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ABSTRACT

The present dissertation has aimed to assess iatiomprovided by the Energy Agency
from a survey carried out in households of the camities of Dailly, Barr, Pinwherry
and Pinmore. These communities are benefiting fionknergy Efficiency Fund created

by Scottish and Southern Energy in connection wigir Hadyard Hill Wind Farm.

As most of the households had different charadiesisthree scenarios were constructed,
where the majority of the households surveyed cbaldepresented. The three scenarios
considered were: detached Pre 1918 dwelling, setaietied 1930-1949 dwelling, and
1950-1963 semi-detached dwelling, all of them watbh occupants.

The analysis was divided in three stages for eammnasio: evaluation of energy
efficiency solutions that were already applied d8s stage of the Community Energy
Project, further energy efficiency solutions to &pplied, and renewable electricity
generation considering photovoltaics and wind tuebi The analysis showed that with
the application of energy efficiency solutions, tegbon emissions and the energy use
could be reduced in up to 51% increasing the eneagiyng of the dwelling. The
simulations made in the software HOMER concludeat the most optimum resource

would be a wind turbine, which will considerablyluee the carbon emissions.

There are still funds remaining in the project betdg allow these rural communities to

apply for a partial grand should they decide tdath&enewable Electrical Generation.
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1. INTRODUCTION

The Energy White Papgé? identified energy efficiency as the most cost-effe way to

meet all the UK energy efficiency goals, which ksted below.

Reducing carbon emissions: Using energy as effigies possible is the most cost-

effective way to manage energy demand, and thaddcess the carbon emissions.

- Ensuring security of supply: By reducing demand the gas and electricity
distribution networks, energy efficiency helps &ider improved resilience and will

reduce the dependence on imported energy supplies.

- Maintaining competitiveness: By helping consumeduce their energy bills, energy

efficiency helps UK businesses to be more prodecivd competitive.

- Tackling fuel poverty: Improving the energy stardfaof homes has as an important

role in reducing spending on fuel by those in foaVerty.

Furthermore, in order to move to a more clean gnsogiety, more things can be done.
Renewable generation can make a significant caritab to tackling climate change,
ensuring reliable energy supplies and could helpat&le fuel poverty as well. It can
provide a sustainable source of low carbon enenglyheelp to reduce carbon emissions
from homes, small commercial buildings, and commypuildings. Microgeneration can
also have a wider impact, by increasing awarenedseagaging the public in tackling

climate chang€®

The communities of Dailly, Barr, Pinwherry and Poma located in the southwest of
Scotland have recognized this global issue andméted to do something about it. The
project, which is managed by the Energy Agencyitedalast year with money from a
fund, created by Scottish and Southern Energy mmection with their Hadyard Hill
wind Farm. Currently, part of this fund has alnediken used in energy efficiency
measures in some of the dwellings, mostly the poenergy rated, based on a survey

carried out recently.



The initial focus of the present project was tospre a perspective; thus Chapter 3 gives
some basic background information about the comemergy efficiency solutions for
buildings such as insulation, draught, and lightithgir costs, and their economical and
environmental impact. It also gives an insightthe current renewable generation
technologies that are used with domestic purpas®same interactive tools that are used

in order to optimize the analysis.

The next part of this study is based in the dathegad in the survey carried out during
the first semester of the present year. Chaptgivds a summary of the main results
from the survey and compares them according to tt@racteristics (Age band, built
form, number of occupants, etc). Based on thesgadsons three scenarios are built,

which represent the majority of the dwellings, abtof them due to the time constraint.

Chapter 5 assesses the energy efficiency solutionseach one of the scenarios,
considering that some initial measures have beeady taken in the dwellings as part of
the energy project run by the Energy Agency. Thécamue of this assessment is

optimized scenarios, where the energy consumptidrtize emissions is less.

This outcome is used as an input for Chapter 6yevhenewable generation for domestic
use is assessed. The simulation was run in a adtwalled HOMER, therefore the
technologies considered for this assessment arg swiar photovoltaics and wind

turbines.

Finally, Chapter 7 gives the conclusions and recemdations based on the results of the

assessments in the previous chapters.



2. AIM AND METHODOLOGY

2.1 Aim

To establish the impact of applying energy efficiesolutions and renewable electricity
generation in dwellings from three rural commumitim Scotland: Barr, Dailly and
Pinmore and Pinwherry. The assessment will bedbasedata gathered by surveys

already performed by the Councils.

- To determine the most suitable energy efficiendytgmns that can be applied to the

majority of houses in the communities.

- To assess renewable electricity generation to bd irsthe communities through the
simulation based on the energy demand of the ntajari the houses in the

communities.

- To evaluate the economical and environmental ingpattapplying these solutions

and technologies.



2.2 Methodology

Data Collection
(from survey)

Data Assessment
(basic)

Literature Review (Background)
- Domestic Energy Efficiency Solutions
- Renewable Electricity Generation
- Fuel Poverty in the UK
- Available Softwares

Site Visit !

Data Analysis
Definition of scenarios

Assessment through
softwares and other tools
of most suitable
Energy Efficiency Solutions
for each scenario

Evaluation of impacts of
applying these solutions

Assessment through
softwares and other tools
of most suitable
Renewable Electrical Generartion
for each scenario

Evaluation of impacts of
applying these technologies

Conclusion and
Recommendations




3. BACKGROUND

Energy use is one of the most important issuescauent society. The final energy
consumption in the UK for the year 2006 was maiatgounted for by the transport

sector (35%) and the domestic sector (Z#6hese figures are shown in Figure 3.2.

2004 2005 2006 UK Energy Consumption by Final User
Mtoe Mtoe Mtoe 2006
Industry 33,175 33,555 32,561 o, Nomensravuse
Transport 57,753 59,062 59,780 2% -~
Domestic 48,587 47,161 45,563
Other 20,308 20,315 19,888
Non energy 12,429 12,583 11,814
Use Domestic
TOTAL 172,252 172,676 169,606 o Transport

35%

Figure3.1: UK Energy Consumption by Final ugef!

The domestic sector contributes to 27% of the t6@ emissions (see Figure 3.
Tackling these emissions will contribute meeting toal set by the Energy White
Papef*® of cutting the UK’s carbon emissions - the maintdbutor to global warming -
by some 60% by about 2050, with real progress 2020

% of CO, Emissions
by End Users

60%
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Figure3.2: UK CO, emissions by Entser!t®



3.1 Domestic Energy Efficiency Solutions

Since 1990 domestic energy consumption has inaledlse number of households has
increased by more than 10%, population has incdebgel% and household disposable
income has increased by 30%3.Despite energy efficiency solutions, such as s,
double glazing, and energy efficient electrical lgmezes, domestic energy consumption
has not increased at a greater rate.

Domestic energy consumption by end use
1970 to 2005

55.0

50.0

45.0 4
40.0 4

35.0

30.0
250 W

20.0

Mtoe

15.0 q

10.0

5.0

0.0 T T T T T T 1
1970 1975 1980 1985 1990 1995 2000 2005

—Space heating ——Water ——Cooking = Lighting and appliances ===Total ‘

Figure 3.3: UK Domestic energy consumption by End Use, 1972005

As it can be seen in Figure 3.3, the majority afrgy consumed in the domestic sector is
for space heating, which accounted for 60% of elivered energy consuméd. Space
heating is dependent on outside temperatures, wénghain the fluctuations between
years; it is also dependent on the characterisfitke walls, floors, roofs, and windows.

The heat loss of an average house is shown in &g



Heat L oss from an average home

Windows
10% Walls

Draughts
15%

Loft
25%

Figure3.4: Heat loss from an average UK hoffle

Energy efficiency can be achieved either by meetihdeast the minimum levels of
performance set by the regulations or by applyingrgy efficiency solutions. In order
for them to be efficient, they also should be cef#fective and applicable to the
household. The average household could save arwmdonnes of C@a year by

making their home energy efficieht!

3.1.1 Common Solutions

Given that not all the solutions can be applie&ateame household, it is important to
choose the most suitable, and undertake the imprents considering their opportunities
(i.,e. when installing a new bathroom it would beodoto take a look to other

opportunities that will be more efficient once thaye applied, such as wall, roof, and
floor insulation). Table 3.1 gives an insight ofesle opportunities based on the

approaches that can be done to a house or dwelling.
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Wallinsulation HEEEEEEEEEEE BN NEE
Roof insulation H EHE EH N
Floor insulation - -
Efficient heating and controls -

Efficient hot water system

Draught-stripping

Ventilation

Windows

Energy efficient lighting

Energy efficient appliances
m Good opportunities for cost-effective energy eéfiay improvements
m Other opportunities that are well worth considering

Table 3.1: Opportunities for energy efficiency improvemézm

Some of the factors that affect the amount of eneiged and the impacts in emissions
and costs are the type of dwelling, age, weather lanation, number of occupants,

activities of the occupants, etc. The more factorssidered, the better the result.

The main types of insulation in the UK are loftutetion, cavity wall insulation, double

glazing and hot water tank insulatiBfl.In 2000, 72 % of all houses in the UK had loft
insulation, 19% had some form of cavity wall ingida installed, 39% of houses had
more than 80% of their windows treated with douyiezing and most houses with hot
water tanks have hot water tank insulation sings & low cost, easy maintenance form

of insulatiod'®. The effects of some of these improvements asesstin Figure 3.4.



Energy savings due to insulation and
heating efficiency improvements in the UK
1970 to 2004

100.0

90.0

Mtoe

BT U T S B N e e S S . S S N
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‘! Energy consumption @ Insulating saving B Heating efficiency saving ‘

Figure 3.5: Energy savings due to home improvements in the 1980 to 20042

The combined savings from insulation and heatirfgciehcy improvements reduced
domestic space heating energy consumption to ad@ut of what it could otherwise

have been in the absence of those improveniéhts.
The most common Energy Efficiency Solutions willdelained in the next section.

3.1.1.1 Insulation

Wall insulation can reduce heat loss consideratilgrefore, it is one of the most

important energy-saving measures to consider.

3.1.1.1.1 Cavity Wall

Cavity walls consists of two leaves of masonry,oater leaf often of facing brickwork
and an inner leaf of brickwork or blockwork sepadaby a nominal 50mm wide cavity.
Cavity fill reduces the heat loss through the wiajiup to 609, thus giving significant
savings in heating costs. Its installation is qfat&, and provides greater comfort. Cavity
wall insulation cannot be installed in a solid-wedlldwelling. Cavity fill is the most cost-

effective single insulation measure after loft iagion [**!



They are suitable in the majority of homes buiteafl930, including semi-detached and
terraced houses, and low-rise and high-rise flats.

The estimated costs and carbon savings for appbamgy wall insulation are as follow:

Wall U value | Capital CO, CO, £ spent per
Property type area cost saving tonne of
m? W/m?K £ tonnelyr | tonnelyr | CO, saved

Semi-detached house 98 0.52 353.00 8.10 1.7 208,00
hg;""”se purpose built| 5o 0.45 | 270.00 4.70 0.9 300.00
Modern mid-terrace 40.2 0.34 204.00 3.00 0.2 1@20
High-rise flats 64.1 0.22 7,102.00 5.00 3.1 2,291.00
Low-rise flats 50.8 052 | 2420000 520 0.7 346.00
(traditional)
Low-rise flats (concretg g o 023 | 573000 5.00 1.1 5.209.00
panel) 1)

Table3.2: Estimated costs and carbon savings from cavity inatllation’?®!

As it can be seen in the tables in Appendix 2,pécgt annual saving is around £130 and
£160, the installed cost is around £260; therefthve,installed payback is less than 2
years'?’

3.1.1.1.2 Solid wall

The heat lost through an uninsulated solid watlyscally more than double that of an
uninsulated cavity wdf’. A solid wall can be insulated either internallyexternally —
either option will greatly increase comfort, whildso reducing running costs and

associated environmental impact.

- Internal insulation typically consists of eithelydming in the form of a laminated
insulating plasterboard (known as rigid insulatimard), or a built-up system using
insulation between a studwork frame. The estimatests and carbon savings for

applying internal insulation are as follow:

-10-



Wall U value | Capital CO, CO, £ spent per

Property type area cost saving | tonneof
m? W/m?K £ tonnelyr | tonnelyr | CO, saved

Medium-rise flats (pre-| , gg 0.46 270.00,  4.05 0.1 5,400.00
1919)

Victorian conversion 294 0.46 1,318.00 4.30 0.2 6,590.00
Low-rise 1970s flats 21.0 0.46| 1,130.00 5.70 0.2 5,650.00

Table 3.3: Estimated costs and carbon savings from interntlimgulation®!

- External insulation systems are made up of an atisul layer fixed to the existing
wall (using a combination of mechanical fixings aadhesive, depending on the
insulation material used) and a protective rendesladding finish. Not suitable for

listed, historic or properties with fine archite@ldetailing. The estimated costs and

carbon savings for applying external insulationasédollow:

Wall Uvalue | Capital CO; CO, £ spent per
Property type area cost saving tonne of
m? W/m?K £ tonnelyr | tonnelyr | CO, saved
Pre-1919 terrace 92.02 0.34 9,494,00 7.70 4.5 0010
Victorian conversion 44.8 0.34 4.,684.00 3.60 0.9 208,00
High-rise flats 64.1 0.22 7,102.00 5.0Q 3.1 2,201.0

Table 3.4: Estimated costs and carbon savings from externtivgalation!®

As it can be seen in the tables in Appendix 2,mctl annual saving for the internal
insulation is between £270 and £340. The instailest varies from £40/fmwhereas for
the external the annual saving is around £290 858 fthe installed cost is from £1800
(marginal cost), therefore the installed paybackualb to 6 years. It can have long
payback times, unless installed in conjunction witther remedial work and
refurbishment work&”

3.1.1.1.3 Other wall types

A variety of other common wall constructions casoabenefit from additional wall

insulation; however, each dwelling would have tdreated on a case-by-case basis.

-11-



- Timber-framed dwellings
- Non-traditional methods of construction

3.1.1.1.4 Roofs

Roof insulation can reduce heating costs in mogsédypes by up to 20 per cent — more

so, if there is no existing insulati&!

Lofts are the easiest to insulate — either insudpbetween the joists, or at roof level in
the rafters. Attic rooms and flat roofs can be latad, but the work is best done during a

conversion or major renovation. The estimatedscastl carbon savings for applying loft

insulation are as follow:

Th'%‘}“ess CO, CO, | £spent per
Property type insulation saving tonne of
mm tonnefyr | tonne/yr | CO, saved
Pre-1919 end 300 32.8| 013 314 11.9 0.3 1,047
terrace
Medium-rise flats 200 63.4| 0.13 434 3.8 0.3 1,447
house Bay: 200 | 1.6 1.18 140 9.7 0.1 1,400
200 579| 0.13 397 5 0.6 662
Low-rise flats 120
(polyuretha| 56.9 0.15 6,054 4.9 1.1 5,504
ne 0.02)
Modern mid- 200 30.4| 013 209 3.1 0.1 2,090
terrace house

Table 3.5: Estimated costs and carbon savings from loft intn !

A typical annual saving varies according to thetdef220 to as low as £50, and the

payback from about 1 to 5 years (depth Omm and 5@espectively}>”

The optimum depth for loft insulation is 200-300mamything less than this should be
topped up.

