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Abstract

Many local authorities have set Local Agenda 21 targets to reduce carbon dioxide
emissions and increase the use of renewable energy. Solar energy technologies have
significant potential for deployment in urban residential areas but existing city planning
systems do not enable local authorities to readily cvaluate and manage this resource. A
new Solar Energy Planning (SEP) system has been developed to assist energy advisers
and planners. The SEP system predicts the baseline energy demand of dwellings and
determines their potential to utilise solar energy. It predicts the energy and CO- benefits
that the wide scale deployment of solar domestic hot water (DHW) and photovoltaic
(PV) systems might bring. This thesis describes the models and procedures
underpinning the SEP system.

The baseline energy consumption of dwellings establishes a benchmark against which
the energy contributed by active solar technologies can be compared. The energy used
for space heating, hot water, cooking, lights and appliances is calculated using
BREDEM-8. BREDEM-8 1s a reputable, validated model which performs calculations
rapidly and at a level of detail appropriate to city planners. It is a monthly calculation
procedure which 1s advantageous for considering active solar systems. To fulfil the data
needs of BREDEM-§, a new dwelling classification system was developed. This
classification system allows the baseline energy consumption of a group of dwellings to
be predicted, even when the amount of data available for each dwelling varics
considerably. Authoritative sources were used to develop a robust, nationally applicable
default data set for the dwellings 1n each class.

Solar DHW and PV potential are considered using a new threc-stage approach. This
approach 1dentifies and then targets suitable dwellings for the installation of these
systems and finally predicts the solar energy yield. The calculation methods are at the
appropriate level of complexity to allow rapid results to be generated from within the
SEP system. Proposals are presented to extend the scope of the SEP system to consider
the passive solar design of new housing estates.

The potential of the SEP system 1s assessed for an area of Leicester consisting of
approximately 400 dwellings. Recommendations for modifying the default data set and
for the further development of the system are made. The SEP system 1s shown to be a
valuable tool for energy advisers and planners concerned with managing the urban

environment.
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UHA Urban horizon angle (°)

Greek

Yobstruct Angle between the obstruction and the tacade normal (°)

Appendix A.  Description of the Space Heating Procedure in

BREDEM-8
English
d Number of days in the month (-)
G, Mean useful gains (W)
H Specific heat loss (W/K)
Q(m) Monthly space heating requirement (GJ)
Text Mean external temperature (°C)
Tint Mean internal temperature (°C)
Greek
P Mean rate of heat output from the heating system (W)

Appendix F. Calculating the Solar Irradiation Incident on an
Inclined Surface

IEnglish

F, Circumsolar brightness coetficient (-)

) Horizon brightness coefficient (-)

Gie Solar constant (W/mz)

H Monthly average daily total irradiation on a horizontal surface (MJ m”)

H, Monthly average daily diffuse irradiation on a horizontal surface
(MJ/m?)

H Monthly average daily extraterrestrial 1rradiation on a horizontal surface
(MJ/m?)

I Hourly total irradiation on a horizontal surface (MJ/m”)

Ly Hourly beam irradiation on a honzontal surface (M m-)

lon Hourly normal or beam incidence trradiation (MJ /m”) ﬁ

[b.p Hourly beam 1rradiation on an inclined surface (MJ m~)
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Hourly diffuse irradiation on a horizontal surface (MJ/m")
Hourly diffuse irradiation on an inclined surface (MJ/m")

Hourly ground-reflected irradiation on an inclined surface (MJ'm”)
Hourly extraterrestrial irradiation (MJ/m")

Hourly extraterrestrial normal incidence irradiation (MJ/m”)
Hourly total irradiation on an inclined surface (MJm®)

Hourly2 total 1rradiation on an inclined surface experiencing overshading
(MJ/m®)

Hourly clearness index (-)

Monthly average cleamess index (-)

Ailr mass (-)
Julian day number (1 to 365)

Ratio of hourly to daily diffuse 1irradiation on a horizontal surtace (-)
Ratio of hourly to daily total irradiation on a honizontal surface (-)

Ratio of beam 1rradiation on an inclined surface to that on a horizontal
surface (-)

Time (24-hour clock)
Urban horizon angle (°)

Solar altitude angle (°)
Slope of the surtace (°)
Surface azimuth angle (°)

Solar declination (°)
Atmospheric clearness parameter (-)

Angle of incidence (°)

Zenith angle (°)

Diffuse reflectance of the surroundings (-)
Diffuse reflectance of the opposite wall (-)

Latitude (°)
Solar hour angle (or angular displacement of the sun from solar noon)

(°)
Sunset hour angle from noon (°)
Atmospheric brightness parameter (-)
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Chapter 1

Introduction

1.1 The need for a solar energy planning system

World energy demand is continually increasing. This demand is primarily being met by
burning fossil fuels. At the same time, concern about the environment is at an all time
high prompting world leaders to consider the threat of climate change. In 1992, at the
United Nations (UN) Earth Summit in Rio de Janeiro, 174 developed countries
(including the UK) agreed a voluntary target of returning their emissions of greenhouse
gases to 1990 levels by the year 2000 by signing the United Nations Framework
Convention on Climate Change (UNFCCC) (UN. 1992b).

