficient of each section of

pipework, which is linked in to the heat loss setf the worksheet.
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9.8 Hidden worksheets

There are six hidden worksheets are; Data — fuaia B travel, Data — consumption,

Data —other, PDF report and Average.
The Data sheets include the relevant data fronutkeovernment emissions factors
(AEA 2009) with the exception of Data — other whishused to store lookup tables,

inputs into dropdown boxes and outputs from tickds

The Average worksheet is used for storing a readreeach individual’'s survey

responses which can be used to analyse the data eweole community.

The PDF report sheet can be used to create a rigportany record stored in the

Average worksheet and an example can be seen in
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Appendix 1 Example PDF report. The report is @éatsing the buttons in the Total

worksheet with is explained in Chapter 9.5.

10 Use of tool in WWHC

The tool was tested in West Whitlawburn and thigptar discusses how it was
carried out, issues which arouse, lessons learhenprocess and the results and

analysis of the surveys.

10.1 How questionnaire wor ked

It was felt that a very limited number of responsesild be received from sending
the survey to each house and asking tenants tio ifilland return it so other possible
methods were considered. It was felt that a mooeessful method would be to go
through the questionnaire in person with people édv@wr it would be an extremely

labour intensive task to knock on doors asking\viddial tenants if they would be

willing to do the survey. For this reason it waided that a focus group would be
the most effective method of conducting the surveyéie focus group was tacked
onto an existing residents meeting a number of leeepuld already be attending and

this did work, with all tenants attending the meetiilling in the questionnaire.

The questionnaire had been sent to tenants in advahthe meeting so that they
knew what information to bring with them and thegres asked to bring along and
electricity bills that they had. If fact when ttenants arrived at the meeting they had
all already filled in the questionnaires and weerk to move on to their regular
meeting. This did not allow time to check that gliestionnaires had been filled in
correctly and as a result there were a number dfiguous answers. One example
was that a respondent had not indicated clearlythdy were answering the

consumption questions with a weekly, monthly, gerdytor yearly answer. In this

case the numbers had been written directly aboee week’ and the values were
consistent with likely weekly values so it was assd that these were the amounts
spent per week. In the future it would be impartaneither ensure that the surveys
are filled in with supervision or are carefully cked when they are submitted to

ensure that they are completed fully.
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An number of further surveys were carried out biiras individuals who visited the
Housing Co-operate offices to complete the questor. These tenants would not
have had previous warning about the survey so wootdhave been able to check
their energy bills and this was reflected in thet flnat a number did not enter their
energy consumption. Where this was the case tleggnconsumption for the
appropriate size of flat which was modelled witheBdwas used. This provides a
good estimate and as it turned out the consumpgredicted by Edem was quite
similar to the actual consumption values suppligdther tenants, but it is obviously
to have real data supplied by the tenant.

The experiences of carrying out surveys in these different methods suggest that
the best method in the future would be to hold mlver of focus group sessions either
in link with existing residents groups or whereasts are invited to attend and offere
the incentive of a prize draw for people who taketp Tenants could be asked to
bring energy bills with them where possible andgherseys carried out in person with

them to ensure that the questions are fully undedsand the surveys fully answered.

It is certainly possible that the responses tostiveey are either not representative of
the overall population, or that an individual’s geeses do not accurately represent
their real situation. One respondent stated thay tdlo not spend any money on
toiletries or makeup. It is possible that thidrige, or that they spend very little on
these items but it seems unlikely for example thaty never buy any soap. This
would suggest that some questions need to be reghrid ensure that they are
sufficiently clear for everyone. It is likely th#te results obtained would be more
complete if the surveys were carried out in pe@®this would allow the surveyor to
clarify the meaning of questions or confirm witle trespondent that the response is

correct if for example, they say that they nevamnspany money on clothes or shoes.

10.2 Discussion of results

10 carbon footprint surveys were returned in tethich represents a sample size of
just 2% of the population of 544 flats. Althoudptistsmall sample size does not allow
for detailed statistical analysis of the resultdites provide an indication of the

energy consumption and carbon footprint of the .arkdarger sample size of around
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10% or 54 households would be required to give veetomargin of error on the

results.