-12 -



3.1.1.1.5 Floor insulation

Ground floor insulation is most effective for dédtad houses because most heat is lost

along the perimeter of the floor.

- Heat loss through floors can be reduced by up tgp&Ocent by insulation. The

estimated costs and carbon savings for applyingdimfioor insulation are as follow:

Area | Uvalue | Capital CO, CO, £ spent per
Property type cost saving tonne of
m? W/m?K £ tonnelyr | tonnelyr | CO, saved
Pre-1919 end terrace 32.8 0.16 1,566 11{3 0.9 1,740
Victorian conversion 34.8 0.16 1,655 4.2 0.3 5,517

Table 3.6: Estimated costs and carbon savings from floor atir [26]

The typical annual saving of timber floors is betweE40 and £50. The installed cost
from £100 for materials, therefore the installegtyzeck is less than 3 yeal)

3.1.1.2 Windowsand doors

A major source of energy loss is through windowsl @woors. Regulations require
windows, doors and roof-lights to achieve a U vafi@.0 W/nfK (as an area-weighted

average)*®

Energy-efficient windows, when correctly selectet] anstalled, will help to minimise
the heating costs and will also increase comfolthddigh savings from installing new
windows are not as high as other measures (e.gyeaall insulation), it is important to
recognise that windows are replaced very infrequesd another opportunity to install

high-performance glazing may not arise for a nunabeears.

Secondary glazing is a good option where thermdbpeaance needs to be improved and
the existing character of the dwelling needs tani@@ntained. The estimated costs and

carbon savings for applying double glazing (lowas) as follow:
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Area | Uvalue | Capital CO; CO, £ spent per
Property type cost saving tonne of
m? W/m?K £ tonnelyr | tonnelyr | CO, saved

Period terrace house 7.6 2 2,801 11.4 0.8 3,501
Period conversion 8.8 2 3,228 4.2 0.3 10,760
Tenement flats 8.1 2 2,979 3.8 0.3 9,930
Semi-detached house 20.9 2 7,146 8.2 1.6 4,466
Low-rise flat 8.2 2 3,014 4.9 0.7 4,306
Modern terrace 8.2 2 3,014 2.7 0.5 6,028
High-rise flats 115 2 4,187 6.4 1.7 2,463
;ﬂ‘évgizilj)'ats (brick | 197 2 3903| 54 0.5 7,806
Low-rise flats (panel) 10.7 2 3,903 5.7 0.4 9,758

Table 3.7. Estimated costs and carbon savings from windovmgyé%a]

Solid timber doors typically have a U value of 3Wm2K. Insulated doors that achieve
a U value of 1.0 W/m2K or better are readily ava#saas replacements for these, and will

improve energy efficiency in the home. The estimatests and carbon savings for

applying insulation to doors are as follow:

Property type

Area

m2

U value

W/m2K

Capital

cost
£

CO,

tonnelyr

CO,
saving
tonnelyr

£ spent per
tonne of
CO, saved

Pre-1919 end terrace 3.8 0.7 1,100 11.8 0.4 2,750

Victorian conversion 1.9 0.7 550 45 0

m)%?'“m'“se flats -top| 4 4 0.38 550 4.05 0 11,000

Semi-detached house 3.8 0.7 1,100 9.y 0.1 11,000

hg(‘;"r'“se flats - top 1.9 0.7 550 55 01 5500

?}"Odem mid-terrace 1.9 0.7 550 3.05 0.2 3.667
ouse

High-rise flats - mid 1.9 0.7 550 7.9 0.2 2,750

floor

Low-rise flats - top 1.9 0.7 550 58 01 5500

floor

Low-rise flats - 1.9 0.7 550 6 0.1 5500

concrete panel

Table 3.8: Estimated costs and carbon savings from insulatedstf®!
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Draught-stripping of existing badly fitting windovesd doors is inexpensive and simple

to install. It can greatly improve comfort as weedl reducing heat loss.

3.1.1.3 Ventilation

In a typical house, at least 15% of the total hesd is through uncontrolled ventilation.

As well as wasting heat, all dwellings require atibn for a number of reasons:
- For the health and comfort of occupants.

- To ensure safe and efficient operation of combuas#ppliances (e.g. gas boilers)

which draw combustion air from within the dwelling.
- To control condensation by the removal of moisttapour.
- To remove other pollutants and odours.

Average natural ventilation rates of between 0.8 arD air changes per hour are
recommended for the whole home. This rate keepwidity below 70%, which

minimises the risk of condensation.
Controlled ventilation can be achieved using:

- Local background ventilation (e.g. trickle ventied) to provide a steady flow of

fresh air without draughts.

- Local rapid ventilation (e.g. extract fans or passstack ventilation) to remove stale
air and moisture, and draw in fresh air from otr@ms or outside through trickle

vents; possibly with heat recovery.
- Whole-house mechanical ventilation, usually witatrecovery (MVHR).

The estimated costs and carbon savings for seahilgneys, windows and doors, loft

hatch and installing extract fans are as follow:
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Capital CO, CO, £ spent per

Property type cost saving tonne of
£ tonne/yr | tonnelyr | CO, saved

Pre-1919 end terrace 599 11.7 0.5
Victorian conversion 465 4.6 -0.1
Medium-rise flats - top floor 465 3.9 0.2
Semi-detached house 520 8.9 0.9
Low-rise flats - top floor 415 5.6 0 -
Modern mid - terrace house 430 3.2 0 -
High-rise flats - mid floor 415 8.1 0 -
Low-rise flats - top floor 415 5.9 0 -
Low-rise flats - concrete panel 415 6.1 0 -

Table 3.9: Estimated costs and carbon savings from ventilatieasure#®!

- Whole house ducted systems based on either pastsiele ventilation or mechanical

ventilation with heat recover{?”

The estimated costs and carbon savings for HMVRasufellow:

Capital CO; CO, £ spent per
Property type cost saving tonne of

£ tonnelyr | tonnelyr | CO, saved

Pre-1919 end terrace 1,999 11 1.2 1,666
Victorian conversion 1,865 4.4 0.1 18,650
Medium-rise flats - top floor 1,865 3.7 0.4 4,663
Semi-detached house 1,920 8.7 1.1 1,745
Low-rise flats - top floor 1,815 5.1 0.5 3,630
Modern mid - terrace house 1,830 2.9 0.3 6,100
High-rise flats - mid floor 1,815 7.4 0.7 2,593
Low-rise flats - top floor 1,815 5.7 0.2 9,075
Low-rise flats - concrete panel 1,815 5.9 0.2 9,075

Table 3.10: Estimated costs and carbon savings from HMIR
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3.1.1.4 Lighting

Low-energy lighting, using compact fluorescent lanfGFLs), can be fitted at any time.
Low-energy lighting is most cost-effective whend in rooms that are most often used

e.g. living room, kitchen and hallway.

The estimated costs and carbon savings associatedlow-energy lighting are as

follow:

Capital CO, CO, £ spent per

Property type cost saving tonne of
£ tonne/yr | tonnelyr | CO, saved
Pre-1919 end terrace 120 12.1 0.1 1,200

Victorian conversion 90 4.4 0.1 900
Medium-rise flats - top floor 150 4 0.1 1,500
Semi-detached house 165 9.7 0.1 1,650
Low-rise flats - top floor 120 5.5 0.1 1,200
Modern mid - terrace house 135 3.1 0.1 1,350

High-rise flats - mid floor 90 8 1 900
Low-rise flats - top floor 105 5.8 0.1 1.05
Low-rise flats - concrete panel 105 6 0.1 1,050

Table 3.11: Estimated costs and carbon savings ftow-energy lighting?®’
In most homes, lighting accounts for 15-20 per cérihe electricity bill %

3.1.1.5 Appliances

Energy-efficient appliances use less electricitd dmerefore cost less to run. There is
ample evidence that energy-efficient appliancesoften no more expensive to buy than
equivalent appliances that are much less efficigihen buying an appliance, it is
necessary to look for the EU energy labels, whabellA is the most efficient and G the

least.*"]

3.1.2 Cost-effectiveness

A simple estimate of payback can be calculated bydidg the capital cost of the

improvement measure by the estimated annual saving:
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CapitalCos

PaybacKyearg =
ybackyears AnnualSawig

Based on this equation, Table 3.12 establishegeheral range of cost-effectiveness for
different improvement measures. This table shdnddised only as a quick reference,
since there are many other factors that can infleehe payback time. These values are
estimated from a range of standard house types gathcentral heating and standard

occupancy.

Typical payback (years)

Higher cost measures
which will further
L ow cost improvements reduce household bills

and environmental
impact

(<t{2]3fafs5[6f7][8[9]>0]
Insulation
Roof insulation (new installation)
Roof insulation (top up) --
Cavity wall insulation (CWI) ]
Ground floor insulation (solid floor)
Ground Floor insulation (timber floor)
Internal wall insulation
External wall insulation
Windowsand door s
Windows achieving a BRFC rating in band C or abo
Secondary glazing
Insulated doors
Heating and hot water
A-rated condensing boiler

Upgrade cylinder insulation

Replace hot water cylinder with high performanceleio ---

Full heating controls package ---

Seal any disused fireplaces -

Draught-stripping and sealing --

Lightsand appliances

Energy efficient lighting ---
A-rated white goods ---

Table 3.12: Payback time of common measulSh
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The costs and savings figures will vary accordimghe size of the dwelling, its location,

the measures (if appropriate), fuel, heating systaththe materials used.

Energy savings are estimated from a range of stdndause types with gas central
heating and standard occupancy. Actual savingsmndepa individual circumstances.

Remember that some of the benefit may be takempnaved comfort.

In order to have a deeper analysis and more prégises, a cost benefit analysis can be
done taking into account further data related ® diwvelling, costs and savings figures
will vary according to the size of the house, dsdtion, the measure, occupancy, fuel,

heating system and the materials used. (See App&hdi

3.2 Renewable Generation for Domestic Use

Renewable Energy Generation Technologies, sometoaksd microgeneration, is the
small-scale production of heat and/or electricibni a low carbon sourc@.

The technologies included in this definition aréasghotovoltaics to provide electricity
and thermal to provide hot water, micro-wind (irdihg the new rooftop mounted
turbines), micro-hydro, heat pumps, biomass, mambined heat and power (mMCHP)

and small-scale fuel cells.
The constraints currently preventing wide-spreatdkgy of microgeneration technologies

- Cost: relatively high upfront costs constrain dethatemand needs to be stimulated
to allow the industry to exploit scale economied Bearning effects in production and

installation.

- Information: inadequate promotion and poor inforioratregarding the costs, benefits
and performance of the various technologies cademnigrowth in demand and can
also make it difficult to interest the constructioustry and building designers in

using these technologies.
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- Technical: including metering, connection to thstabution network and balancing

and settlement arrangements

- Regulatory: the regulations governing planning nemuents for new build, planning
permission for microgeneration installations onsérg build and the Building

Regulations can provide opportunities for the ngemeration industry.

The household microgeneration sector is still reddy small with less than 100,000
installations in total to date in the UK. Most bEte installations were derived from early

solar hot water heating installatiofs.

Figure 3.6 shows the cumulative installations fachketechnology.
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Figure 3.6: Installation of each microgeneration technologthie UK 2002 - 2005

It can be seen that in most technologies the lasiah rate has flattened, except for
mMCHP, a technology that has increase from 10 ir220@bout 1,000 in 2005.

-20-



3.2.1 Electricity Generation Technologies
3.21.1 Solar photovoltaics (PV)

PV systems consist of semi-conductor cells thatiaked and encapsulated into modular
panels - often a rectangular shape about a metge these are then interconnected to
provide electrical power, which can be harmonisét grid electricity and fed back into
the network. For grid-connected installations arerter is required to turn the electricity
generated from direct current (DC) to alternatingrrent (AC) and for off-grid
installations, a storage mechanism and controlesysire generally needed. A typical
household system of 2kWp could provide an averddetween 40-50% of total annual
electricity needs. The cost of installing a PV eystvaries depending on whether it is a
standard bolt on system or a more integrated syskermthe average cost is around
£6,300 per kwp

There is a small but growing market for PV in thi€.0’he cumulative installation of PV

has grown substantially over the last years:

Installation growth of PV in the UK
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Figure3.7: Installation growth of PV in the UR
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In addition the information related to the Renewalhnovation Revie\ll estimated that
PV could contribute 6-8% of overall electricity gy by 2050 and lead to a 3 million

tonnes of carbon reduction in carbon emissions.

3.2.1.2 Wind Turbines

There are a number of established wind developeds iastallers both at the small
(household) level and at the large (commerciallesdais estimated that there are around
650 — 700 small scale installations in the K Current small scale installations are not
generally mounted directly onto buildings, but dnalilding mounted machines are

under development and becoming more widely avaglabl

A wind turbine converts wind to electricity. The st@ommon design is for three blades
mounted on a horizontal axis. The blades driveregeor either directly or via gearbox
to produce electricity. The electricity can eithiak to the grid or charge batteries. Small
wind turbines (less than 20 kW) produce AC (vaeabbltage and frequency) current
which is converted to DC via a system controllenisTDC is then converted to normal
AC current (240V 50Hz) by inverters as with PV. Maod designs tend to be very near

silent in operation.

A typical small scale system costs between £2,500£5,000 per kWe installed. A small
wind turbine of 6kW capacity (sufficient for all ¢iie electricity requirements of two or
three typical UK households), costing about £20@0@stall, will generate about 10,000
kWh per year. This might amount to financial sasgiog around £700 per year and would
equate to carbon saving of 4.3 t&¢&ar. The pay back time on an average 6kWp system

would therefore be around 29 years (based on 2I@@&ieity pricesf*!

3.21.3 Small Hydro

There is a small, limited market for small and mtbydro in the UK. A total installed
capacity of around 100 MW is currently operatingghbut 120 small hydro sites, each
with installed capacity of less than 5MW. In adulitithere are an unknown number of

operational micro-hydro sites, with installed capes of less than 20MW. Growth is
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estimated to at about 10MW per year. There are rabeu of small but established

companies currently operating in the UK that sdesgan micro-hydro installations?!

Water is used by "hydro turbines" to generate glet. Water flowing down rivers, for
example, turns the turbine round; this movementsid to produce power. Most hydro
power is produced in hilly or mountainous areas,jroriver valleys. The amount of
electricity that can be produced is determined by Imuch water is available and how
fast it flows. Additionally of all renewable energgchnologies, it is the most consistent

at providing electricity.

Costs for hydro projects depend greatly on the ait# vary considerably, but can cost
anything between £1,000 and £3,000 per installed*®w

3.2.2 Heat Generation Technologies
3.22.1 Solar Thermal Hot Water

There is a small but established market in the WK dolar water heating systems.
Estimates put the total number of existing instaimestic systems in the UK at over
70,000 ' with about 5,000 new domestic systems installadheyear. The main
potential for this technology is in the domesticrked. It is estimated that there is the
potential for the number of retrofit installatiotesincrease from this relatively low base
(under favourable market conditions) to 50,000 newts installed per year by 2010,
300,000 by 2015 and 800,000 by 2620.