Following Rio, however, it became clear that stabilising emissions would have little
effect on the climate and that greater reductions were required. After much negotiatiny,
the Kyoto Protocol (UN, 1997) was added to the Convention in December 1997. When
ratified, the Protocol will commuit developed countries to reduce their emissions of the
s1x principal man-made greenhouse gases (carbon dioxide (CO»), methane, nitrous
oxide, hydrofluorocarbons, perfluorocarbons and sulphur hexafluoride) to 5.2% below
1990 levels averaged over the period 2008-2012. Whilst all participating countries have

signed the Protocol, they are not bound by the Protocol until they have ratified 1t and 1t

becomes a legally binding agreement.

For the Protocol to enter into force it must be ratified by a mmimum of fifty-five
countries, including at least 55% of developed country emissions. At the sixth session ot
the UNFCCC Conference of the Parties (COP6) held in The Hague, Netherlands from
13-24 November 2000, discussions aimed at making the Kyoto Protocol a legally

binding agreement were suspended as agreement could not be reached between the



parties. It 1s hoped that new negotiations in Bonn in May 2001 will reach a successful

conclusion (Brown, 2001).

The Kyoto Protocol permits countries to undertake commitments jointly by forming so-
called "bubbles’. Under this arrangement, the Member States of the European
Community agreed to undertake an 8% reduction. This target has been shared out
between Member States based on their projections for future greenhouse gas emissions.
The UK agreed to take on a reduction target of 12.5% (Department of the Environment,
Transport and the Regions [DETR], 1998¢). Furthermore, the UK Government has a
manifesto target of reducing national CO, emissions to 20% below 1990 levels by 2010

(Entec UK Limited, 2000). In 1990, UK CO, emissions were 168 MtC (million tonnes
carbon equivalent) (DETR, 1998c¢).

In the UK, the operation of building services for space heating, domestic hot water,
lighting, mechanical ventilation, air conditioning, etc. consumes energy which causes
CO, emissions amounting to 46% of the national total (27% from dwellings and 19%
from non-domestic buildings) (DETR, 2000b). Reducing emissions from buildings, by
making them more energy efficient, would help the UK meet its CO, reduction targets.
In addition, the possibility of displacing conventionally produced energy with non-
polluting alternatives is receiving much attention. The UK Government recently
underlined its commitment to promoting the development of renewable sources of
energy as an essential ingredient of its climate change programme (Department of Trade

and Industry [DTI], 2000b), emphasising the role that regional and local planning

authorities have to play.

At the 1992 UN Earth Summit, the 174 nations also signed an agreement referred to as
Agenda 21 (UN, 1992a). This document sets targets and actions for a wide range of
environmental and economic objectives including biodiversity, protection of rainforests
and aid to developing countries. In addition, the signatories agreed to persuade and
instruct local authorities to work with their local communities to develop policies that
would support the ideas of sustainable development outlined in the rest of the document.

This initiative was called Local Agenda 21 (LA21). In the UK, over 80% of local
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authorities have adopted strategies towards LA21 (Forum for a Better Leicestershire
[FABLE], 1998).

The use of renewable energy sources is an important feature of many LA21 strategies.
For example, the LA21 for Leicestershire (FABLE, 1998) has set a target that
renewable energy should account for 15% of total energy production in the region by
the year 2020. This is alongside its aims of reducing overall energy consumption by
30% and CO, emissions by 28% relative to 1990 levels. The city of Leicester has its
own LAZ1 strategy (Leicester City Council [LCC], 1998). This strategy sets even more

ambitious targets with 20% of Leicester’s energy needs to be met from renewable
sources by the year 2020. Furthermore, there is to be a 50% reduction in both energy
consumption and CO; emissions from 1990 levels by 2025. If these targets are to be
met, authorities in Leicestershire will require guidance on how best to exploit the

various renewable energy sources available.

Solar energy has long been recognised as a major source of renewable energy for
heating and lighting buildings. It can be utilised in many different ways but is usually

categorised 1nto two types.

1. Passive solar: including direct solar gain to offset space heating demand and the use

of daylight to reduce artificial lighting requirements.

2. Active solar: including solar water heating systems to supply hot water and

photovoltaic (PV) systems generating electricity from sunlight.

Strategic studies have quantified the potential yield from solar energy technologies in
the UK. For example in Leicestershire, the technically feasible yield of solar energy
systems 1in domestic properties by the year 2010 was estimated to be 305 GWh/year for
PV, 229 GWh/year for solar domestic hot water (DHW) and 15.9 GWh/year for passive
solar design (Land Use Consultants, 2001). Together, these three solar energy resources

could supply 550 GWh/year. This represents approximately one third of the energy

consumption in the domestic sector in Leicestershire (Land Use Consultants, 2001). As
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a result, solar energy technologies have significant potential to help Leicestershire meet
1ts LA21 targets.

At present, however, the huge solar resource available within cities is not exploited. One
reason for this 1s that, on the whole, existing city modelling systems do not encompass
tools which are targeted at solar energy planning issues although the need for them has
been recognised (Snow, Jones, Lannon & Prasad, 2000; Wood & de Tuberville, 1998).
This thesis describes the development of a new planning tool called the Solar Energy
Planning (SEP) system which aims to enable local authority planners and energy

advisers to consider the urban scale application of solar energy with greatly increased

confidence.
1.2 Aims of the research

The research described 1n this thesis was undertaken as part of the three year
Engineering and Physical Sciences Research Council (EPSRC) funded Enlightened
Planning Project (Lomas, Bowman & Mardaljevic, 1996), grant code GR/L05372. The

primary aim of the Enlightened Planning Project was to develop a set of computer
programs which link with a typical Geographical Information System (GIS) and its
underlying database to enable the solar energy potential of buildings 1n an urban context

to be described. This 1s the so-called SEP system.