Due to the low number of responses the results wetdroken down and analysed
by the different socioeconomic groups as had bdennpd. More surveys would

need to be carried out to make an analysis otypis meaningful.

The results of the survey show that the averageggr@nsumption is considerably
different to that estimated in the consultant’so¢fRSP Consulting Engineers 2009)
which estimated an average of 12000kWh of eletyrifor heat and 4000kWh for
power per year, giving a total electricity consuimptof 16000kWh. This contrasts
with an average consumption of just 9639kWh froe shrveys carried out. It is not
possible from the electricity bills to know how niuof this was for heating and hot
water and how much was for appliances and lightsw,for the purposes of the
calculations it has been assumed that the powesucoption is equal to the
theoretical power consumption from the modellingreise in Chapter 8.1 with the
remainder of the household’s electricity consumptssumed to be for heating and
hot water. This method gives an average elegtriminsumption of 7312kWh for
heat and 2327kWh for power. These results are sgmjar to the results of the
modelling which estimated 7703kWh for heating amd Water and 2327kWh for

lighting and appliances.

These results will be affected by those respondehtsdid not fill in the survey fully

and who's energy consumption had to be estimatedyuke theoretical values, but
the results of the other respondents also sugdest the consultants have
overestimated the energy demand for the site. \lith a small sample size it is
possible that the results are not representatitheofull population but as the highest
electricity consumption from any respondent was7Bk®Vh which is someway short
of the estimated average and it suggests thatefurihvestigation of the energy
demand would be required before a final designhef district heating system was

developed.
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10.3 Analysis of results

The average carbon footprint of an individual wag tnnes C@ per annum.
Figure 33 shows how this is broken down into 2.&8nes from home energy use,
0.89 tonnes from travel and 3.21 tonnes from comsiom. Whilst it is difficult to
compare this to an average produced by a diffammitdue to the reasons discussed
in Chapter 4, this average seems particularly Mith most average UK footprints
around 10 tonnes. It is interesting to comparerdsults to an average footprint
published for Scotland by the (West Wales Eco @p@10) which states an average
footprint of 10 tonnes per person, with 4.3 tonadésibuted to consumption, 2.9
tonnes to domestic energy and 2.1 tonnes to traMeé results for West Whitlawburn
are quite similar for domestic energy, which isurpsising given the electric heating
in the site, but significantly lower for both comsption and travel.

Average carbon footprint by sector (tonnes CO,e/annum)

0.89

‘ @ Energy use m Travel O Consumption

Figure 33 Average carbon footprint

To verify that the results of the calculator arewaate the responses from one of the
survey were entered into the carbonfootprint.cotouator and the results compared.
As discussed in Chapter 5.4 the carbonfootprint.seation on consumption is quite
different in format so it is likely that the ressifior this section may differ. Table 29
shows the results of the comparison between theidwais, with the results for home
and travel almost identical and the results forscomption fairly close. This suggests
that the calculator is functioning correctly andttthe average footprint from travel

and consumption amongst this sample is signifigdatver than the national average.
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Table 29 Verification of results

This carbon calculator carbonfootprint.com
Home 2.51 2.50
Travel 0.06 0.06
Consumption 3.15 3.87
Total 5.72 6.43

There is the possibility that the surveys were fatly or accurately completed and
that the level of travel and consumption has beederestimated however it is
unsurprising that the results for West Whitlawbwould be lower than the national
average in these sections due to the high levgt®wérty and deprivation in the area
which would limit the inhabitants ability to travaeind spend money on goods or

services.

10.4 Impact of new heating systems on carbon footprint

Figure 34 shows the average carbon footprint fro@rgy use in the home with the

current heating system as well as with biomassasr@HP district heating installed.

Average carbon footprint from energy use in the home
3.00
2.50
[
S 2.00
O
9 1.50
c
S 1.00
|_
0.50
0.00
Current Biomass CHP

Figure 34 Average carbon footprint from energy ursthe home

With biomass district heating installed the avereggbon footprint from energy use is
more than halved to 1.18 tonnes per year while@teeage carbon footprint with CHP
district heating is also significantly reduced fr@®9 to 1.54 tonnes. It should be
noted that this is the carbon footprint for power &ppliances and lighting as well as
for heating and that the carbon footprint for powensumption will obviously not be

affected by the installation of a new heating systeThe reduced carbon footprint of
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the electricity from the CHP system is attributedthe landlord rather than the

tenants.