Systems comprise of solar collectors (evacuate@stulr flat plates), a heat transfer
system (a fluid in pipes) and a hot water storg. (@omestic hot water cylinder). A 3m
collection area will provide between 50 — 70% ofypical home's annual hot water
requirement. The cost of a professionally instaliethr system for heating hot water can
vary significantly, but a household system @tmould cost £2,000 for a new build and
£2,800 for a retrofit installatiof”

System savings range from around 454 kilowatt hquh)/year/ni of flat plate
collector — 582kWh/year/frfor an evacuated tube system. This might amouatsaving

of around £120 - £150 per year for electricallytedgoroperty or be as low as £36 - £46
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for a gas-heated property. The pay back time oavenage 3rfhhousehold system would
therefore be around 24 years for an electricaligtéa property and 80 years for a gas-

heated property (based on current energy prit®s).

3.2.2.2 Ground Source Heat Pumps (GSHP)

The market for ground source heat pumps is cugesithall but growing. The total
number of existing installation in the UK is estied to be 600 - 700 unitd. The
principal market for GSHP are domestic housing, m@ntial properties not connected to
the natural gas network and commercial industniaperties with stable heat demand. It
Is estimated that there is the potential for thenber of installations to increase from this
low base to 10,000 units installed by 2010, 3509@015 and 55,000 by 2084

Systems operate by circulating water (or anothed)lthrough pipes buried in the ground
in trenches or in vertical boreholes. The pipesaettheat from the ground and a heat
exchanger within the heat pump extracts the heat this fluid. The compression cycle
is employed (also used in refrigerators) to theserthe temperature to supply hot water
to the building. They require electricity to wor&though this can be provided by
complimentary renewable energy sources. The coattgbical household system is £4 -

6,000. A typical system will provide 95 - 100% ofi@usehold's heating requiremefits.

For a domestic system with a total annual heat @&@D,000 kWh heated by natural gas
the annual carbon emissions would be in the regidh3 tCQ/ year. Employing a 9 kW
(peak heat output) ground source heat pump witbedficient of performance (CoP) of
3.5 and costing around £9,000 would require 8,5Wh lof electricity to operate the
pump. Assuming a normal electricity tariff, thelmam dioxide emissions would equate to
3.7 tCQY/ year equivalent to a net saving of 2.6 tCyear™

GSHP is most likely to be an option where theradsaccess to natural gas and so the
alternative may be oil or direct electric heatistp(age heaters). In the case of the latter,
financial savings could amount to around £640 panuan (assuming off-peak
electricity). In the case of oil fired heating, tileely running and installation costs would

be comparabl&?
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3.2.2.3 Air Source Heat Pumps

These systems have yet to become widely availablthé domestic market and continue
to undergo minor development work. However they l&e&ly to become commercially

viable in the very near future.

They work in the same way as GSHP except that ¢dkiecs of the heat is the external
ambient air. As external temperature is more végidiftan in the ground, coefficients of
performance are likely to be lower, but so too iastallation costs as no trenching or

ground drilling is required.

Systems are often installed on an external watl,raay give rise to noise issues in high-

density housing developments.

3.2.24 Bio-Energy

There are a range of small-scale biomass heatistgrag commercially available in the
UK across a wide range of sizes, combustion tecymes and fuel sources. These range
from single room heaters hand fed with logs, thiotglarge scale industrial units with
fully automated fuel handling systems using woodpghfor large scale steam or
Combined Heat & Power (CHP) operation. It is estedathat the existing number of
domestic wood burning installations produce aro@n88 TWh/year. The principal
market for domestic scale biomass heating willrbenore rural locations where there is
the space to accommodate the boilers and accdselts easier. The potential market
size is 1.1M houses with an energy potential 06 TWh/year*

The cost of a typical household system is betwead® - £2,600 for a single room
heater or £200 - £600 per kilowatt thermal (kWtistalled for a boiler system, with fuel
costs of around £15 — 30/MWh for wood pelléts.

For a typical domestic system with a total annuahthload of 30,000 kWh, a 9kW
biomass system could deliver the heat requirecdiition to the initial capital outlay,
there would be an annual cost for fuel and maimeaaOverall the running costs would

be comparable to gas or oil heated properties.tiBre would be net carbon savings of
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around 6.3 tC@year for a gas heated property and 8.7 #g&ar for an oil heated
propertyt*¥

3.3 UK Energy Approach to Fuel Poverty

Section 95 of the Housing (Scotland) Act 2001 defifruel Poverty as being a household
living in a home which cannot be kept warm at reaste cost”. However, the general

definition of fuel poverty in Scotland is:

“A household is in fuel poverty if, in order to mé&in a satisfactory heating regime, it
would be required to spend more than 10% of itenme (including Housing Benefit or

Income Support for Mortgage Interest) on all howsefuel use” ")

The definition of a 'satisfactory heating regimeuhd use the levels recommended by the
World Health Organization. For elderly and infirmmuseholds, this is 23° C in the living
room and 18° C in other rooms, to be achieved trhaurs in every 24. For other
households, this is 21° C in the living room and €8n other rooms. The period during
weekdays is 9 hours in every 24; with two hoursigen the morning and seven hours in

the evening®”!

Fuel poverty - not being able to heat a home t@a@reptable standard at a reasonable
cost - is caused by a combination of factors. Tiofene most significant are household

income, the cost of fuel, and energy efficiencyhaf home®”!

- Low household income is the first major factor thah contribute to fuel poverty.
The costs of heating a property form a greater gntagn of total income for those on

low incomes.

- Fuel costs are the second major factor that cactafifie numbers of people suffering
from fuel poverty. Higher prices reduce the affdnitley of fuel. Prices of different
types of fuels can vary considerably, and the abdity of different fuels in different
areas, and of different types of heating systems,affect the ability of consumers to

exercise choice.
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- The energy efficiency of the home is the third mdpctor that can result in fuel
poverty. The thermal quality of the building ane tifficiency of the heating source

determine the amount of energy that must be puechesheat the home adequately.

Fuel poverty has a negative impact on individuatsjseholds, and communities. For
individuals and households, the main negative imp@duel poverty is its damaging

effects on quality of life and health.

3.4 Software
341 HOMER

HOMER is a computer model, developed by the Nati&snewable Energy Laboratory
from the U.S. Department of Energy, that simplifies task of evaluating design options
for both off-grid and grid-connected power systefos remote, stand-alone, and
distributed generation (DG) applications. HOMERXimization and sensitivity analysis
algorithms allow you to evaluate the economic aathnical feasibility of a large number
of technology options and to account for variationtechnology costs and energy
resource availability. HOMER models both convergiorand renewable energy

technologied?”!

Power sources:

- solar photovoltaic (PV)

- wind turbine

- run-of-river hydro power

- generator: diesel, gasoline, biogas, alternativecastom fuels, cofired
- electric utility grid

- microturbine

- fuel cell

Storage:
- battery bank
- hydrogen
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Loads:

- daily profiles with seasonal variation

- deferrable (water pumping, refrigeration)
- thermal (space heating, crop drying)

- efficiency measures

3.4.2 NHER Auto Evaluator

Since 1990, the National Home Energy Rating (NHE&)eme has developed software
solutions like the NHER Auto Evaluator, which isedsfor analysing existing dwellings
and is unique in that it is the only software tbah be used to issue authorised energy

ratings on existing dwellings”

3.4.2.1 Levesof Analysis

The NHER scheme has four levels of analysis. Theracteristics of each level are

explained in Table 3.13.

Number

Leve 87 D! Accuracy Other Properties

Items
(Questions)

Minimum data set that can be used as basis|for
an energy rating. Use of statistical relationships
to establish dimensional data. Energy certificates

cannot be issued at this level.

Fast surveys. It records wall constructions, floor
areas, perimeters, heights, heating systems

1 50-100 Fast audits specifications. Assessment of the U-values.
Lowest level at which a certificate of the NHER
and SAP can be issued.

All dimensional information on a dwelling mus

0 10-15 Stock Analysis only

2 200 Full SAP be assessed and U-values must be calculated
Standard occupancy . ; A
from the detailed construction of all elements.

5 250 Accurate running It includes details of how the occupants use the

costs

dwelling. It can match exactly the energy bil|.
Risk of surface condensation can be analyzed.

Table 3.13: Levels of Analysis — NHER
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3.4.2.2 Energy Ratings

Energy Ratings are designed to be a measure ofutlecost of the property. The
software takes into account two ratings:

- NHER Rating: This rating is calculated by estimgtthe total annual fuel costs for
the property dividing by the floor area, and adpgsto fit on a 0 to 10 scale (0 being
very energy inefficient, and 10 very energy efiit}e The estimation of running

costs uses a UK government developed calculatiocepiure called BREDEM?

- SAP Rating: The Standard Assessment Procedurey ré®iAP) only uses the space
and water heating part of the calculations. Théesisafrom 1 to 100, and it is about
10 times more than the NHER Rating.

Apart from the scales, one of the differences betwsoth ratings is the fact that the SAP
rating is the same all over the country, whereaSNHER varies because it considers the
running costs that vary according the location.
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4. CASE STUDY AND STUDY SCENARIOS

4.1 Data Collection

The communities of Dailly, Barr, Pinwherry and Pona (see Figure 4.1) have received
an amount of £300,000 from the Scottish and SontE#rergy in connection with their
Hadyard Hill Wind Farm, a windfarm that startedgenerate electricity in April 2006.
Scottish and Southern Energy specified that thred fshould be used improving the
households in the community: applying energy efficly solutions (EES) and, if
possible, renewable electricity generation (REG).
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Figure4.1: Location of the communities where the study hasmarried out

In order to apply EES and REG, South Ayrshire cddras given the management of the
project to the Energy Agency. The Community Enemsoject was launched in
December 2006.

-30-



The Project followed an approach considering itites that aim to achieve a full
assessment of all housing stock, like the Warm Zoime England, and considering
lessons learned from other communities or councdjegets, such as the Dundee

Community Energy Partnership.

Starting in March of 2007, a survey to each houkehwas carried out in the
communities. The data obtained from the survey tlvasmain input to the present case
study. The result of the survey was considered essful. Currently, the survey has
reached 749 households of the existing 815; howé¢werdata analysed in this case study
will be of 650 households, since the remaining 9&/eys were carried out later, when

the present study was already in progress.

The survey was based in the NHER scheme — Levesk® 8.4.1). It was considered
appropriate to add some questions to the survey frevel 1 scheme in order to have

some accurate and extra information that can be inseirther studies and projects.

The items included in the survey are listed intdide below. Nevertheless, the complete

survey can be found in Appendix 1.
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Tenure Wall Type HLA Roof

Deg_ree Day wall Insulation (mm) Loft Irjsulation Depth

Region Required

Built Form Floor Insulation (mm) No of Occupants

Age Band Prim Heat Fuel Over 60s

Suitable for Solar | Prim Heat System No Retired

No of Storeys Prim. Heat Code No Working >16hrs

No of Bedrooms Heating System Age No Working <16hrs

ggoor:]gther L1 Prim Heat Controls No Full Time Carer

No of Rooms Sec Heat Sys No Unemployed

Roof Rooms Hot Water Fuel No in Full Time Education

Flat Type Hot Water Sys No Ill Health

Flat Roof Cylinder Thermostat No Chll_dren Not in

Exposure Education

Flat Wall Cylinder Insulation Any Benefits

Exposure

Flat Floor Low Energy Bulbs Income Band

Exposure

Window Proofing | Draft Proofing Required Energy F8glend Last Yr

Door Proofing Cylinder Insulation Required Mileagend

Window Type Cawty Wall Insulation No of Return Flights
Required

Window Glazing HLA Exposed Wall Comments

Roof Type Loft Insulation Required Measures Reqlire

Loft Insulation

(mm)

Table4.1: NHER scheme data items included in the survey

4.1.1 Resultsof the Survey

Because of the time constraint, from all the datngred, only the most relevant will be
used in order to determine the most suitable asteaftective EES and REG.

4.1.1.1 DegreeDays

All the houses are located in the same Degree [ayoR, which is Southwest Scotland.
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4.1.1.2 Builtform

The survey showed that most of the dwellings ataated, followed by semidetached
dwellings.

Built Form

Flat
7%
Mid terrace
19%

Detached
35%

End of terrace

16%
° Semi-detached

23%

Figure4.2: Distribution of households by Built Form

4.1.1.3 AgeBand

The home age is required for the calculation tecethe default U values for the wall,
roof and floor. The results of the survey show tB&% of the houses were built before
1918, 21% during the 1930’s and 1940’s.

AgeBand

3% 4%

28%

21%

= Pre 1918 1918 - 1929 I 1930 - 1949
1950 - 1963 [ 1964 - 1974 01975 - 1982
01983 - 1990 01991 -1997 Post 1997

Figure4.3: Distribution of households by Age Band
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4.1.1.4 Suitablefor solar

595 out of 650 are suitable for solar, meaning Hiatost 92% of the dwellings in the
area have a roof that is roughly between South BadtSouth West facing and not

significantly in shadow.

4.1.1.5 Wall, glazing, roof, and door

Identifying insulation levels and constructionsaiso important in order to assume U-

values.

Wall Type | No of Houses

Cavity 368
Stone 160
Solid 81
Timber frame 41
Double 516
Single 134
Pitched 618
Mixture (of flat and pitched) 9
Flat 3
No data 20
Door Proofing No of Houses

Well Sealed 379
Minimal 254
None 17

Table4.2: Walll, glazing, roof, and door proofing survey reésul

4.1.1.6 Occupancy data

The survey showed that the majority of the dwebig89%) are occupied by two persons.
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Number of Occupants
300 -
253
250 -
200 -
162
150 -
96

100 28
50 - 30

10 6 2 3

0 _
0 1 2 3 4 5 6 7 8
Occupants

Figure4.4: Number of Occupants per household

4.1.1.7 Heating System

As it can be seen in the table, most of the heaysems in the households depend on

electricity as a fuel, making it very inefficient.

Primary Heating System

Boiler system (oil) 216
Boiler system (solid) 15(
Storage heaters 143
Boiler system (elec) 79
Boiler system (gas) 40
Room Heaters (solid) 14
Room Heaters (elec) 4
Heat Pump on-peak(elect) 1
Warm air system (elec) 1
Warm air system (oil) 1
No Data 1

Table4.3. Primary Heating System
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Primary Heating Fuel

4.0% 2.0%
3.4%

5.5%

Count of Prim Heat Fuel

33.1%
Prim Heat Fuel
H Oil (28 sec) B Economy 7 (off-peak) B Anthracite Nuts
O Housecoallpearls B Bulk LPG OWood
O Anthracite Grains O Domestic (on-peak) electricitt] Bottled Gas
B Smokeless (processed)

Figure4.5: Primary Heating Fuel

Electricity accounts for almost 35% of the fuelghe survey (Economy 7 and Domestic
electricity). Electricity used for heating purpsseecomes environmentally inefficient
considering the amount of households using thes fagl.

4.1.1.8 IncomeBand

Income

180

160

140

120

100

80

60

40

n B

0 — ; ;
<£5,000 £5000-  £10,000-  £15000-  £20,000-  £30,000-  >£45000 N/A
£10,000 £15,000 £20,000 £30,000 £45,000

Figure4.6: Income Band per number of households
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Most of the residents have an annual income bet&bd@00 and £15,000. Nevertheless,
information related to income was missing for 161he dwellings, either because it was

unknown or because people refused to answer.
4.2 Scenarios

4.2.1 Arguments

After discussing with the Energy Agency, considgrthe big amount of data from the
survey varies from one household to another andtithe constraint for the present
analysis, three study scenarios will be built inlesrto assess them in a proper way.
These scenarios are expected to represent the ityamr the dwellings in the

communities. In order to achieve these, the falhgnarguments were considered:

- One of the main concerns of the communities isllaviate fuel poverty. As it was
mentioned in section 3.3, the factors linked td pererty are: low income, fuel used,

and energy efficiency of the house.