The SEP system is based on the MapInfo GIS. This was chosen because LCC, one of
the collaborating partners, are increasingly using MaplInfo to assist 1n strategic planning
e.g. of new roads, urban regeneration etc. Furthermore, the Maplnfo macro language
MapBasic is very flexible and robust making it suitable for large-scale project
development. In the SEP system, Maplnfo is used to display a digitised map of the city
under investigation. These digital urban maps (depicting man-made and natural features
ranging from houses, factories, roads and rivers to marshland and administrative
boundaries) are obtained from Ordnance Survey (OS) e.g. Land-Line Plus. GIS
technology enables spatially distributed data to be displayed and interpreted more easily

than interrogating a database directly. Data can therefore be visualised in a way
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particularly useful to urban planners: for example results obtained from calculation

engines (which work with information in the database) can be viewed as colour coded

thematic maps.

The aim of this thesis is to describe the underlying methods developed for modelling
domestic energy consumption, solar water heating and photovoltaic (PV) svstems and
passive solar conditions. This thesis only considers dwellings. The modelling
approaches have been realised in GIS-based software developed by the software
engineer employed on the EPSRC funded project. At various points throughout the
thesis, reference 1s made to the software. This is necessary to fully describe certain
aspects of the modelling approach. The software is only discussed to the extent
necessary to describe the important role the research performed for this thesis played in

1ts development. A brief description of the chapter contents will make clear the research

to be described 1n this thesis.
1.3 Outline of the thesis

To place the work described 1n this thesis in context, existing urban energy models are
reviewed 1n Chapter 2. This review confirms the need for the SEP system. Furthermore,
1dentifying differences between the existing models and comparing their relative
strengths and weaknesses allows a concept for the SEP system to be proposed. It 1s this

concept which 1s described in detail in the remainder of the thesis.

Chapter 3 focuses on domestic energy modelling and particularly the problem of data

collection. A new dwelling classification system is proposed and described 1n detail.

This enables the energy consumption of dwellings to be predicted at varying levels of

accuracy. These range from predictions based on defaults derived from national

statistical data, to detailed data obtained from property surveys. This was necessary due

to the importance of establishing an accurate baseline energy consumption before

considering the performance of solar energy technologies.
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A new three-stage approach for determining the potential solar water heating vield of
dwellings 1s described in Chapter 4. This consists of a filtering process to identify
suitable properties for installing a solar domestic hot water (DHW) system based on
physical parameters, a targeting procedure to identify the most viable properties

according to socio-economic criteria and finally a calculation procedure to quantify the

potential solar energy yield.

The approach presented in Chapter 4 has also been adopted for the analysis of PV
systems. The PV calculation procedure is described in Chapter 5. The research

presented 1n Chapters 3 to 5 represents the main contribution to knowledge.

Chapters 3, 4 and 5 present the main thrust of the research. However, in addition, an
approach to consider the passive solar design of housing estates 1s proposed in Chapter
6. This approach 1s not as rigorous as those for solar DHW and PV. Chapter 0 serves to
demonstrate one possible method of extending the scope of application ot the SEP

system.

With the exception of passive solar design, the approaches have been realised in the
SEP software. A demonstration of the approach is presented for an area of Leicester 1n
Chapter 7. This case study shows the potential of the SEP system for use as a local
authority planning tool. Comparisons are also carried out between the predictions ot
energy consumption obtained from the different input data levels. This allows
refinements to the dwelling classification system to be proposed to increase the

accuracy and hence the usefulness of the SEP concept.

The eighth and final chapter presents the main research findings and considers the

implications for future research. Overall it is concluded that the research has

substantially addressed the need for a solar energy planning system by making valid

proposals that, realised in software, have already yielded encouraging and useful results.
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The SEP system has the potential to fulfil its aim of allowing planners and energy
advisers to consider the urban scale application of solar energy technologies with

greatly increased confidence.

27



Chapter 2

Urban Energy Models

2.1 Introduction

Urban energy models aim to accurately predict the existing energy demand of cities and
other urban areas. They also enable the effect of future energy trends to be investigated.
Consequently, such models are becoming invaluable tools for urban energy planners in
local authorities to assist in the development of policies aimed at reducing energy
consumption and greenhouse gas emissions. Renewable energy, in particular solar
energy, 1s often a key component of energy efficiency policies. This chapter reviews
current urban energy models to determine the extent to which they address the use of
renewable energy 1n cities. It also, therefore, places the work described in this thesis 1n

context and determines the need for a new solar energy planning system.
2.2  Review of urban energy models

This section reviews existing urban energy models, starting with broad scale models
that consider large regions and moving to more detailed models concerned with
individual buildings. The review is followed by a discussion which compares

differences between the models.