Both proposed systems could have a significant anpa the carbon footprint from
energy use in the home, with the biomass boileb#st option in terms of reducing

emissions.

It is possible that an improved heating system witinificantly lower bills would
lead to tenants maintaining their home at a higkerperature, in which case the
estimates of C@emissions reductions would be overestimates. Ehane of the
reasons that the Housing Co-operative set oneeobHjectives of the system to be
that households are individually billed for the amb of heat that they consume.
Without this condition it is likely that a large aomt of heat would be wasted and
whilst it is likely reduced bills will lead to hoebolds being maintained at a higher
temperature it is less likely that heat will be waswhen households are charged for
the amount they use. It is of course the aim efréfurbishments that tenants can
afford to heat their homes to a sufficient tempaeatso it is desirable that those
tenants who previously couldn’t afford to heat tHedbmes sufficiently would now
consume more heat.

10.5 Impact on fud poverty

Figure 35 shows the fuel cost to maintain a satiefg heating regime for the current
heating system and for biomass and gas CHP diseating. Costs for both systems
take into account the capital costs of the systdBoth district heating systems are
shown to make a significant impact on spendingrergy. With the current heating
system 8 out of 10 households surveyed were liirfgel poverty with only 3 out of

10 living in fuel poverty with both of the new hist systems. Those households still
living in fuel poverty all stated that they havetaal household income of below
£4999 per year. Table 5 shows that even a singgenployed person would have an
income above this level when housing benefit itakto account and it is possible
that the respondents who have stated that they &i@wecome below this level have
not included housing benefit in their estimateis liikely that if housing benefit were

included in the calculations then all houses waeichnically be lifted out of fuel
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poverty. In future when the survey is carried ibwhould be specified more clearly

that income should take into account housing benefi
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Current Biomass CHP

Figure 35 Average spending on energy to meet foxty requirements

Although both systems would leave three out ofdethe households surveyed still
living in poverty, the actual costs for the biomagstem are considerably higher than
for the CHP system. As reductions in energy cfustthe tenants are one of the main
requirements of the system, it is unlikely that bih@mass system could be justified on
economic grounds unless some grant funding coukkbared or the Renewable Heat
Incentive earned. As Table 27 and Table 28, lifgtant funding were secured then
the economics of biomass becomes competitive with gas CHP and with the

Renewable Heat Incentive it could actually work cluéaper.

11 Futurework

11.1 Further work at West Whitlawburn

Although the number of surveys completed from WWikCurrentlylow, the surveys

will continue to be conducted and the results bélupdated. Once the sample size
has reached an acceptable size the results willdgg@ more meaningful assessment
of the carbon footprint of the West Whitlawburn. hgw a larger number of surveys
have been carried out it will be possible to reheate the average energy

consumption of the site to see how it fits with tomsultants estimates. If the energy
consumption is found to be considerably differenthie estimate which the design of
the heating systems were based on then it wouldelbessary to change size of the

heating systems and heat distribution network.s Twould be relatively simple to do
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as it only requires a few inputs into the calculdto be changed and the calculator

will automatically change the carbon emissionsdesct

11.2 Further use of thetool in other areas

The calculator will be made publically availabledacean be used by other housing
associations, landlords, communities or individuall® wish to calculate the carbon
footprint of their community or to asses the impacttinstalling a district heating

system.

11.3 Further developmentsto thetool

A number of lessons were learnt in the processaofying out the surveys and these
will be reflected in future use of the tool. Itliwbe important that a number of

guestions are reworded in the survey to ensure méshonses are accurate and
complete.

The calculator saves the responses of all survetrsei ‘Average’ worksheet but there
is no functionality in the tool to go back into #eerecords to change the data. If the
design of the heating systems were to be updatgekifuture, the only way to change
the CQ emissions or costs associated with new heatingesgsin these records of
surveys which have already been stored would l@ther manually change the data
for all of the records in the ‘Average’ worksheat to re-enter all of the survey
answers for all respondents. In the future it wlooé worthwhile investigating the
possibility of adding a new functionality to theotavhich would allow data to be re-

called from the average sheet and edited.