The survey showed information related to incomegFeé 4.4) and fuel used for
heating systems (Table 4.3), whereas energy effigiavill be evaluated considering
the following data:

- Age Band (Figure 4.3) and Built Form (Figure 4.R):general, U-values can be
determined by age and style of construction).

- Occupancy (Figure 4.4): One of the dominant factoffuencing the electricity

demand profile is occupancy (i.e. number of peppésent in the householt).

4.2.2 Definition of the Scenarios

As a first step, the dwellings that used electyieis a primary heating system fuel were
not considered as part of the study, since theofisdectricity as a fuel is not energy
efficient, therefore the demand profile is differea the ones that are most commonly
found in the survey. Nevertheless, all the EES wilitbe recommended can be applied
once the dwellings change electricity for anothgyet of heating fuel, such as a gas

boiler.
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Taken all these into account and due to the langeuat of data, the rest of the scenarios
will be defined in two different graphs that wilbmbine occupancy, age band, and built

form:

Figure 4.7 shows data from the survey for occupamei/age band.

Number of Households according
to occupancy and age band

Count of Age Banb

120

100+

80

60

40 -

20

01234 5 § g8 0 P 56 1 R234|5|6(7/0/1|/2/3/4|5|6 8 2 4 0 P A R4AB|1|1213|4|5/6/12 3|4

Pre 1918 1918 - 1929 1930 - 1949 1950 - 1963 1964 - 1975 - | 1983 - 1991 -1997 Post 1997
1974 1982 1990

No of Occupanis

Figure4.7: Households according to age band and occupancy

As mentioned in section 4.1.1.6, the majority oé thouseholds have two occupants.

Therefore, from the graph, three options coulddiesitlered:
- Pre 1918 with 2 occupants,

- 1930 to 1949 with 2 occupants, and

- 1950 to 1963 with 2 occupants.

A second graph was plotted based on the three grdapcribed in the last paragraph,
adding the built form. The result can be seen gufé 4.8.
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Number of Households according to
occupancy, age band and built form

Count of Age Banb

Semi-
detached
Detached

Semi-
detached
Detached

Semi-
detached

o
@
<
3]
(o
I
)
o

Pre 1918 1930 - 1949 1950 - 1963

[Age Ban{No of Occupan{Built Forn]

Figure 4.8: Households according to age band, occupancy, atiddrmn

It can be seen that the buildings that are moreesetative of the area, which are going
to be the three scenarios to be assessed EES grat&RG

- Pre 1918 Detached dwelling with two occupants.
- 1930-1949 Semi-detached dwelling with two occupeaansl
- 1950-1963 Semi-detached dwelling with two occupants

This also coincides with the scenarios that ther@dn@gency considered to represent the
majority of the households in the communities.

4.2.3 Description of the scenarios

These three scenarios were analysed separatelytfrorspreadsheet with data from the
survey. (Note: The spreadsheet has an enormousn@rabdata that is not displayed in

this work due to space constraints). The most comolaracteristics for each scenario
are shown in Table 4.4.
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Degree Day Region

Built Form

Age Band

No of Occupants
Suitablefor Solar

No of Storeys

No of Bedrooms

No of Other Rooms
No of Rooms

Roof Rooms
Window Proofing
Door Proofing
Window Type
Window Glazing
Roof Type

L oft Insulation (mm)
Wall Type

Wall Insulation (mm)
Floor Insulation (mm)

Cylinder Insulation required

Prim Heat Fuel
Prim Heat Sys

Heating System Age
Sec Heat Sys
Hot Water Fuel

Hot Water Sys

L ow energy bulbs

I ncome Band

Energy Fuel Spend

2d

Scenario Scenario Scenario
I [ 111
South West South West South West
Scotland Scotland Scotland
Detached Semi-detached Semi-detachg
Pre 1918 1930 - 1949 1950 - 1963
2 2 2
Yes Yes Yes
2 2 2
3 2 3
5 4 4
8 6 7
Yes No No
Minimal Well sealed Well sealed
Minimal Well Sealed Minimal
Sash UPVC UPVC
Single Double Double
Pitched Pitched Pitched
0 150 150
Stone Cavity Cavity
0 0 0
0 0 0
No No No
Qil (28 sec) Anthracite Nuts Anthracite Nut
Boiler system Boiler system Boiler system
(oil) (solid) (solid)
More Than 15 More Than 15
Years Years 8-15 Year
Electric None Closed Fire
Oil (28 sec) Anthracite Nuts Anthracite Nut
From boiler Coal fired kitchen From boiler
range
None None 25%

£10,000 - £15,00(

£20,000 - £30,0

00 £10,000 - &b

£1,900

£1,360

£1,670

Table4.4: Characteristics of each scenario obtained fronstineey
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4.2.3.1 Scenariol: Pre 1918 detached dwelling with two occupants

Figure4.9: Pre 1918 detached dweIIirIlsg?]

This scenario has the following characteristics:

- Walls: For dwellings of this period the walls araditional sandstone (or granite)
dwellings with solid walls, stone thickness typigabOOmm with internal lath and
plaster finish3*!

- Roofs: According to the survey, most of the dweliirhave pitched roofs. Some have
insulation, but since one of the aims of the projedo tackle fuel poverty, the worse
case, which is with no insulation, will be consietgr

- Floors: Since the dwelling is detached, the U-vakmds to be higher in detached
dwellings?®®

- Windows: From the survey, it can be seen that g scenario the windows are
predominantly single glazing.

U-value

(W/m?K)
Walls 1.7
Roofs 1.6
Floors 0.8
Windows 4.8

Table4.5: U-values for Scenariolf
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4.2.3.2 Scenarioll: 1930-1949 semi-detached dwelling with two occupants

Figure 4.10: 1930-1949 semi-detached dwellitig

This scenario has the following characteristics:

Walls: For dwellings of this period the walls aravity walls involving bricks and
blocks with external render, but predominantly tlaeg made of timber or concrete
based, with smaller numbers of metal-framed dwgdli#¥! However, the houses from

this group where the survey was carried are atlepifor one, cavity walls.

Roofs: According to the survey, all the dwellingsm this group where the data is
available have pitched roofs. Some have insulabah since we are aiming to tackle

fuel poverty, the worse case, which is with no lagan, will be considered.

Floors: Since the dwelling is semi-detached, theallie is less than detached
dwellings.**

Windows: From the survey, it can be seen that liig scenario the windows are

predominantly double glazing.

U-value
(W/m?K)

Walls 1.7
Roofs 1.6
Floors 0.6
Windows 3.1

Table4.6: U-values for Scenario If*
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4.2.3.3 Scenariolll: 1950-1963 semi-detached dwelling with two occupants

Figure4.11: 1950-1963 semi-detached dwelliﬁ&]
This scenario has the following characteristics:

- Walls: For dwellings of this period the walls are-imes concrete or cavity walls.
But predominantly tower blocks typically 25mm EP&wvieeen system build double
concrete panels involving bricks and blocks witheexal rendeP® However, the
houses from this group where the survey was caaredall, except for two, cavity

walls.

- Roofs: According to the survey, all the dwellingsmh these scenarios where the data
is available have pitched roofs. For this periba, thickness of the roof had to me at
least 12mni?!!

- Floors: Since the dwelling is semi-detached, thevallie is less than detached
dwellings!?Y

- Windows: From the survey, it can be seen thatlies¢ scenarios the windows are
predominantly double glazing.

U-value

(W/m?K)
Walls 1.7
Roofs 1.1
Floors 0.6
Windows 3.1

Table4.7: U-values for Scenario IIfY
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5. ASSESSMENT OF ENERGY EFFICIENCY SOLUTIONS

5.1 Methodology

Data Analysis

For each scenario:
Evaluation of
Results from

Previous solutions

(insulation)

Comparison of
previous
Impacts in each
scenario

Assessment of more
energy efficiency solutions
applied to each scenario.

Evaluation of

impacts of applying this
further solutions

Figure5.1: Methodology for EES

The data was assessed through a software that xpéaireed previously: NHER Site
Assessor (done by a subcontractor) and throughuledilcns based on energy

assumptions which will be explained in the nextisec

5.2 Algorithm

Initially the software NHER Auto Evaluator was usadrder to recommend some basic
EES. Nevertheless, since this software is notlaai for free use and because the
output was limited to insulation parameters, soaréhér assessment will be carried out
by information gathered from different best praetipiides available on the internet. Itis
important to note that the software is not restddo these results, but the level 0 scheme

limited the questions and the output.
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Information regarding C®emissions, costs of EES and energy savings witidbeulated

combining information from the survey as well aadlenarks.

The analysis is done in a simple spreadsheet Wwehvalues displayed in the tables in

section 3.1 and Appendix 2.

The equations and calculations used to find theltesre explained in the following

paragraphs:

Current energy use (data from survey)
Qi= Ui AAT (2)
New energy use
Q=U, AAT (2)

WhereU;= existing U value, and,=improved U value
Since it is the same room, the area and the diféeereof temperature will not change,
from (1) and (2) the energy use considering theawvgment will be:

-g 2
Q% =Q

1

Annual energy saving 1 — Q [ kWh]
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The values for U depend on the Age BaHdlue to the building regulations, some values
that were used for the calculation of the improvets@are showed in the next table, and
are based on tables in section 3.1.1. and sectid®%:

Existing U valuelJ;

2 Improved U value
(comgo;g\éatl):iz;gg?rdmg EES (current regulation)[36]
Scenario| Scenario | Scenario For all scenarios
| 1] 11
- 1.7 1.7 Walls Cavity wall !nsulat!on 0.3
1.7 - - Internal wall insulation
0.8 0.6 0.6 Floor Floor insulation 0.25
1.6 1.6 1.1 Roofs Roof insulation 0.25
48 3.1 3.1 Windows | Vindows, doors and 2.2
roof lights

The capital costs for each EES and the, 8&vings are showed in tables in section 3.1.1
and Appendix 2 according to the type of dwellingd duilt form.

The cost saving is the annual energy saving tiesost of electricity. Assuming that
the electricity cost is 0.02 £/kWh (data from tht!

Annual cost saving = — @) 0.02 [£]
The payback period was explained in section 3.1.2.

CapitalCos

Payback= ———
AnnualSavig

[years]

The amount of money spent for tonnes of,G@ved is simply the relationship between
capital cost and C{savings:

CapitalCos

£spent'tonnesCQ, saved= :
CO,savings

5.3 Evaluation

The data collected from the survey was evaluated bybcontractor through the NHER
Auto Evaluator software Level 0. The software peses the data gathered in order to get
some basic information related to energy demandhefdwelling. The information
obtained is shown in Table 5.1.

=46 -



Energy Rating 2.09 3.39 3.31
CO, Tonnes per year 22.23 9.57 10.18
Running Cost £ 1,619 687 748
Total Energy Use kWh 76,505.56 | 29,272.22 31,266.67
Primary Heating Use kWh 57,869.44 22,361.11 19,655.56
Hot Water Energy Use kWh 7,213.89 3,888.89 5,922.22
Lights and Appliance Energy Use kWh 7,563.89 3,022.22 3,686.11
Primary Heating Cost £ 2,060.15 491.94 432.42
Hot Water Energy Cost £ 256.81 85.56 130.29
Lights and Appliance Energy Cost £ 822.28 354.49 422.87
Total Energy Cost £ 3,536.66 931.99 1,028.64

Table5.1: Energy data of the dwelling from the simulation

As it can be seen, the dwellings from the threenades have a low NHER rating,
between 2.09 and 3.39, which means they are emeefficient households.

Currently, some measures have been already apgplige dwelling in the communities.
These measures include wall and loft insulation ttughe cost effectiveness of the
solutions (see Section 3.1.1.1). The walls haenbi#led with glasswool, also known as
Supafil, whereas the loft insulation is supergiagseral wool.

In the case of the Scenarios studied in this ptojee EES already applied are:
Scenario I: Loft insulation
Scenario II: Cavity wall insulation
Scenario lll: Cavity wall insulation and Loft insion

The NHER Auto Evaluator also gives the same infdiomafor energy use in order to

after cavity wall and/or loft insulation were amuli These new figures are shown in
Table 5.2.

All these values were automatically generated gy gbftware, no further calculations
were done.
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Scenario
Il

Scenario Scenario
I I

New Energy Rating 3.06 5.94 5.55
New CQ Tonnes per year 17.68 6.12 6.79
New Running Cost £ 1,360 498 571
New Fuel Saving 259 189 177
New Carbon Saving 4.55 3.45 3.39
New % Cost Saving 0.16 0.28 0.24
New Total Energy Use kWh 60,208.33 18,144.44 20,636.11
New Primary Heating Use kWh 42,605.56 11,252.78 10,025.0(
New Hot Water Energy Use kWh 7,213.89 3,888.89 5,922.22
New Lights and Appliance Energy Use k\W | @-Y:Yavy] 3,002.78 3,666.67
New Primary Heating Cost £ 1,516.76 247.56 220.55
New Hot Water Energy Cost £ 256.81 85.56 130.29
New Lights and Appliance Energy Cost £ 820.56 352.49 420.87
New Total Energy Cost £ 2,886.83 685.60 793.68
Total Saving £ 649.83 246.39 234.96

Table5.2: Energy data of the dwelling from the simulatioreafEES

Only with those two EES, the energy rating has owpd for all the scenarios, improving
the NHER rating from about 3.06 — 5.94, values the¢ between the averages
households, according to the NHER scale. The ceshwings is also significant: around

3.5 tonnes per year.

From these figures, some comparisons between sogran be done graphically.
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Energy Usein all the scenarios
before and after applying insulation

90,000

80,000 -

70,000 A

60,000 -

50,000 -

kwWh

40,000 -

30,000 4

20,000 A

10,000 -

Total Energy Use Primary Heating Us Hot Water Enéige Lights and Appliance
Energy Use

\ M Before Insulatio W After Insulatior \

Figure5.2: Comparison of energy use before and after initighsures were taken

As it can be seen in the graph, there has beemsidavable saving after applying cavity
and loft insulation to the dwellings in all the sagos, in some cases, the energy use has
decreased by 50%. Only the Hot Water Energy Usendidshow an improvement after
the measures, due to the fact that the softwanareessthat hot water is independent of

cavity wall or loft insulation.

The following graph shows the cost effects of thgulation measures that have already

been applied in the communities for each scenario.
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Costsin all the scenarios
before and after applying insulation
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Figure5.3: Comparison of costs before and after initial meeswvere taken

As it can be seen, the same effect in costs asargg use is shown: there are significant
cost savings related to primary heating costs] &targy costs, running costs, and in a
smaller scale in lights and appliances costs, Iplyapy cavity and loft insulation to the

dwellings in all the scenarios. Like it was men#d in the last paragraph, hot water use

does not depend on insulation; therefore, no @shgs are expected for this item.

Further EES can be applied considering each caseaso, measures that were not
considered by the NHER Auto Evaluator — Level Ot that can be assessed through
benchmarks of each type of house and following pesttice guides for Energy Efficient

Households.