2.2.1 BREHOMES

BREHOMES (Building Research Establishment Housing Model for Energy Studies)
(Shorrock & Dunster, 1997) is a physically based model of the energy use ot the UK
housing stock. It calculates energy use in dwellings using BREDEM-12 (Anderson.
Chapman, Cutland, Dickson & Shorrock, 1996), the annual version of the Building
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Research Establishment Domestic Energy Model. This 1s a simplified physical model of
energy use in individual dwellings. (BREDEM-12 1s described more fully 1in Section
3.2.) The data required by BREDEM-12 1s obtained from a wide range of sources.
These include Housing and Construction Statistics (HCS) for Great Bnitain (e.g. DETR,
2000e), the Family Expenditure Survey (FES) for Great Britain (e.g. Office for National
Statistics [ONS], 1999) and the English House Condition Survey (EHCS) (e.g. DETR,
2000a). The HCS and FES are published annually whereas the EHCS 1s only published
every five years. The principal source of data 1s a regular survey undertaken by a market
research company. The sources of data refer to different geographical regions (1.e.
England and Great Britain) and thus combining the data sources in BREHOMES
requires manipulation of data and common sense adjustments (Shorrock & Dunster,
1997). BREHOMES models the energy use of the housing stock of Great Britain but the
results tend to be scaled up to be representative of the UK. (It should be noted that both
the HCS and FES are carried out for Northern Ireland and surveys similar to the EHCS

are performed 1n Scotland, Wales and Northern Ireland.)

Once the data, which includes level of insulation and type of space heating systems n
use, has been obtained, 1t 1s broken down into categories defined by dwelling type, age,
tenure, etc. With all the data in place, BREDEM-12 calculations are carried out for each
category of dwelling in the UK. Multiplying by the number of dwellings 1n that
category and summing for each category (of which there are currently over 1000)
produces an estimate of the entire UK dwelling stock consumption. This 1s compared
with the figure stated in the Digest of United Kingdom Energy Statistics (DUKES) (e.g.
DTI, 2000a). DUKES is published annually. Agreement between the BREHOMES
prediction and the DUKES figure is usually within a few per cent. To fine-tune the
prediction and obtain better agreement, some of the inputs to BREHOMES are adjusted
and the calculations repeated. Once the overall total agrees with the aggregate statistics,
predictions at more disaggregated levels (e.g. regions) can be used with a reasonable

degree of confidence.

The result of the process outlined above is a database of information on housing stock

energy use and energy efficiency for the particular year that the statistics relate to.
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Important trends 1n energy use can be identified by performing a BREHOMES

calculation for several difterent years. These historical trends can then form the basis of

scenar10s to predict future levels of energy use. For example, future energyv use could be
predicted assuming current trends continue. Alternatively, the effect of introducing
energy etficiency measures could be considered. BREHOMES has been widely
accepted as a valuable policy advice tool and its users include the DETR e.g. to help
derive the carbon savings from a proposed new Home Energy Efficiency Scheme

(HEES) as part of the UK’s Draft Climate Change Programme (DETR. 2000c¢).

2.2.2 DREAM-City

The computer model DREAM-City (Titheridge & Boyle, 1995) has been developed by
the Energy and Environment Research Unit at the Open University. Its aim 1s to assist
urban energy planners and local authorities in the preparation and monitoring of energy
and pollution reduction policies, particularly as part of a LA21 for an urban area.
DREAM-City 1s based on the Dynamic Regional Energy Analysis Model (DREAM)
(De Montfort University, 1995). DREAM simulates energy supply and demand on a
monthly basis to ensure that important seasonal variations are reflected. The model uses
input parameters that are relatively easy to obtain. It 1s more suited to a national rather
than an urban scale, hence the development of DREAM-City. Like DREAM, DREAM-
City 1s divided into four sectors - Domestic, Services, Industrial and Transport - which
can be run independently of each other. Monthly energy demand 1n each sector 1s
calculated using a range of parameters based on regional averages. The model simulates
the use of a wide range of energy sources including gas, electricity, district heating, oil,
solid fuel and renewable energy. City-wide estimates of CO, emissions are produced.
According to Titheridge and Boyle (1995), the model has been validated using data
obtained for an area of Leicester over the ten-year period 1984-1994. It has been tfound
to be producing reasonably accurate results for annual demand predictions, especially

for gas and electricity where data is more readily available. Monthly demand

predictions tend to be considerably less accurate.
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Once DREAM-City has established the existing energy consumption of a city, local
authorities can use the model to assess the impact of different energy-use scenarios. For
example, the model was used to demonstrate that Leicester’s target of reducing CO,
emissions to 50% of 1990 levels by 2025 1s achievable if ‘green’ policies encouraging
the use of renewable sources ot energy are adopted (De Montfort University, 1995).
DREAM-City i1s therefore useful in considering energy utilisation options on a city-

wide scale to influence policy decisions.

2.2.3 The Energy and Environmental Prediction (EEP) model

The Energy and Environmental Prediction (EEP) model (e.g. Jones, Vaughan, Sutcliffe
& Lannon, 1996; Jones, Lannon, Williams & Prasad, 1999) developed at the Welsh
School of Architecture, University of Wales, Cardiff i1s an environmental auditing and
decision making tool for use by planners in their pursuit of sustainable development 1n
cities. The EEP model 1s based on the MapInfo GIS and incorporates a number of sub-
models to account for the energy consumed and emissions produced by domestic and

non-domestic buildings, transport systems and industry. In this respect 1t 1s similar to

the DREAM-City model (Section 2.2.2).