A further step for the carbon calculator would bencorporate the functions into the
Edem program. Combining the two tools in this wayuld allow for a more flexible
and complete evaluation of developments. This ggscwould involve adding
sections to Edem to calculate the footprint fromvél and consumption and also
updating some of the existing functions of Edermder currently includes limited
options for evaluating the impact of biomass anstrdit heating so it would be
important add more detail, including the calculasidor heat loss from the pipes as

well as more detailed options for configuring thstrict heating systems such as
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various different biomass boilers or CHP systerislem is already set up to model
the theoretical energy consumption but it wouldoab®e important to allow the
possibility to enter actual energy consumptiontsat &1 real carbon footprint can be

calculated rather than basing it on the estimat®a the model.

Integrating the calculator into Edem would als@allproperties with different types
of original heating systems to be analysed whichuld/@llow for broader potential
use of the tool.

12 Conclusions

The objective of developing a carbon footprintingdafuel poverty analysis tool
which can analyse the effect that upgrading thdimgaystems could have on the
carbon footprint and fuel poverty levels was aclgv The tool was tested in West
Whitlawburn Housing Co-Operative and found to wavkll. The results of the
carbon footprint assessment were verified by emjethe same data into another
carbon footprint calculator and comparing the tets ©f results, which were found to

be very similar.

The average carbon footprint of the individualsveyed in WWHC was found to be
considerably lower than the national average fahkbe travel and consumption
sections. This is as would be expected for an smea as West Whitlawburn which
suffers from multiple deprivations and has a sigaifitly lower average income than
the general population. The majority of the indivals surveyed were living in fuel
poverty and for people spending such a large ptmpoof their already small income
on fuel it is not surprising that they have litleft to spend on travelling or

consumption. The footprint from energy was venselto the national average.

Heat loss

The results for the heat loss calculations show tha heat loss from pipes is
significant, representing around 10% of the totahthdemand of the site. It is
essential to take these losses into account wisassiag the feasibility of a potential
district heating system however it was shown indase study of WWHC that these

losses are not prohibitive to the scheme. It wanddmportant to take all reasonable
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measures to ensure that the pipe layout is astdisgpossible as this will save money
both from heat losses and the installation of ystesn.

Costs and recommendations

Both proposed heating systems were found to fillélobjectives of reducing the @O
emissions and fuel poverty levels and both wouldsb#able solutions for West
Whitlawburn

The gas CHP system makes the biggest impact ogyenests, reducing the average
cost to maintain a satisfactory heating regime fE#863 to £539, compared to £755

for biomass.

Conversely, the biomass system produces the bigg6st saving, reducing the
average emissions from energy consumption fronctineent level of 2.59tonnes per

year to 1.18 tonnes. This compares with CHP wisakduced to 1.54 tonnes.
Currently a gas CHP district heating system wowddte most appropriate for West

Whitlawburn as it has the biggest impact on energgts, whilst also making a

significant reduction in carbon dioxide emissions.
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Appendix 2 Printable survey

Carbon footprint survey

Any information that you provide on this form wide held in the strictest confidence.
Your answers will be used to calculate your ‘carlbootprint’ in tonnes of carbon
dioxide. Your carbon footprint will be used alongh other people’s to estimate the
total carbon footprint of your community as part afstudy for the University of
Strathclyde. Your name will not be used in thedgthhowever if you would like to
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hear feedback on what your carbon footprint is tilgase enter your name and

address below so that it can be delivered to you.

If you wish to receive feedback on your carbon foioit, please enter your name and

address below:

Name

Address

You can choose to answer questions in the ‘Youppimy' section based on what
you do or spend as an individual or based on tta fior your household — please tick
below if you are answering as an individual or asehold.
[ ] Individual [ ] Household

PLEASE NOTE: Section 2 — “Your energy’ should bewered based on the total

energy use for your household.