The following sections will consider the rest oethommon EES described in section

3.1.1, since insulation was already assessed byiiteR scheme.
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5311 Scenariol

It is expected for buildings from this age bandh&we already loft insulation (50-80mm),
the addition of a new boiler and radiators, fulpartial double glazing, draught proofing,
new appliances and some low energy lighting. Tlaegktions will reduce bills and GO
emissions but the energy efficiency would not baaithe current standards. Therefore,
some appropriate improvements are: Specify a nemdextsing boiler, improve the
heating and hot water controls, hot water cylindewell insulated, add more insulation,

install low energy lighting, use appliances wittergy saving labef”

In Table 4.4 it can be seen that this scenariorhast of the specifications mentioned in
the last paragraph: a condensing oil boiler, hgatontrols, cylinder insulation, and wall
insulation, including the loft insulation that wadded after the survey. However, the

dwelling does not have low energy lighting and ¢hisrno information about appliances.

In the following paragraphs, every common EES Wl briefly mentioned, but the cost

analysis and the environmental impact analysistvéltione in Section 5.4.1:

5.3.1.1.1 Insulation

Wall: Cavity wall insulation could not be applied this scenario, since the walls are
solid stone walls. Therefore, the option is betwepplying external or internal wall

insulation. As it was mentioned in section 3.12,.the main advantage of external wall
insulation is the reduction of running costs; is@limproves the air tightness of the
construction reducing draughts and minimizes heas.| A disadvantage of having
internal wall insulation is the reduction of spacéherefore, external wall insulation is

recommended.

Roof: One of the measures already applied to thenaio was the roof insulation

because its cost-effectiveness. The values fomtare already added in the first part.

Floor: Ground floor insulation is most effective fitetached houses because most heat is
lost along the perimeter of the flo8¥. Therefore, this would decrease the energy use of

the household while increasing the comfort of tbeupants. Since there is no existing
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floor insulation at all, the effects are even biggeNevertheless, the cost for floor

insulation is high and their effect will be shownthe results analysis section.

5.3.1.1.2 Windows

In this case, the solution to apply is obvious: lWewglazing. This option it is not as cost
effective as insulation, since the energy savingsrot as big, but it is a good option

whenever other measures are being carried out. T&de 3.1)

Since the survey showed that the draught strippiag minimal, so it should be consider

since it is inexpensive and a good way to redues loss.

5.3.1.1.3 Ventilation

Unfortunately, because it was a NHER level O assessthe survey did not include data

for ventilation.

Providing controllable ventilation, via ventilatiosystems such as extract fans, is
essential to maintain healthy living conditions. peading on the type of dwelling,
approximately 16 to 20 per cent of total heat issthrough uncontrolled ventilation like
gaps and cracks in the building fabric and aroundrly fitting service pipes. Any
uncontrolled ventilation can be dealt with by cargy out draught-proofing, sealing
unwanted gaps and cracks around services, andfdreeneducing any unwanted air
leakagd®” Therefore, the EES mentioned in section 3.1.1@ushbe applied: sealing
chimneys, windows and doors, loft hatch and insiglextract fans: draught-stripping

measures.

5.3.1.1.4 Lighting and Appliances

This scenario does not have any low-cost lightiagd the survey does not provide
further information about appliances. Thereforew-energy lighting and efficient
appliances should be applied.

5.3.1.2 Scenarioll

It is expected for buildings from this age bandhtwve loft insulation, the addition of a

new boiler and radiators, full or partial doublazjhg, draught proofing, new appliances
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and some low energy lighting. These additions vatluce bills and COemissions but
the energy efficiency would not be up to the currstandards. Therefore, some
appropriate improvements are: add more insulatiostall low energy lighting, use

appliances with energy saving laf8l.

In Table 4.4 it can be seen that this scenariorhast of the specifications mentioned in
the last paragraph. However, the dwelling doeshagt low energy lighting and there is

no information about appliances.

In the following paragraphs, some common EES wellbbiefly mentioned, and the cost

analysis and the environmental impact analysistvaltione in Section 5.4.2:

5.3.1.2.1 Insulation

Wall: Cavity wall insulation was already appliee@piously as part as the project.
Roof: This scenario considers the existence ofifsftilation.

Floor: Ground floor decreases the energy use ofhihiesehold while increasing the
comfort of the occupants. Since there is no exgstioor insulation at all, the effects are
even bigger.

5.3.1.2.2 Windows

This scenario considers the existence of doublargia
Draught stripping is inexpensive and a good wangthice heat loss.

5.3.1.2.3 Ventilation

Unfortunately, because it was a NHER level 0 assessthe survey did not include data

for ventilation.

Providing controllable ventilation, via ventilatiosystems such as extract fans, is
essential to maintain healthy living conditions. peading on the type of dwelling,
approximately 16 to 20 per cent of total heat isshrough uncontrolled ventilation like

gaps and cracks in the building fabric and arouodrly fitting service pipes. Any
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uncontrolled ventilation can be dealt with by cargy out draught-proofing, sealing
unwanted gaps and cracks around services, andfdrereducing any unwanted air
leakagd®” Therefore, the EES mentioned in section 3.1.1@ushbe applied: sealing

chimneys, windows and doors, loft hatch and insigéxtract fans.

5.3.1.2.4 Lighting and Appliances

There are no lighting measures in this scenarid,tha survey does not provide further
information about appliances. Therefore, low-egdighting and efficient appliances

should be applied.

5.3.1.3 Scenariolll
The original construction consists on cavity brisklls, waterproofing render timber

roof, boards and felt under concrete tiles, metabew frames, and timber floors.

It is expected that this type of buildings haverded from the original in different ways:
timber windows, single glazed, electric storageérsaelectric immersion heater (usually

during the 1980’s) and roof insulation

In Table 4.4 it can be seen that this scenariorhast of the specifications mentioned in
the last paragraph. However, the dwelling only d&lasut 25% of low energy lighting and

there is no information about appliances.

In the following paragraphs, some common EES wellbbiefly mentioned, and the cost

analysis and the environmental impact analysistvaltione in Section 5.4.3:

5.3.1.3.1 Insulation

Wall: Cavity wall insulation was already appliee@piously as part as the project.
Roof: Loft insulation was already applied previgua$ part as the project.

Floor: Ground floor decreases the energy use ofhihiesehold while increasing the
comfort of the occupants. Since there is no exgstioor insulation at all, the effects are

even bigger.
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5.3.1.3.2 Windows

This scenario considers the existence of doublargia

Nevertheless, it shows a minimal draught strippmgoors. This is inexpensive and a

good way to reduce heat loss.

5.3.1.3.3 Ventilation

Unfortunately, because it was a NHER level O assessthe survey did not include data

for ventilation.

Providing controllable ventilation, via ventilatiosystems such as extract fans, is
essential to maintain healthy living conditions. peading on the type of dwelling,
approximately 16 to 20 per cent of total heat igsthrough uncontrolled ventilation like
gaps and cracks in the building fabric and aroundrly fitting service pipes. Any
uncontrolled ventilation can be dealt with by cargy out draught-proofing, sealing
unwanted gaps and cracks around services, andfdrereducing any unwanted air
leakagd®” Therefore, the EES mentioned in section 3.1.1@ushbe applied: sealing

chimneys, windows and doors, loft hatch and insigéxtract fans.

5.3.1.34 Lighting and Appliances

Only 25% of the lighting is low-energy in this seeio, and the survey does not provide
further information about appliances. Thereforerenlow-energy lighting and efficient

appliances should be applied.

5.4 Economical and Environmental | mpacts

All the costs are taken from figures given by theeky Saving Trust, the Department of
Transport and from different sources that wereaalyadiscussed in section 3. The tables
take the capital costs for each EES applied alarech is the worst case scenario;
therefore, if many EES are taken at the same together (See opportunities in Table

3.1) the costs would me less.
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Applying the values discussed in section 3 andctis effects found in Appendix 2, the

EES described in section 5.3.1.1, and following ghecedure explained in Section 5.2,

the following tables were obtained:

EES

Int. Wall insulation
Floor insulation
Double Glazing
Ventilation

Lighting (8 x lamps)

EES

Floor insulation
Ventilation

Lighting (8 x lamps)

EES

Floor insulation

Ventilation

Lighting (6 x lamps)

Cost
savings
£lyear

Payback
period
years

CO;
Savings
tonnelyear

£ spent for
tonnes of
CO, saved

10,625.00
1,566 18,815.10 376.30 4.16 0.9 1,740
3,052 27,595.48 551.91 5.53 0.3 10,760
599 9,031.25 180.62 3.32 0.5 1,198
30 832.03 16.64 1.80 0.1 1,200

Tableb5.3: EES Costs and C&missions for Scenario |

Annual

kWh

Ener Cost
ray savings
Savings £lyear

Payback
period
years

CO,
Savings
tonnelyear

£ spent for
tonnes of
COZ saved

1,566 5,670.14 113.40 13.81 0.9 1,740
599 2,721.67 54.43 11.00 0.5 1,198
30 332.44 6.65 451 0.1 1,200

Tableb5.4: EES Costs and C&@missions for Scenario |l

Annual

Energy

Savings
kWh

6,448.78

Cost

savings

£lyear

Payback
period
years

CO,
Savings
tonne/year

£ spent for
tonnes of
CO, saved

599 3,095.42

61.91

9.68

0.5

1,198

45 405.47

8.11

5.55

0.1

1,200

Tableb5.5: EES Costs and C@missions for Scenatrio Il
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5.5 ResultsAnalysis

The tables in section 5.4 are considering the ingameents as independent measures,
which mean that each of the EES is applied onetamea If the EES are all applied at
once, the total cost would be less than the suthe@fEES all together because of the
opportunities explained in Table 3.1. Similarlye tenergy savings would be different to
the sum of the independent EES. This is due ttergifit factors, like the kind of
dwelling. An explanation for this is that some wtmns will not be suitable if other

measures are carried out previously. The evaluditas been done in three stages:
- Information from the survey
- NHER Auto Evaluator analysis with EES already agupli

- Analysis of further EES based on benchmarks aral giathered from the Best

Practice guides

Beforean After applying After EES
y insulation (as part of = recommended
EES : .
project) are applied
Scenario 2.09 3.06 N/A
Energy Rating Scenario || 3.39 5.94 N/A
Scenario || 3.31 5.55 N/A
_ Scenario | 22.23 17.68 11.38
Emissions
CO, tonnes per Scenario |l 9.57 6.12 4.62
- Scenario 1 10.18 6.79 5.29
Scenario | 76,505.56 60,208.33 40,830.56
Total Energy Use
Scenario |l 29,272.22 18,144.44 15,332.08
kWh
Scenariolll 31,266.67 20,636.11 15,384.11
Scenario 3,536.66 2,886.83 2,135.23
Total Costs
Scenario |l 931.99 685.60 406.79
£
Scenario |l 1,028.64 793.68 476.03

Table5.6: Summary of emissions, costs and energy use ofstario
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The first EES that have already been applied indtlellings of the communities as part

of the project show an increase of the energygatin

The results showed that after those measures #rgyerating increased; however, this is
still far from being a very energy efficient hous€herefore, more EES can be applied,
but this means that more money should be investgtdas any good investment it will

give a return in energy savings and low carbon gionis, and it will take some period to

pay back.

It can also clearly be seen that the second saeisatihe most energy efficient, therefore
the emissions are lower and the energy consumjggm Furthermore, the need of less

EES to be applied lower the cost of maintenandbeawelling.

Finally, the results show that the effect of baSES in less efficient houses is greater
than the houses that are more energy efficientetbee, the more efficient the house the
less impact of EES.
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6. ASSESSMENT OF RENEWABLE ELECTRICITY GENERATION

Past experiences in Scotland have shown that comyriREG is not the best approach.
Therefore, the Energy Agency has considered thafptbject should continue funding
only households that want to apply to a REG, antdapplying a single community

project.

The next step for this project is to send a questire explaining the approach for this

new phase:

- Whoever wants to be part of this funding will hate be aware that it is not

completely free.

- There will be an extra 10% funding in case the awdexides to apply to solar water

heating program.

6.1 Methodology

When applying new and renewable energy technologegxisting dwellings it is
important to reduce the energy demand. Older, retipusly improved, dwellings rarely
have adequate levels of insulation. Heating systeften have high output and poor
efficiency. There will probably be conventional ahc lighting (i.e. with tungsten
lamps) and older electrical appliances. All of #héactors can raise the electric power
demand of older dwellings to levels that renewadsiergy systems may not be able to
meet. Improving energy efficiency is therefore @sgly recommended precursor to the
installation of renewable energy systems. Enerdigieficy should be improved on a

‘whole house’ basis wherever possible, includfil:

Insulation.

- Reduced thermal bridging.
- Improved air-tightness.

- Controlled ventilation.

- Efficient lighting and appliances.
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Once these measures have been already assessiuh(5¢dhe demand load profile

should be plotted. With this data, plus the weatia¢a the simulation can be executed.

Gather data for energy
consumption once the energy
efficient solutions have been
applied

Plot the energy load
profiles for each
scenario

Gather information related to sizes and
prices of equipment available in the UK
market to be used as input in the
software

Simulate in
HOMER

Summarize and analyse the
impacts of the optimized
solutions given by the
simulator

Figure6.1: Methodology for REG

6.2 Algorithm

In order to assess the data, the software calleMER (see section 3.4.1) will be used.
This software simulates the best combination ofdnand solar technologies. All data for
these components is considered, including climatea.dlherefore, the results will only
include these two technologies. This specific comiion of REG presents many
benefits.. Moreover with the use of the appropreiiliary systems like batteries you
can store energy which will be useful in compemgpelectrical demands used by the
house for periods where there is no sun or windalFi, it is economically sound and

advantageous to use non finite resources, i.ex anthwind (hybrid).
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- Photovoltaics are ideal for use in rural environtedsecause electricity is generated
at the point of use; energy loss and costs assacwith transmission and distribution

are avoided. The capital cost of installing thesestesns however, can be

prohibitive

- The UK has the largest potential wind resource iorthrern Europe, with
approximately 40 per cent of the total supply alaé. Nevertheless, wind data
resource on site for each dwelling is impossiblegéd, since the area is wide and
dispersed. For the particular case of this studiynd data from Prestwick is

considered.
The main data input that for this software is:
- Demand Load Profile
- Climate Data: Solar and Wind resources)
- Components: PV, Wind Turbine, Generator, Batt€gnverter
- Constraints

6.2.1 Demand Load Profile

The energy demand profile is vital in order to gudee an accurate sizing in the demand
supply balance analysis. Currently, the majority REG schemes are based on the
typical-national demand profile. This can produdiecent types of problems, such as

over sizing, or insufficient supply to cover thadbin the case of under sizing. Therefore,

it is important to take into account different saeas considering the difference in:

- House Stock
- Occupancy level
- Occupant behavior

Thus, the demand profile should reflect the enéwgyl of the dwelling.
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The energy demand plus the carbon emissions ofedlidg/can be calculated in different
ways, such as energy bills, national annual averamssumption or by modelling
tools{?*!

- Energy bills: Simply sum up all the monthly electty and gas bills of the
household&™ This approach will not be possible, because nahaldwellings were

able to give that information to the surveyors.

- National Annual Average Energy Consumption: In #iesence of energy bills, a
rough estimation of current demand and carbon éomisscan be made using the

national annual average energy consumpfin.