The domestic sub-model in EEP is of particular interest. It uses a statistical clustering
method to estimate the Standard Assessment Procedure (SAP) (DETR, 1998b) energy
ratings for domestic properties. (The SAP is described 1n more detail in Section 3.2.)
Clustering 1s carried out on the basis of only four variables related to built form: heated
ground floor area, total facade area (i.e. front and rear walls), ratio of window area to
wall area and the end area (1.e. side walls) (Welsh School of Architecture [WSA|,
1996). The heated ground floor area and the end area of the property are obtained by
manually drawing round building outlines on the digital urban map in the GIS. The total
facade area and the ratio of window area to wall area are estimated from site surveys by
counting bricks (for wall height and length) and assuming standard brick dimensions.
After standardising these four variables using the statistical procedure of z-scores
(Mendenhall & Sincich, 1995), twenty clusters are produced. Apparently, this was

found to be the most suitable number of clusters for use in the EEP domestic sub-model.
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The clustering method is based on nearest centroid sorting 1.e. a property (a case) is
assigned to the cluster where the distance between the centroid and the case is the
smallest. For each cluster, the centroid 1s the mean of the four variables for all cases
within that cluster. The twenty clusters are further divided into one hundred clusters
using five age groups: pre-1919, 1919-1944, 1945-1964, 1965-1980 and post 1980. It is
important that the data collected to establish the clusters incorporates the entire range of
properties located within the city of interest (WSA, 1996). The larger the sample, the
more accurate the clusters and the greater the likelihood that all one hundred clusters

will be represented.

SAP ratings are then calculated for the property located nearest to the centre of each
cluster. Additional input data required by the SAP that is not obtained from either the
digital map or the site survey 1s based on global assumptions, for example all properties
are single-glazed with the glazing facing east and space heating is carried out by a
central heating system with a wall mounted gas boiler. The domestic sub-model
calculates the average SAP rating, the annual total domestic energy use and the annual
total domestic CO; emissions for each postcode within a city. The number of dwellings
per cluster 1n each postcode 1s known but 1t 1s not possible to 1dentify the cluster to

which an individual dwelling belongs.

A recent addition to the EEP model 1s a building-integrated photovoltaic (BIPV) sub-
model (Snow et al., 2000). A graphical user interface has been designed to couple the
GIS 1n the EEP model with an existing BIPV simulation tool. The simulation tool aims
to model significant aspects of BIPV system performance using readily available
climate data and simple product parameters. A ray-tracing approach is used in
conjunction with detailed geometry of surrounding objects to perform time-step
calculations of shading effects on the BIPV surface. This approach renders a three-
dimensional (3D) photo-realistic computer image of the city area being modelled. The

overall method of analysing BIPV systems in the EEP model requires considerable user

Interaction.
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2.2.4 LT Urban

The development of LT Urban (Ratti, Robinson, Baker & Steemers, 2000) by the
Martin Centre at Cambridge University was one aspect of an EU funded project called
PRECis - assessing the Potential for Renewable Energy in Cities. LT Urban predicts
annual building energy consumption (heating, lighting, ventilating and cooling energy
use) using a modified version of the Lighting and Thermal (LT) energy model
(Robinson & Baker, 2001). Currently, LT Urban only considers non-domestic
buildings.

Parameters which describe the building fabric (for example, orientation of facades and
angles of obstruction of the sky) are derived using image processing techniques based
on Digital Elevation Models (DEMs) (Richens, 1997). A DEM 1s an image in which
each pixel has a grey-level proportional to the height of the urban surface (Figure 1).
Two hundred and fifty-six levels of grey are usually employed with zero representing
street level. The remaining inputs to LT Urban are assigned sensible default values.
However 1f detailed data 1s known for a building, 1t can be assigned to a pixel in an

additional 1mage.
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Figure 1. Examples of Digital Elevation Models for part of London (left) and Berlin
(right). (From Ratti et al., 2000.)

Once the building energy consumption within the urban neighbourhood of interest has

been predicted, L'T Urban 1s used to explore the relationships between urban form and

33



building energy usage. LT Urban is able to consider energy conservation and efficiency
measures including optimal glazing ratio and U-values of the building fabric. It has also
been developed to consider solar water heating and PV systems to predict the renewable
energy potential of the site of interest (D. Robinson, developer of LT Urban, written

communication, January 31, 2001).

2.2.5 National Home Energy Rating (NHER) software

National Home Energy Rating (NHER) software developed by National Energy
Services Limited (NES) can be used to predict the energy demand of individual
dwellings. There are nine different programs in the suite of NHER software, many of
which are increasingly being used by local authorities. These programs have been
designed to operate at different levels of data input from Level O (pronounced ‘level

zero’) to Level 3 as described below.