PLEASE RETURN THIS FORM TO:
WEST WHITLAWBURN HOUSING CO-OPERATIVE RECEPTION
You and your household

1. How many Adults live 2. What are their ages?

in your house?

3. How many children 4. What are their ages?

live in your house?

5. How many bedrooms do you have|in

your house?

6. Do you live in[_] High rise tower of_| Low rise building

Please specify the building name and the floor lixaion:

7. What is your total household income?
[ ] £0-£4,999 [ ] £5,000-£7,499 [ ] £7,500-£9,999
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[ ] £10,000-£14,999 [ ] £20,000-£29,999 [ ] £50,000-£74,999
[ ] £15,000-£19,999 [ ] £30,000-£49,999

8. How many days per week is someone in your houkerat during the daytime?

9. How happy are you with your current heating system?

[] Very happy [ ]Satisfied [ lUnhappy

10.Do you feel that you can afford to heat your homa tomfortable temperature in
winter?

[ ] Yes [ ] No

11.What do you understand by the term fuel poverty?

12.Do you think that fuel poverty is a problem for p&oin your neighbourhood?
] Not a problem [ ] A small problem [] A serious problem

Your Energy

13.How do you pay for your electricity?

[ ] Pre-payment card or key[ | Monthly bills [ ] Quarterly bills

[ ] Other, please specify

Please supply as much detail as possible about gtmatricity use as possible,
preferably for a full year or several months.

14.Which company supplies your

electricity?

15.How much does your electricity cgsftanding charge
per unit and for the standing charge?

(This should be written on your bill) _
Per unit (KWh)

16.How many units of electricity does

your household use or how much |dgunits
per week/month/quarter/year (please circle)

you spend on electricity?

124



Your Travel

17.Do you own or sometimes use a car, van or motopbike
[ ] Yes [ ] No

18.1f not please continue to question 21, otherwise:

What type of vehicle do you own?

[ ] Ccar [ ] Small [ ] Petrol
[ ] van [ ] Medium [ ] Diesel
[ ] Motorbike [ ] Large [ ] Hybrid
[ ] Average [ ] LPG or CNG
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How many litres of

Or, how much ddg

Or, how many miles

fuel do you use you spend on fuel | do you drive
19.How much do you use
your vehicle? Please £
Litres per Miles per
answer one of the
week/month/quarter/ per week/month/quarter/ week/month/quarter/

following questions:

year (please circle)

year (please circle)

year (please circle)

20.How much do you spend on maintenance and repgwrvehicle?

£

per week/month/quarter/year (please circle)

Public Transport

21.Please list the number of miles travelled by eathhe following forms of public

transport.

from home to Glasgow City Centre) and how often gake this trip.

Distance travelled or trips made
Bus

Miles per week/month/quarter/year (please circle)
Train

Miles per week/month/quarter/year (please circle)
Ferry

Miles per week/month/quarter/year (please circle)
Coach

Miles per week/month/quarter/year (please circle)
Taxi

Miles per week/month/quarter/year (please circle)
Subway

Miles per week/month/quarter/year (please circle)
Eurostar

Miles per week/month/quarter/year (please circle)
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If you don’t know the distance thenagke list any journeys made (such as



22.Please list any flights that you have taken inlds¢ year (and specify if it was a single or
return flight)

Your shopping

23.How much do you spend on the following items?

Food and drink £

per week/month/quarter/year (please circle)

Clothes £

per week/month/quarter/year (please circle)

Shoes £

per week/month/quarter/year (please circle)

Newspapers and books £

per week/month/quarter/year (please circle)

Hotels, restaurants, pubs £

per week/month/quarter/year (please circle)

Toiletries and makeup £

per week/month/quarter/year (please circle)

Cigarettes and tobacco produgt$

per week/month/quarter/year (please circle)

24.1f you bought any of the following last year, howoh did you spend on them?

Electronic gadgets such as TVs, MP8
players or kitchen appliances

Computers and computer equipment £
Furniture £
Power tools £
Painting and decorating £
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A new car £

Jewellery £

25.How much do you spend on hobbies or activities saglgoing to the cinema, or sports
events?

£ per week/month/quarter/year (please qgircle
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