Total domestic energy consumption per househoBBD7KWH!

Total domestic energy consumption per capita 114165

This approach is inaccurate in the sense thatnsiders all the dwellings the same,
and it is usually used when there is not any infdfam available, which is not true in
this case.

- Modelling the energy load profile: The data coléetin the survey can be processed
in different ways. There are some tools and sofivildat give an accurate estimation

of the energy demand. However, this software tsamailable for common users.

One of the options explored was the use of a sphesd developed by the Demand
Side Management group from the MSc Energy Systenusthe Environmefff!
based on a paper called “A method of formulatingrgn load profile for domestic
buildings in the UK This method will be explained in the following fens,

since it will be the one to be used.

Method of generating domestic load profile

The use pattern varies depending on the differaatofs, such as climate, household
composition, family income, culture background, amgman factor, etc. In order to

produce a domestic load profile which takes inteoaat various factors, a cluster

-62 -



analysis method has been applied. The energy depsmnbtle categorized into two types
of determinants: To model appliance energy-consiamgrofile for a typical household,
the information of daily usage of each applianceneeded. That is daily energy-

consumption for each appliance, ownership of epgtiance, and occupied peridtf’

The calculation of daily energy-consumption of eappliance can use the following

equation**!
E.=Nx> A

Where E is the daily delivered appliances energy conswnptf household, N

number of occupants, and A the appliaiide.

‘Aﬁ'. . .‘An‘

|§~Iame of Appliance |4‘ Al ‘ (A2
ey | ] [E] [

- i &=

Random Number
Generator

DRI
[Aegregation
Specific Daily l
Appliance Profile Psi ‘

Figure6.2: Framework of generating electrical load proﬁ‘ﬁé

Random Profiles

The aggregation of all appliances’ random profike generate a daily electric
appliances load profile for a stated scenario. Tinile is called Specific Profile
because it is relevant to a specific occupancy aot@nFor each scenario, the daily

load profile can be different from day to day amclpy!**!

The framework showed in Figure 6.2 can be simulated spreadsheet. As it was
mentioned before, the spreadsheet developed Hyaheand Side Management group

from the MSc Energy Systems and the Environfiéniill be used, assuming
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national data f since the survey does not includierimation about appliances for the

dwellings in the community.

For the case of Heating Load, the framework usé¢lde®ne showed in Figure 6.3.

profe 0] [P2] [Pes] [Pwd] [pus] [pes]
of Flowehad (] [w2] [x3] [w4] [ns] [m6]

Aggregation

National Profile | PA

Figure6.3: Framework of generating heating load proﬁ%

Load profile for space heating depends on the mmgldhermal characteristics,
orientation, internal temperature, local climate,. eThe equation that illustrates the

simulation is:

ciT-o

heat/ cool
dt

+P +@

vent solar sp

+P +@

cond

C is the thermal capacity of the stated no8ligsavcooithe auxiliary heating/cooling
energy of the roonP.nq the conductive heat transfer through the buildngelope
(wall and window);®.en: the ventilation heat transfer through the buildiggs the
solar gain®sp the internal gain from electrical lighting, peopled appliance. Most
of these data has to be assumed considering tieeofypuilding and the age band of

the building, the characteristics are part of titeriactive tool* to be used.

6.2.1.1 Scenariol

Winter season was considered in order to obtairetieegy load profile as the worst case

scenario. Nevertheless, the data used to plotréqghg and data for the summer season is

in Appendix 4.
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Figure 6.5: Heating load profile Scenario |
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6.2.1.2 Scenarioll

Winter season was considered in order to obtairetieegy load profile as the worst case

scenario. Nevertheless, the data used to plotrdqghg and data for the summer season is

in Appendix 4.
Electrical L oad Profile
Scenario Il
0.9000
0.8000
0.7000
0.6000
0.5000
2
=4
0.4000-
0.3000-
0.2000-
0.1000-
0.0000-
S S & O & & S P & & &S S &S S & ® & & )
E MRS SRR SN S S AP M M L IR N LN LA L\ SN LN LB\ NN YN Y N (RN NN SR MR
ST IS FEE RN APPSR P S PP
Hour

Figure 6.6: Electrical load profile Scenario Il
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Heating L oad Profile
Scenarioll

6.0

5.01

4.0

3.0

kW

2.01

1.01

0.0
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Hours

Q Q Q
DD S
S G

Figure6.7. Heating load profile Scenario Il

6.2.1.3 Scenariolll

Winter season was considered in order to obtairetieegy load profile as the worst case
scenario. Nevertheless, the data used to plotrdqghg and data for the summer season is

in Appendix 4.
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Electrical Load Profile
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Figure 6.8: Electrical load profile Scenario Il
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Figure 6.9: Heating load profile Scenario Il
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6.3 Simulation

As it was mentioned previously, before applying &G the total energy requirements
(for space heating, hot water and electricity) $thoalways be reduced as much as
possible. Therefore, for the simulations the taakrgy use after EES are taken is
considered. This data is displayed in Section bable 5.6.

7
Y i d
Remate Load
A
Generator Generic

b }4—»

Converter H@
B attemy
AC oC

Figure 6.10: Homer model to be simulated

The model used for the simulations in HOMER is shdw Figure 6.10. It is fairly
simple, and the components considered are: PV, ggaakric wind turbine, batteries,
converters, and a generator. The generator hlas tsed due to the security the supply,
since PV and wind energy depend on many factotsctranot be controlled. Therefore,
a generator has to be added to the configuratibwraise it will not run, unless all the

demand is covered by REG, which is not the ainhefdroject.

The main data used to run the simulations and mssumptions for all the components

are shown in the following table:

The option of adding noise to the simulations wdded: the daily and hourly noise
inputs allow adding randomness to the load dataake it more realistic. The software
recommends a value of 20% daily and 15% hourly.

The costs for the equipment were obtained fromedbffit dealers in the UK in the

internet.
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Demand Load
Profile

Electrical Demand
profiles

The data is available in Appendix 4

Climate Data

Solar resource

The data is available in Appendix 3

Wind resource

The data is available in Appendix 3

Components

PV 55W, 110W and 125W *
Wind Turbine 1kW and 3kW*
Generator 3.2 kW, 230V, Natural
Fuel: Natural Gas (price 0.0313£/kWh)
Battery 12v 110 Ah and 200 Ah
Converter 4A, 1.2 kwW

* Available in the UK market: www.energyenv.co.uk

Table6.1: General data used for all the HOMER simulations

The generator that is part of this system can besidered as power generated by the

grid, since it is going to give the electricity dee when the climate conditions are not

given for the components to generate electricity.

6.3.1.1 Scenariol

The profile that is actually used for the simulatie the one shown in Figure 6.10, which

is generated automatically by the software addwigenand making it more realistic.
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Figure6.11: Demand Load Profile with noise Scenario |

For this scenario 630 simulations were done fos&3sitivity cases. Once the simulation
is done, the program gives a table of results. rékalts are displayed in the window like
the one showed in Figure 6.12:

Sensitivity Results  Optimization Results l

Senzitivity variables

Wind Speed [mds] | 7 * | OR Solar (%] |50 * | OR“Wind [%] |75 -

Diouble click on a system below for zsimulation rezultz,

" P [ER] G3 | Genl | Batt. | Core. Iritial Total COE | Ren. |Matural gas Genl
Ll & flw) [l) k) | Capital NPC  |@kwh| Frac. | (m3) | [hes)
232 M 24 $6.210 $18.980 033 096 238 273

0110 232 M 24 $ 6512 $19887 033 098 2% 270

B 1z 4 24 $1.110 $31672 0534 000 2024 1960

¥ SEE oo a2 4 24 $1512 $32198 0543 001 1957 1924
3 32 24 $6.210 $E3535  1.072 085 209 4177

0110 3 32 24 $ 6512 $63804 1.077 086 2059 4118

0125 32 1.2 $1238  $M1M713 1977 001 4376 8512

32 12 $E60 3117835 1.989 000 4445 8760

Figure6.12: Simulation output for 7 m/s for wind speed for Saém |

Refer to Appendix 5 for all the sensitivity resuitsm the simulations.

-71-



Systemn Architecture: 2 Genernic kMW 2.4 kM Rectifier

3.2 kN Generator 1 Cycle Charging Tatal NPC: $ 26572
4 Vizion GFH 2000 Levelized COE: $ 0.448/kwh

2.4 kN Inwverter

Cost  Electical | Generic 3w | Generator 1 ] Eattery] Emizsions | Howrly D ata

Annual electical energy production Annual electnic loads served
Wind turbines: 4,867 kw'h o [BBX) AL primary load zerved: 4,635 Kwh
Generator 1 3940 Kw'ho [45%)
Total production: 8.801 kw'h Total load served: 4. 635 kwh
R enewable fraction: 0552 Excess electicity: 2812 Ewh  [32%)
Urrnet electric load: 00000227 kwh  [0%]
Capacity shortage: 0 kWh [0%]

Monthly Average Electric Production

1.4

= find

1.2 — 3anarator

_1in
=

=0z
gn.s

[
0.4

0.z

Figure 6.13; Simulation output for the electrical demand Scenhiri

For the first scenario, it can be seen that theasheims met mainly by the wind turbine.
55% of this demand is covered by a renewable sourbes is mainly because the
simulation considers two wind turbines. Compareth®other two scenarios, this is the

less efficient and with less renewable fraction.
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6.3.1.2 Scenarioll

1

Scaled data
= Baseline data

1 " 2 " 3 " ] T 5 " 3 " 7

Figure 6.14: Demand Load Profile with noise Scenario |l

For this scenario 630 simulations were done fos&3sitivity cases. Once the simulation
is done, the program gives a table of results. rékalts are displayed in the window like

the one showed in Figure 6.15:

Sensitivity Results  Optimization Results l

Senzitivity variables

*ind Speed [m/s] | 7 * | OR Solar[%] )50 | ORWind[%)|75 hd

Dauble click an a system below for zimulation results.

7 P G1 G3 | Genl | Batt. | Core. Inikial Total COE | Ren. |Yatural gag Genl

F| 4| @ (k) (ki) (k) | Capial MPC [$wh)| Frac. | m3) | [tes)
Aa 132 4 24 $2.910 $14847 03 081 BIE  E22
FLsaE oo 132 4 24 $3312 $15.990 0353 082 615 523
(wc)E! 32 4 24 $1.110 $25.281 0572 000 1559 151

F SEE oo 32 4 24 $1512 $25.775 0883 002 1520 1473
Al 33z 1.2 $ B.0E0 $57450 1.299 087 1854 3782
L 0110 3 a2 1.2 $ 6462 $57.584 1302 087 1823 3713
¥ 0125 32 1.2 $1.235 $112740 2543 oM 4052 8287
) 3.2 1.2 $660 $1177EF 2662 000 4268 8760

Figure 6.15: Simulation output for 7 m/s for wind speed for Smém I

Refer to Appendix 5 for all the sensitivity resuitsm the simulations.
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Syetem Architecture: 2 Genenic kW 2.4 kv Rectifier

3.2 kN Generator 1 Cycle Charging Tatal MPC: % 20,375
4 \figion EFM2000 Levelized COE: § 0.474/&MWh
2.4 kM [nverter

Cost Electiical | Generc 3kw | Generator 1 ] Eattef_l,l] Emizzions | Hourly Data

Annual electrical energy production Annual electric loadz zerved

Wwind turbines: 4,861 kK\wWh  [R4E] AL primarny load zerved: 3460 Kwih

Generator 1: 2,755 Ewh  [36%]

Total production: 7.616 kwh Total load zerved: 3. 460 KWh

Renewahble fraction: [.638 Excezs electiciby: 3092 Kwh o [41%)
Unmet electrc load: 0000018 kKwh - [0%]
Capacity shortage: 0kwh (0]

Monthly Average Electric Production

_-.
™

= find
w— Generator 1

-
[}

=

Porer [ kW)
o o
s

=
ba

0.0

Jdan Feb Mar Apr May Jun  Jul Aug Sep Oct Mow Dec
Figure 6.16: Simulation output for the electrical demand ScenHri

For the second scenario, it can be seen that thamttis met mainly by the wind turbine.

Almost 64% of this demand is covered by a renewabl&ce. This is mainly because
this scenario considers two wind turbines.
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6.3.1.3 Scenariolll

1.0

Scaled data
= Bazeling deta

T ———

Power (kW)
——

| JAL ‘

1 2 3 4 6 7

Figure6.17: Demand Load Profile with noise Scenario Il

For this scenario 630 simulations were done fos&3sitivity cases. Once the simulation
is done, the program gives a table of results. rékalts are displayed in the window like

the one showed in Figure 6.18:

Sensitivity Fesults - Optimization Resulks l
Senzitivity variables
wind Speed (mrz) |7 | OR Solar (%] |50 | ORwind (%) |75 hd
Diouble click on a syztem below for simulation results,
& P G1 53 | Genl | Batt. | Conw. Iitial Tatal COE | Ren. |Yatural gag Genl
’ ’L‘ (& ] (] ] Capital HPC [$/k0wh)| Frac. [m3] [hrg)
A\C{} 1 32 ! 24 $2.910 $14843 033 0.8 E1E  B23
*A\CB (=1 0110 1 32 4 24 $3.312 $15909 0353 Q.82 16 EB24
t{-} i&] 3z 4 24 $1.110 $26420 0574 0.00 1865 1520
F  SBEE o 32 4 24 $1512 $25007 0583 002 1521 1475
,LC{; 3 32 1.2 $ 6.060 $67RI7 1299 (.87 1,887 3787
’,LCB 0110 3 32 1.2 $ 6462 $57638 1302 087 1.828 3017
v CB 0125 32 1.2 $1.235 $112767 2547 0.0 4,083 8289
e 32 12 $ 660 $117.767 2660 0.00 4 268 87RO

Figure 6.18: Simulation output for 7 m/s for wind speed for Smém ||

Refer to Appendix 5 for all the sensitivity resuitsm the simulations.
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am Architecture: 1 Generic 3k 2.4 ki Rectifier

2.2 k' Generator 1 Cycle Charging Total NFC: $14.835
4 Yizion BEM200D Levelized COE: $ 0.335/wh
2.4 kNS | reverter
ost  Electical | Generic 3w | Generator 1 ] Battery ] Emigzions | Hourly Data
anual electrical energy production Annual electrc loads served
Wind turbine: 7987 Kwh o [B1E] AL primary load served: 3464 Wh
Generator 1; 1.826 KWwh [19%]
Total production: 9.807 kw'h Total load served: 3.464 KWh
Renewable fraction: 0814 Excess electricity: 5,378 KWwWh  [BEE)
Unmet electric load: 0.0000174 kwho (0]
Capacity shortage: 0kwh  [0%)]
1@ Monthly Average Electric Production

el LIl s}
- zenerator 1

1.2

1.0

=
=08

%D.B

o
0.4
0.2

0.0

Jdan  Feb Mar Apr May Jun  Jul Aug Sep Oct How Dec
Figure 6.19: Simulation output for the electrical demand ScenHri

The third scenario shows by far better results ti@nother two. 81% of the electrical
demand is covered by renewable energy, in this oageone wind turbine, therefore
reducing the emission in a higher rate.