The Level 0 data set comprises a minimum of ten data items as shown 1n Table 1. No
dimensional information on the dwelling 1s required as 1t is the collection of this data
that takes time and increases costs. External dwelling dimensions (e.g. ground tloor
area, wall area, etc.) are estimated from knowledge of the dwelling age, built form,
number of storeys and number of rooms using a geometrical model derived by P. F.
Chapman (1994). The remaining inputs required to calculate dwelling energy
consumption are based on national statistical data, undocumented rules of thumb and 1n-
house expertise (N. Cutland, Director of NES, verbal communication, February 14,
2000). Like BREHOMES (Section 2.2.1), the energy consumption is calculated using
BREDEM-12. Level 0 calculations are intended for general stock analysis and can be
carried out by the Stock Profiler and Auto-Evaluator NHER programs (J. Chapman,
1994). Many local authorities use the Level 0 software. They have found that most of
the required data is readily available for the social housing sector. However, analysis of
private sector dwellings using Level 0 software 1s more difficult as most ot the data

needs to be collected. This 1s a major problem in light of the Home Energy

Conservation Act 1995 (HECA) (DETR, 2000d) which requires all UK local authorities
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with housing responsibilities to provide annual reports to the Secretary of State on the

energy efficiency of all housing in their region.

To help local authorities meet their HECA requirements, especially the auditing of
private sector stocks, a new sub-Level O program (Table 1) has been introduced in the
form of NHER Stock Profiler II (NES, 1995). This can produce results with just two
data items per dwelling - namely the age and built form e.g. detached, semi-detached,
mid terrace, etc. A system of defaults 1s used to generate representative dwelling types.
Where more detailed data exists for part of the stock, this i1s used in preference to the

default values. Stock Profiler II 1s capable of performing calculations up to full Level 0.

Although results based on Level 0 data are useful for fulfilling policy requirements, they
cannot be used to provide detailed energy efficient improvement advice to individual
householders. This 1s a major problem for local authorities as one of the key elements of
HECA 1s persuading private householders to make improvements to the energy
efficiency of their homes. To overcome this problem, HECA Home Energy Advisor
(NES, 1999) has been developed to perform an Enhanced Level O calculation. This adds
the floor area and further details of the heating system to the Level O data set (Table 1).
This additional information 1s usually readily available for public sector stocks. For
private sector stocks, however, 1t needs to be collected. Simple questionnaires, with
between 20 and 30 questions about the dwelling, are distributed to householders to
obtain the Enhanced Level O data. Default values are used when questionnaires contain

Inconsistent or incomplete data.

Site surveys can also be used to collect Enhanced Level 0 data. When collecting data by
survey, however, it takes very little extra time to collect sufficient data to allow a Level
1 calculation to be performed using NHER Surveyor III (NES, 1995). At Level 1, data
1s still not collected for items including the window areas and the U-values of the
building elements (which are still assessed from the construction, insulation and age of
the dwelling) but an accurate SAP rating can now be calculated for the majonty of

dwellings (Table 1). Improved energy efficiency advice can also be given to

householders.
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Levels 2 and 3 provide the most accurate results (Table 1). At both levels, all the
dimensional information must be assessed for the property and U-values must be
calculated from knowledge ot the composition of each element. Such data can reallyv
only be collected during full property surveys. The only difference between the results
obtained from each level 1s that Level 2 1s based on standard occupancy data whereas
Level 3 1s based on actual occupancy data (1.e. hours and temperatures of space heating,
use of hot water and applances, etc.). Level 2 therefore lends itself well to the analysis
of new buildings using NHER Builder (NES, 1995). Level 3 is used to analyse existing
dwellings using NHER Evaluator (J. Chapman, 1994).

At all levels, SAP ratings, NHER ratings, energy consumption, running costs and CO-
emissions are available. Of course, the accuracy of these results improves with
increased data collection 1.e. Level 3 1s far more accurate than sub-Level 0. Results are

only available on an annual basis.

2.3 Discussion of the models

This section compares the urban energy models described in the previous section and
discusses differences in their approach. The relative strengths and weaknesses are
identified. Table 2 summarises the key characteristics of the models and the following
discussion centres on the contents of this table. At the end of the discussion, a concept

for the SEP system 1s proposed.

The models have different areas of application and consider different energy use
sectors. Both DREAM-City and EEP are concerned with the four energy use sectors of
domestic and non-domestic buildings, industry and transport. DREAM-City, however,
can only consider whole cities whereas EEP i1s capable of analysing smaller postcode
regions within cities and aggregating results for application to whole cities. LT Urban
focuses on non-domestic buildings within cities. BREHOMES and NHER are the only
two urban energy models solely interested in domestic buildings. They analyse
dwellings at very diffterent physical scales with BREHOMES considering the whole UK

dwelling stock (although 1t can consider smaller regions with a reduction in accuracy)
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and the different NHER programs producing results from a large stock of dwellings. e.g.
a city, down to a single individual dwelling. The results available from NHER software

are the most flexible in terms of physical scale but more than one program is required.

From analysis of the models, 1t 1s clear that one of the major problems in urban energy
modelling 1s data collection. The models use a range of sources to collect sufficient data
to allow meaningful results to be obtained. BREHOMES bases its prediction of UK
dwelling energy consumption on national statistics. The accuracy of this prediction is
improved by comparison with the actual consumption figure published by the DTI. This
allows fine-tuning of the inputs. Although results are presented for the whole of the UK,
some of the input statistics correspond to a different geographical area e.g. England or
Great Britain. This has required interpretation of the input data using common sense
judgements. BREHOMES is also used at more disaggregated levels but the results still
correspond to the UK statistics. The model 1s not able to use more detailed data even 1f

1t exists.

At low data levels (1.e. sub-Level O through to Level 1), NHER software uses simple
questionnaires and rapid site surveys to obtain the required data. The remaining data 1s
obtained from national statistics. Unlike BREHOMES, however, 1f more detailed data
exists, this can be used to improve the accuracy of the results. At Levels 2 and 3 (Table
1), detailed property surveys must be performed to collect all data required to predict

the energy consumption of individual dwellings.

DREAM-City uses a slightly different approach to BREHOMES in that 1ts data 1s
obtained from regional rather than national statistics. This makes the data more
applicable to the city of interest and should allow more accurate predictions of energy
consumption at the urban level. The EEP model, like NHER, uses rapid site surveys to
collect some of its required data. Some useful data is also derived from the digital urban
map viewed through the MaplInfo GIS. The remaining data, however, is based on global
assumptions rather than traceable statistical sources. LT Urban uses a completely

different approach to acquire its required data. It uses image-processing techniques

based on DEMs and assumes standard defaults.

19



Of all the models, only DREAM-City and LT Urban predict results for a monthly
period. This is to ensure that important seasonal vanations are reflected. The remaining
models only generate annual results. All the models establish the existing energy use for
the area of interest before making predictions about the effect of future developments or

the installation of energy efficiency measures.

The EEP model is the only model which currently considers the use of solar energy
technologies in dwellings. The recent BIPV sub-model added to EEP, however. 1s
process-intensive and appears to require considerable user interaction and expertise. It 1s
not clear whether there are future plans to automate the operation of the BIPV sub-
model to make 1t more usable 1n a planning tool. LT Urban considers solar water

heating and PV systems for non-domestic buildings.

The use of GIS technology is also unique to the EEP model. This uses the Maplnfo GIS
to store input data and results which can then be viewed on the digital urban map. All

models are based on PCs.

BREHOMES and NHER are the most widely used models. The DETR 1s one of the
major users of BREHOMES and they have used the model to help develop several
policies. The DETR continues to fund research into its development. NHER software 1s
sold commercially and is used by many local authorities throughout the country. It has
become established as one of the leading energy rating programs. Of the remaining
models, EEP is undergoing assessment in some Welsh local authorities, the use ot
DREAM-City is unknown (although not thought to be widespread) and the development
of LT Urban has only recently been completed.

2.4 The SEP concept

The need for a solar energy planning system was established in Section 2.3 as existing
urban energy models do not consider solar energy technologies in much detail. It 1s
unlikely that urban energy planners in local authorities will have expertise in the area ot

solar energy and thus the SEP system should provide decision support and an approach
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to automate the analysis of solar energy as far as possible. Furthermore, the SEP system,
like the DREAM-City model, should predict results on a monthly basis. This is likely to
be important when considering solar energy technologies to predict the effect of the

variation 1n solar radiation throughout a year.

From the preceding sections, 1t 1s clear that it 1s necessary to predict domestic energy
consumption for ditferent physical areas. For example, central government requires
national information and local government requires regional information to develop
policies that will impact on sustainable development e.g. HECA and LA21. However,
the success of such policies depends on an ability to identify individual properties which
could benefit from energy etficiency improvements or solar energy technologies. None
of the models discussed previously are capable of considering both individual dwellings

and whole cities.

Computing power today allows rapid calculations to be carried out on a house-by-house
basis tor large numbers of dwellings. The SEP system should therefore be able to
predict the energy demands of individual dwellings and aggregate these up to the whole

city level.

In Section 2.3, the collection of data was 1dentified as one of the key problems in urban
energy modelling. The models used a range of sources to collect different amounts of
data at different levels of detail. The SEP concept should therefore be flexible enough to
allow operation of the system at various levels of input data. National data obtained
from traceable statistical sources should form the least accurate prediction of domestic
energy consumption. If regional or city-wide statistical data 1s available for the area ot
interest, this should be used instead. Data collection techniques such as rapid site
surveys and household questionnaires should be considered to identify their usefulness
In improving the accuracy of predictions. The SEP system should also be designed to
allow use of detailed data obtained from individual property surveys. This detailed data
1s increasingly available as local authorities strive to implement HECA and LA21

strategies. It can be assumed that detailed data collection will continue 1n the future as
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even greater importance 1s placed on accurately predicting the energy consumption of

the domestic housing stock.

To ensure credibility of the SEP system, existing and well-established calculation
models should be used to predict the domestic energy consumption and the performance
of the different solar energy technologies. Such an approach has proved beneficial to
both BREHOMES and NHER which are now widely used. In addition, the successful
use of the MapInfo GIS 1n the EEP model gives confidence for its use in the SEP
system (Section 1.2).

2.5 Summary

This chapter has reviewed existing urban energy models. It was established that there 1s
a need for a solar energy planning system as existing models do not consider solar
energy technologies (e.g. solar water heating, PV systems and passive solar design) 1n
great detail. Comparison of the relative strengths and weaknesses of the difterent
models allowed the concept of a new GIS-based SEP system to be proposed. Initially,
the system will focus on dwellings. The SEP system should:

o accurately predict domestic energy consumption for individual dwellings and whole
cities;

« function at various levels of data input ranging from national statistics through to
detailed information for an individual property;

e use well-established models to predict domestic energy consumption and solar
energy potential to ensure credibility of the approach;

o calculate results on a monthly basis to show the variation in the performance of solar

energy technologies throughout a year.