6.4 Economical and Environmental | mpacts
6.4.1 Scenariol

The costs and emissions related to the optimum o@hbn of REG are shown in the
next graph and table. The highest cost is relaede 3.2 kW generator.
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System Architecture: 2 Generic kW 2.4 I Rectifier

3.2 kW Generator 1 Cycle Charging Total NPC: % 26,572
4 Vizion GFM 200D Lewelized COE: $ 0.448/kWh

2.4 kW Irverter
Cast lEIectlicaIl Generic kW | Generator 1 l Batter_l,.ll Emizzions | Hourly Data]
Capital + Repl: § 54340 O&M + Fuel £ 17,5360 Total Annualized: § 2,079/
“fingd
Generator 1
Battery

Corrverter

|ribial Annualized | Annualized Arnual Annual Total Cash Flow...
Companent Capital Capital  Replacement Db Fuel Annualized
[$] [$4pr) (B4 [$4yr) [$4pr) [$4pr)
Generic ki 3500 282 1 20 0.a N2
Generator 1 510 40 18 1.296 39.5 1.393
Battery 300 23 143 a0 oo 247
Corvwerter 300 23 3 100 na 126
Totalz 4,710 368 175 1.496 385 2079

Figure6.20: Costs for the optimized REG - Scenario |

Paollutznt Emizsons

Carbo dioside: 2540 lgfer
Carboa manoside: 806 kg
Unbumec hpdrocarbons: 0,945 kg
Particulate matter: 0645 kg
Sulfur dioside BV kafur
Mirogzn oxides: 6.4 kot

Table 6.2: Emissions for the optimized REG — Scenario |

6.4.2 Scenarioll

The costs and emissions related to the optimum c@tibn of REG are shown in the
next graph and table. The highest cost is relatéde 3.2 kW generator.
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Syztem Architecture; 2 Generic 3k 2.4 [ Rectifier

3.2 kW Generatar 1 Cycle Charging Tatal NPC: %20 975
4 Yizion BFM2000 Levelized COE: $0.474/MWh
2.4 kA |rverter

Cost lEIectrical] Generic EkW] Generator 1 ] Batter_l,l] Emiszsions | Hourly Data]
Capital + Repl.: 50340 Ok + Fuel $ 1,138 Tatal Annualized: $ 1,641

Wind
enerah:nr 1

Total annualized costs (the sum of the
= T

Initial Annualized | Annualized Annual Annual Tatal Cash Flow...
Component Capital Capital  |Replacement b4 Fuel Annualized
%] [$4vr) [$4wr] [$4wr] [$4vr) ()
Generic 3kiw 3,600 282 11 20 0.0 Mz
Generator 1 510 40 a 310 27EB 986
Battery 300 23 113 an 0.0 216
Converter 300 23 K] 100 0.0 126
Totals 4710 368 135 1.110 276 1.641

Figure 6.21: Costs for the optimized REG - Scenario |l

Folluant Emzzions

Larbon dioside: 1.4 kgdw
Larbon monos-ide; .49 kglw
Unburned bpdrocarbons: 0.664 kgix
Farticulatz matter, 0.452 kgiw
Sallun Jioside 47 hufm
Milroyer uxides, 030 kyfw

Table 6.3: Emissions for the optimized REG — Scenatrio Il

6.4.3 Scenariolll

The costs and emissions related to the optimum ow@tibn of REG are shown in the

next graph and table. The highest cost is relatéde 3.2 kW generator.
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=m Architecture: 1 Generic 3k
32 kW Generator 1
4 Wision BFM 200D
2.4 B\ lreverter

24 I Rectifier
Cycle Charging

ost lEIectlicaI] Generic 3kW | Generatar 1 l Batter_l,.ll Emizzsions | Hourly Data]
O&M + Fuel: $ 830/

Capital + Bepl.: $ 330/

Imitial Annualized | Annualized

Component Capital Capital  |Feplacement
[$] [B4vr) [$vr)

Generic 3kw 1.800 141 5

Generator 1 510 40 1
Batteny 300 23 94
Canverter 300 23 3
Tatals 2910 228 102

Total HPC: $14.835
Levelized COE: $ 0.335/KWh

Total Annualized: 1,161

‘i
Gererator 1 |Toka
B attery
Corveerter

Annual Anral Total Cazh Flow. .
Cdbd Fuel Annualized
() k2] ()
10 k] 156
E22 185 £81
20 0o 197
100 0o 126
212 185 1,161

Figure 6.22: Costs for the optimized REG - Scenario llI

Pallutant

Carbon doxide:

Carbon rronoside:
Inburned hydrocarbons:
Particulate matter:

Sulfur dicwide:

Hitrogen Jxides:

Emizzionz

1,788 kgdfw

4 kgdw
0443 kg
0302 kgdwr
314 kadw
B.7 kagiwr

Table 6.4: Emissions for the optimized REG — Scenario Il

6.5 ResultsAnalysis

The simulation output is very big and complex, d¢desng that it analyses all the

combinations for wind, PV, batteries, convertensg aenerator with the energy load

profile. There were 1,008 simulations for each ohthe 63 sensitivities.

Only a summary of the optimum results for each ohthe scenarios is displayed in the

next table. The cost includes a turbine that @milaile in the UK market at the lowest
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price, without taking into account installation ts It was assumed that the footprint

displacement with the use of small scale wind enes@5%

Scenario Scenario Scenario
Component Il Il
Quantity

Wind

PV

Generator
Batteries
Inverter
Cost

CO; Savings

Table 6.5: Summary of results from REG simulation in HOMER

As mentioned before, all the optimized results frira simulation are in Appendix 5.
From all that data, the optimum options for theeéhscenarios do not include PV, only
wind turbines. Nevertheless, PV can still be coms®d as an option, although not the
best. The costs for PV are too high and the saldiation is not as effective as other sites,
therefore it is not recommended. However, the winthine should be coupled with a

generator in order to provide reliable energy ®hbusehold.

The most expensive scenario is the first one likisin the first assessment for EES. The
type of building, which is a Pre 1918 detached kougeds a large amount of money to
become energy efficient and in order to have REG.

For the same reason, the first scenario has a highoon emission, because two
generators need to be used to meet the demandtheDather hand, if another wind
turbine and only one generator is used, then thiestons are lower, but the costs are
much higher. The key aspect for REG is having reergy efficient dwelling, which is

also expensive, as EES are expensive.
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/. CONCLUSION AND RECOMMENDATIONS

7.1 Concluson

From the data gathered in the survey carried outth®y Energy Agency in the
communities of Dailly, Barr, Pinwherry and Pinmothree scenarios were built as a

representation of the majority of the households

- Scenario I: Pre 1918 detached dwelling with twoupents;

- Scenario II: 1930-1949 semi detached dwelling with occupants; and
- Scenario Ill: 1950-1963 semi detached dwelling witb occupants.

Energy Efficient Solutions were applied to all 8eenarios, such as insulation (most of it
already applied in situ), double glazing (when reeBdventilation and lighting solutions.
If all these measures are carried on, there wik lbeduction in emissions, energy use and
costs of up to 51% (See table 5.6):

The CQ emissions reductions varied from 4.89 (Scenarip td 10.95 (Scenario 1)
tonnes per year. Likewise the costs related togynese were decreased in £552.61 for
Scenario Ill, £525.2 for Scenario I, and £1401f@3Scenario .

Regarding the renewable electricity generation sihmulator showed that wind turbine is

the best option for the three scenarios (See &ble

The CQ emissions are reduced in 10.16 kg/year for Scenar.12 kg/year for Scenario
I and 4.76 kgl/year for Scenario lll. Unfortunatelenewable generation is still an
expensive option; therefore the main advantagéisftechnology is environmental, not

economical. It can be seen that the results depernbde type of dwelling.

Thus, in order to tackle fuel poverty and to waslwards having an energy efficient rural
community, the best way to proceed is by assessacf dwelling as deep as money and
time allow. The study showed that it is more cd&teative to apply basic low-cost energy

efficiency solutions before any major change oestment. It is even more cost effective
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if all the solutions are applied at the same tiroe, during the same period of

refurbishment. As a next step, renewable energgrgéion should be considered in order
to reduce the carbon emissions. For this profaetpest option for electricity generation
was the wind turbine, with a generator, batteries$ @ converter. Photovoltaics was not
listed as the optimum by the simulation becausehigher costs, and because the

southwest of Scotland does not have high solaatiadi.

The results for all the measures are positive: ggnefficiency is increased and carbon

emissions are reduced in the households.

7.2 Recommendations

The present study has considered only domestitrieiec generation. The results have
shown that wind turbines are the best option foeveable electricity generation for the

type of dwellings that are similar to the housescdbed in each scenario.

The first part of the study considered the improgeta already being done in the
community: cavity wall insulation and roof insutati These measures have shown to
improve notably the energy efficiency of the dwed. The results show that the first
part of the project was a success. The approasttest-effective, and it reached most of
the dwellings. The study done by the Energy Agermysidered the key aspects that the
Dundee Community Energy Partnership recommendets$ ilessons learned. This new
more complete approach should definitely be comsitleto be applied in other

communities with similar characteristics.

The second part of the energy efficiency solutiassessment had to assume some data
which was not part of the survey. These assumptimre based on national averages or
benchmarks. The survey had data that was more lusetietermine energy efficiency
solutions than renewable electricity generatiornisTs because the survey followed the
NHER scheme. As an example, one of the drawbacks tat information about
appliances was missing; this information is vitabrder to determine the demand profile
of the house. However, the assumptions were meatading to the occupancy level and

type of occupancy (i.e. children, unemployed, ftilhe employed, etc.). As a
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recommendation, surveys should include this typanédrmation, at least for major
appliances. On the other hand, there was somematmn that was not used at all, such
as the secondary heating system. Neverthelessnfirenation gathered in the survey

would definitely help getting more accurate theuttss

It is important to note that the same study caddrge to more the rest of the data, which
means that it the same procedure can be followadgess the rest of the dwellings (such
as those built after 1964); this was not possillethis study because of the time
constraint. Another option would be to do the samalysis to households with only one
elderly occupant, or with lower income. The resoltthese assessments would definitely
help alleviate fuel poverty, since many studiesehsivown that in the UK fuel poverty is

mainly present in those dwellings.

There was one important decision taken when theases were built: the dwellings that
used electricity (Domestic electricity or Econonjyas a Primary Heating Fuel were not
considered. The main reason for this decision thasfact that electricity as a heating
fuel is not environmentally friendly. Many studieave shown that heat generated from
electricity has to be changed to another sourcerttipg on the conditions of the area
where the dwelling is located. According to thevey carried out in the communities,
about 35% of the households use electricity asimaoy heating fuel. The impact of
these dwellings has to be considered as anotherstady, since their carbon emissions
and costs for energy are different to the onesiextiuicd the present paper. Therefore, it is

strongly recommended a further study on this subjec

Regarding the assessment of renewable generafibnyind and solar generation were
considered for electricity generation; the study @ be limited to both technologies

because of the software used for the study (HOM#&R)the time constraint. The option
of renewable generation was not considered as ancmity solution but as a solution for

each household. Another study can be done thatpproach the area of community
electricity generation: This approach can be tatkle generation for the community use,
and another approach as electricity generationetedid to the grid, where money is

received by the distributor for the use of the camity.
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Furthermore, an option that has always been irttagedue to its rapid increase of use in
the UK is micro combined heat and power. Studiestioned in the third chapter have
shown that the option of using combined heat pawex small scale can be very cost-

effective. A whole study about this sole technglsgould be considered.

Finally, in order to have some further studiestfa project, funding is needed. There is
a list of funding options that can be explored idev to apply the recommendations or

evaluate new options such as mCHP.
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Appendix 1. Survey
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Appendix 2. Costs Benefit tables accor ding to Built Form 0

Detached house or bungalow Saving (£/yr) Typlzaols:cn(_r;alled Payback (yrs) Tg::;:;:l(?)w Payback (yrs)
Cavity wall insulation £210 - £250 £300 Less than 2 years - -

Solid wall insulation (external) £460 - £560 £2,300 4 - 5 - -

Solid wall insulation (internal) £430 - £530 From £40/m2 - £1,900 Around 4 years
Loft insulation (new installation) £210 - £250 £250 Less than 1 year £330 Less than 2 years
Loft insulation (top up) f60 - £70 £260 Around 4 years £250 Around 4 years
Floor insulation f60 - £/0 = = £120 Around 2 years
Replacement condensing boiler £130 - £160 - - - -

Hot water tank insulation Approx £20 = = £10 Around 6 months
Full heating control package £70 - 90 £200 2 = 3 - -
Draught-stripping Approx £20 £75 Around 4 years £45 Around 2 years
Lighting (4 x lamps) £15 - £20 up to £15 Less than 1 year  upto £15 Less than 1 year

Semi-detached or

end-of-terrace

Cavity wall insulation

Solid wall insulation (external)
Solid wall insulation (internal)
Loft insulation (new installation)
Loft insulation (top up)

Floor insulation

Replacement condensing boiler
Hot water tank insulation

Full heating control package
Draught-stripping

Lighting (4 x lamps)

Saving (£/yr)

£130 - fleo
£290 - £350
£270 - £340
£180 - £220
£50 - £60
£40 = £50
£100 - f£120
Approx £20
£60 - £70
Approx £20
£15 - £20

Typical installed

cost (£)

£260
£1,800
From £40/m2
£230
£240

£200
£75
up to £15

SIX -

Payback (yrs)

Less than 2 years
5 - 6
Around 1 year
4 - 5

Around 3 years
Around 4 years
Less than 1 year

Typical DIY

Cost (£)

£45
up to £15

Payback (yrs)

Around 4 years
Less than 2 years
Around 4 years
Less than 2 years

Around 6 months

Around 2 years
Less than 1 year



Hevation

Hesdting design teperature
Codling design tenperature
Earth tenperature anplituce

Morth

Qimete data

Unit location  Project location

N 55 565

E 46 46

m 20 2

© 29

© 210

e 130

Deily solar
Relaive rediation - Atmospheric Eath Heeting Goaling
Artenrperature  humidity horizontal pressure Wndspeed  tenperature  degreedays  degreedays
C % KAhn#d kPa. m's © Cd Cd
45 846% 06 D4 59 18 419 0
47 8L8% 12 07 59 23 3R 0
59 06% 22 06 56 45 3B 0
75 76% 35 06 47 68 315 0
106 % 48 09 45 107 29 19
129 B86% 50 09 43 138 13 87
150 0% 46 09 42 163 RB 1%
146 08% 39 08 42 162 16 143
124 4% 27 08 46 128 18 2
100 B 15 D4 51 84 28 0
69 840% 07 P4 49 47 B 0
51 8B4% 04 D05 53 26 400 0
92 8L.2% 26 07 49 84 3210 476
100 00

YOIMISS Id Jojerep ajewl|d € xipueddy



Appendix 4. Demand L oad Profiles data for all the Scenarios

Demand load profile Scenario |

Electrical Heating
Hour Load Hour Load
kw kw

01:00 0.0358 01:30 2.447
02:00 0.0358 02:30 2.709
03:00 0.0358 03:30 3.123
04:00 0.0358 04:30 3.340
05:00 0.2327 05:30 3.446
06:00 0.4152 06:30 3.506
07:00 1.2119 07:30 4.760
08:00 0.4990 08:30 6.363
09:00 0.0358 09:30 3.354
10:00 0.0358 10:30 1.590
11:00 0.0358 11:30 1.444
12:00 0.0358 12:30 1.336
13:00 0.0358 13:30 3.744
14:00 0.0358 14:30 5.486
15:00 0.0358 15:30 5.494
16:00 0.0358 16:30 4.627
17:00 1.0083 17:30 4.587
18:00 1.8473 18:30 4.810
19:00 1.7327 19:30 5.033
20:00 1.4336 20:30 5.206
21:00 1.8802 21:30 5.336
22:00 1.5170 22:30 5.433
23:00 0.6562 23:30 5.506
00:00 0.0358 00:30 3.719
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Demand load profile Scenario Il

Electrical Heating
Hour Load Hour Load
kw kW

01:00 0.0135 01:30 1.8671
02:00 0.0135 02:30 2.1086
03:00 0.0135 03:30 24771
04:00 0.0135 04:30 2.6957
05:00 0.0520 05:30 2.8143
06:00 0.1753 06:30 2.8686
07:00 0.4726 07:30 3.9786
08:00 0.1856 08:30 4.9929
09:00 0.0135 09:30 2.5500
10:00 0.0135 10:30 1.4129
11:00 0.0135 11:30 1.2743
12:00 0.0135 12:30 1.1643
13:00 0.0135 13:30 3.2000
14:00 0.0135 14:30 4.5643
15:00 0.0135 15:30 4.4914
16:00 0.0135 16:30 3.9057
17:00 0.2849 17:30 3.9800
18:00 0.8021 18:30 4.2629
19:00 0.6547 19:30 4.0343
20:00 0.5638 20:30 3.7143
21:00 0.6863 21:30 3.8014
22:00 0.5601 22:30 3.8657
23:00 0.2305 23:30 3.9243
00:00 0.0135 00:30 2.6814
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Demand load profile Scenario Il

Electrical Heating
Hour Load Hour Load
kW kW

01:00 0.0135 01:30 0.9529
02:00 0.0135 02:30 0.9629
03:00 0.0135 03:30 1.0700
04:00 0.0135 04:30 1.2029
05:00 0.0453 05:30 1.2643
06:00 0.1621 06:30 1.2657
07:00 0.5011 07:30 2.3157
08:00 0.1797 08:30 3.1129
09:00 0.0135 09:30 1.8771
10:00 0.0135 10:30 1.3571
11:00 0.0135 11:30 1.2571
12:00 0.0135 12:30 1.2300
13:00 0.0135 13:30 2.5057
14:00 0.0135 14:30 3.3671
15:00 0.0135 15:30 3.4471
16:00 0.0135 16:30 3.1600
17:00 0.3012 17:30 3.1514
18:00 0.7796 18:30 3.1943
19:00 0.6651 19:30 2.7786
20:00 0.5701 20:30 2.3414
21:00 0.6956 21:30 2.3543
22:00 0.5400 22:30 2.3671
23:00 0.2424 23:30 2.3857
00:00 0.0135 00:30 1.9514
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Appendix 5. Simulations Output - HOMER

Scenario |

Wind (m/s) OR Solar (%)

($/kWh)
4.500

Renewable fraction

50
100
75
50
100
75
50
100
75
50
100
75
50
100
75
50
100
75
50
100
75
50
100
75
50
100
75
50
100
75
50
100
75
50
100
75
50
100
75
50
100
75
50
100
75
50
100
75
50
100
75
50
100
75
50
100
75
50
100
75

PV (kW)
Genf (hrs)

2

RPN MNPDRPRMNPDNPRPRMNPDNPDMNPDMNPDRPEMNDNPPMNRDMNPDRIPEMNDNNPDNIONOCLOWLWWWLWWWWW_a2 N =N N

G1

[}
a8}

B S e i i R e S e

Gen1(kW) Battery

- XIV -

$4,710
$4,710
$4,710
$4,710
$4,710
$4,710
$4,710
$4,710
$4,710
$4,710
$2,910
$2,910
$4,710
$2,910
$2,910
$4,710
$2,910
$2,910
$8,010
$8,010
$8,010
$8,010
$8,010
$8,010
$8,010
$8,010
$8,010
$6,210
$6,210
$6,210
$6,210
$6,210
$6,210
$6,210
$6,210
$6,210
$6,210
$6,210
$6,210
$6,210
$6,210
$6,210
$6,210
$6,210
$6,210
$6,210
$6,210
$6,210
$6,210
$6,210
$6,210
$6,210
$6,210
$6,210
$6,210
$6,210
$6,210
$6,210
$6,210
$6,210

Converter (kW)

$ 26,572
$ 26,758
$ 26,683
$ 26,572
$ 26,758
$ 26,683
$ 26,572
$ 26,758
$ 26,683
$ 28,555
$28,625
$ 28,631
$ 28,555
$28,625
$28,631
$ 28,555
$ 28,625
$28,631
$ 24,606
$ 24,606
$ 24,606
$ 24,606
$ 24,606
$ 24,606
$ 24,606
$ 24,606
$ 24,606
$ 22,595
$ 22,580
$ 22,595
$ 22,595
$ 22,580
$ 22,595
$ 22,595
$ 22,580
$ 22,595
$20,742
$20,808
$ 20,742
$ 20,742
$20,808
$20,742
$ 20,742
$ 20,808
$20,742
$19,478
$19,478
$19,478
$19,478
$19,478
$19,478
$19,478
$19,478
$19,478
$ 18,880
$ 18,880
$ 18,880
$ 18,880
$18,880
$ 18,880

0.448

Initial capital

0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.42
0.25
0.25
042
0.25
0.25
042
0.25
0.25
0.87
0.87
0.87
0.87
0.87
0.87
0.87
0.87
0.87
0.86
0.86
0.86
0.86
0.86
0.86
0.86
0.86
0.86
0.91
0.91
0.91
0.91
0.91
0.91
0.91
091
0.91
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.96
0.96
0.96
0.96
0.96
0.96

1,317
1,327
1,323
1,317
1,327
1,323
1,317
1,327
1,323
1,474
1,632
1,632
1,474
1,632
1,632
1,474
1,632
1,632
508
508
508
508
508
508
508
508
508
507
506
507
507
506
507
507
506
507
368
373
368
368
373
368
368
373
368
278
278
278
278
278
278
278
278
278
238
238
238
238
238
238

Total NPC

1,296
1,311
1,305
1,296
1,311
1,305
1,296
1,311
1,305
1,440
1,589
1,589
1,440
1,589
1,589
1,440
1,589
1,589
512
512
512
512
512
512
512
512
512
512
511
512
512
511
512
512
511
512
385
390
385
385
390
385
385
390
385
304
304
304
304
304
304
304
304
304
273
273
273
273
273
273



7.000 50 50 2 3.2 24 24 $6210 $18880 0.319 0.96 238 273
7.000 50 100 2 32 24 24 $6210 $18880 0.319 0.96 238 273
7.000 50 75 2 3.2 24 24 $6210 $18880 0.319 0.96 238 273
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Scenario ll

Wind (m/s) OR Solar (%)

($/kWh)
4500
4500
4500
4500
4500
4500
4500
4500
4500
4.000
4,000
4,000
4.000
4.000
4,000
4,000
4.000
4.000
5.000
5.000
5.000
5.000
5.000

OR Wind (%)
Renewable fraction Natural gas (m3)

25 100
25 75
0 50
0 100
0 75
50 50
50 100
50 75
25 50
25 100
25 75
0 50
0 100
0 75
50 50
50 100
50 75
25 50
25 100
25 75
0 50
0 100
0 75
50 50
50 100
50 75
25 50
25 100
25 75
0 50
0 100
0 75
50 50
50 100
50 75
25 50
25 100
25 75
0 50
0 100
0 75
50 50
50 100
50 75
25 50
25 100
25 75
0 50
0 100
0 75
50 50
50 100
50 75
25 50
25 100
25 75
0 50
0 100
0 75
50 50
50 100
50 75

PV (kW) G1
Gen1 (hrs)
2 32
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Gen1(kW) Battery
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$4,710
$4,710
$4,710
$4,710
$4,710
$4,710
$4,710
$4,710
$4,710
$2,910
$2,910
$2,910
$2,910
$2,910
$2,910
$2,910
$2,910
$2,910
$4,710
$4,710
$4,710
$4,710
$4,710
$4,710
$4,710
$4,710
$4,710
$4,710
$4,710
$4,710
$4,710
$4,710
$4,710
$4,710
$4,710
$4,710
$4,710
$4,710
$4,710
$4,710
$4,710
$4,710
$4,710
$4,710
$4,710
$2,910
$2,910
$2,910
$2,910
$2,910
$2,910
$2,910
$2,910
$2,910
$2,910
$2,910
$2,910
$2,910
$2,910
$2,910
$2,910
$2,910
$2,910

Converter (kW)

$20,975
$20,975
$ 20,947
$20,975
$20,975
$20,947
$20,975
$20,975
$20,947
$ 22,300
$ 22,461
$22,314
$ 22,300
$ 22,461
$22,314
$ 22,300
$ 22,461
$22,314
$19,203
$19,308
$19,248
$19,203
$19,308
$ 19,248
$19,203
$19,308
$19,248
$17,924
$18,019
$17,990
$17,924
$18,019
$ 17,990
$17,924
$18,019
$17,990
$ 16,784
$16,917
$16,771
$16,784
$16,917
$ 16,771
$16,784
$16,917
$ 16,771
$ 15,762
$15,972
$15,877
$ 15,762
$15,972
$ 15,877
$ 15,762
$15,972
$15,877
$ 14,834
$ 15,022
$ 14,847
$14,834
$ 15,022
$ 14,847
$14,834
$15,022
$ 14,847

0474
0474
0474
0474
0474
0474
0474
0474
0474
0.504
0.508
0.504
0.504
0.508
0.504
0.504
0.508
0.504
0434
0.437
0.435
0.434
0437

Initial capital

0.64
0.64
0.64
0.64
0.64
0.64
0.64
0.64
0.64
0.31
0.31
0.31
0.31
0.31
0.31
0.31
0.31
0.31
0.74
0.74
0.74
0.74
0.74
0.74
0.74
0.74
0.74
0.81
0.81
0.81
0.81
0.81
0.81
0.81
0.81
0.81
0.86
0.86
0.86
0.86
0.86
0.86
0.86
0.86
0.86
0.77
0.77
0.77
0.77
0.77
0.77
0.77
0.77
0.77
0.81
0.81
0.81
0.81
0.81
0.81
0.81
0.81
0.81

922
920
920
922
920
920
922
920
920
1,179
1,186
1,180
1,179
1,186
1,180
1,179
1,186
1,180
788
795
792
788
795
792

795
792
694
698
697
694
698
697
694
698
697
611
618
610
611
618
610
611
618
610
683
695
690
683
695
690
683
695
690
616
626
616
616
626
616
616
626
616

Total NPC COE

910
910
908
910
910
908
910
910
908
1,148
1,160
1,149
1,148
1,160
1,149
1,148
1,160
1,149
784
792
788
784
792
788
784
792
788
697
704
702
697
704
702
697
704
702
619
629
618
619
629
618
619
629
618
685
701
694
685
701
694
685
701
694
622
636
623
622
636
623
622
636
623



Scenario lll

Wind (m/s) OR Solar (%)

($/kWh)
4500
4500
4500
4500
4500
4500
4500
4500
4500
4.000
4,000
4,000
4.000
4.000
4,000
4,000
4.000
4.000
5.000
5.000
5.000
5.000
5.000

OR Wind (%)
Renewable fraction Natural gas (m3)

25 100
25 75
0 50
0 100
0 75
50 50
50 100
50 75
25 50
25 100
25 75
0 50
0 100
0 75
50 50
50 100
50 75
25 50
25 100
25 75
0 50
0 100
0 75
50 50
50 100
50 75
25 50
25 100
25 75
0 50
0 100
0 75
50 50
50 100
50 75
25 50
25 100
25 75
0 50
0 100
0 75
50 50
50 100
50 75
25 50
25 100
25 75
0 50
0 100
0 75
50 50
50 100
50 75
25 50
25 100
25 75
0 50
0 100
0 75
50 50
50 100
50 75

PV (kW) G1
Gen1 (hrs)
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Gen1(kW) Battery
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$2,910
$4,710
$4,710
$2,910
$4,710
$4,710
$2,910
$4,710
$4,710
$2,910
$2,910
$2,910
$2,910
$2,910
$2,910
$2,910
$2,910
$2,910
$4,710
$4,710
$4,710
$4,710
$4,710
$4,710
$4,710
$4,710
$4,710
$4,710
$4,710
$4,710
$4,710
$4,710
$4,710
$4,710
$4,710
$4,710
$4,710
$4,710
$4,710
$4,710
$4,710
$4,710
$4,710
$4,710
$4,710
$2,910
$2,910
$2,910
$2,910
$2,910
$2,910
$2,910
$2,910
$2,910
$2,910
$2,910
$2,910
$2,910
$2,910
$2,910
$2,910
$2,910
$2,910

Converter (kW)

$20,975
$21,017
$20,976
$20,975
$21,017
$20,976
$20,975
$21,017
$20,976
$ 22,440
$22,517
$ 22,422
$ 22,440
$22517
$ 22,422
$ 22,440
$22517
$22,422
$19,232
$19,338
$19,278
$19,232
$19,338
$19,278
$19,232
$19,338
$19,278
$17,939
$ 18,035
$17,993
$17,939
$18,035
$17,993
$17,939
$18,035
$17,993
$ 16,785
$ 16,904
$16,770
$16,785
$ 16,904
$ 16,770
$16,785
$ 16,904
$ 16,770
$ 15,803
$ 15,950
$15,893
$ 15,803
$ 15,950
$ 15,893
$ 15,803
$ 15,950
$15,893
$ 14,835
$ 15,049
$ 14,849
$14,835
$ 15,049
$ 14,849
$14,835
$ 15,049
$ 14,849

0474
0475
0474
0474
0475
0474
0474
0.475
0474
0.507
0.509
0.506
0.507
0.509
0.506
0.507
0.509
0.506
0434
0.437
0.435
0.434
0437

Initial capital

043
0.64
0.64
0.43
0.64
0.64
0.43
0.64
0.64
0.31
0.31
0.31
0.31
0.31
0.31
0.31
0.31
0.31
0.74
0.74
0.74
0.74
0.74
0.74
0.74
0.74
0.74
0.81
0.81
0.81
0.81
0.81
0.81
0.81
0.81
0.81
0.86
0.86
0.86
0.86
0.86
0.86
0.86
0.86
0.86
0.77
0.77
0.77
0.77
0.77
0.77
0.77
0.77
0.77
0.81
0.81
0.81
0.81
0.81
0.81
0.81
0.81
0.81

1,079
923
922
1,079
923
922
1,079
923
922
1,187
1,190
1,185
1,187
1,190
1,185
1,187
1,190
1,185
790
797
794
790
797
794

797
794
695
699
697
695
699
697
695
699
697
611
617
610
611
617
610
611
617
610
685
694
691
685
694
691
685
694
691
616
628
616
616
628
616
616
628
616

Total NPC COE

1,052
913
910
1,052
913
910
1,052
913
910
1,158
1,164
1,157
1,158
1,164
1,157
1,158
1,164
1,157
786
794
790
786
794
790
786
794
790
698
705
702
698
705
702
698
705
702
619
628
618
619
628
618
619
628
618
688
699
695
688
699
695
688
699
695
622
638
623
622
638
623
622
638
623