With the concept of the SEP system now clearly defined, Chapter 3 goes on to describe
the domestic energy modelling approach of the SEP system which addresses the major

problem of data collection using a new dwelling classification system.



Chapter 3

Domestic Energy Modelling

3.1 Introduction

The beneficial effects of energy efficiency measures and solar energy technologies can
be better understood in the context of the existing energy consumption of a dwelling
(e.g. Jones et al., 1999; Shorrock & Dunster, 1997). Improvements to the dwelling can
then be quantified in terms of potential energy savings and reductions in CO, emissions
relative to this consumption. This allows specific recommendations to be given for each
dwelling instead of more general advice. The SEP system therefore requires a domestic
energy model to predict the energy consumption of dwellings. This chapter justifies the
choice of the domestic energy model used in the SEP system and proposes a new
dwelling classification system to overcome the problem of data collection discussed 1n

Section 2.3.
3.2 Selecting a domestic energy model for the SEP system

When selecting the domestic energy model for the SEP system, a number of criteria

were considered. These are listed below.

e Most importantly, the model should represent the fundamental physical process with
acceptable accuracy without entailing onerous input data requirements.

e The calculation should be undertaken on a monthly basis to account for solar
sensitive energy systems.

 Results should be generated quickly as planners could be analysing thousands of
dwcllings.

 The model should be easily integrated into the planning system.
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o The model should make no assumptions about the level of user cxpertise.

The use of detailed simulation models such as ESP-r (Energy Svstems Research Unit
[ESRU]J, 1995) and TRNSYS (Solar Energy Laboratory [SEL], 2000) was quickly ruled
out. Although these models can produce accurate predictions of energy consumption,
they require large quantities of input data and considerable user expertise which
planners cannot be expected to have. Even 1f planners were trained to use these models,
they could not be easily integrated into the SEP system. Therefore. attention was

focused on simpler domestic energy models.

The Government’s SAP produces energy ratings for dwellings based on the calculated
annual energy cost for space and water heating (DETR, 1998b). The SAP energy rating
1s widely used to show the energy efficiency of dwellings and forms the calculation
procedure in the domestic sub-model in the EEP model (Section 2.2.3). Since 1 July
1995, all new dwellings or those undergoing change of use involving building work
must have a SAP rating which can be used to show compliance with the Building
Regulations (Department of the Environment and the Welsh Office [DoE&WO],
1995b). The SAP rating does not take account of the energy consumed by lights,
appliances and cooking. For future expansion of the SEP system, it would be useful to
employ a domestic energy model which calculates this energy use. The main
disadvantage of the SAP, however, stems from research carried out at the Building

Research Establishment (BRE). Silver and Parand (1999) showed that the SAP tends to

underestimate the solar contribution to the space heating load because 1t:

e uses a single location for the UK;

 calculates solar fluxes over October to April whereas the heating season 1s taken as
October to May;
e neglects solar gain on the walls and roof;

o assumes that windows have 30% frame.

These limitations in the SAP prevented its use in the SEP system where the calculation

of passive solar gain 1s an important consideration.
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The SAP calculation 1s based on BREDEM-9 (Anderson, Clark, Baldwin & Milbank.
1985), one of the standardised versions of the Building Research Establishment
Domestic Energy Model. This 1s a simplified version of BREDEM-12 which predicts
dwelling energy consumption on an annual basis using a nominal heating season of
eight months (1.e. October to May). BREHOMES (Section 2.2.1) and NHER software
(Section 2.2.5) use BREDEM-12 as their domestic energy model. Another version
called BREDEM-8 (Anderson, Chapman, Cutland, Dickson, Doran et al., 1997) predicts
dwelling energy consumption on a monthly basis. Unlike SAP, both BREDEM-8 and
BREDEM-12 consider lights, appliances and cooking in addition to space and water
heating. The major disadvantage of BREDEM-12 1s its use of a fixed eight month
heating season. For example, improved insulation and passive solar design could
significantly reduce the length of the heating season but this would not be reflected in
the BREDEM-12 calculation. As BREDEM-8 1s a monthly calculation, 1t has the
advantage that information 1s available on seasonal variations and thus 1t 1s able to

consider solar sensitive energy systems (one of the criteria defined earlier).

Dickson, Dunster, Lafferty and Shorrock (1996) compared the performance ot
BREDEM-8 (and BREDEM-12) against measurements in real dwellings and

predictions from three detailed simulation models (ESP-r, SERI-RES and HTB2). They
found that BREDEM-8 (and BREDEM-12) predicted annual energy consumptions

which were equally as accurate as the detailed simulation models.

BREDEM-8 requires input data for approximately 80 parameters to predict dwelling
energy consumption. Although 80 input parameters may seem considerable, the quantity
of input data required by BREDEM-8 is, of course, commensurate with both the SAP
and BREDEM-12. According to J. Chapman (1991), these models provide the correct
balance between data requirements and predictive accuracy. In addition, both of these

calculation procedures have been used in other urban energy models (e.g. EEP,
BREHOMES and NHER described in Chapter 2) where data collection problems have

been overcome.



There should be no problems integrating BREDEM-8 into the SEP system where it
should be capable of generating results quickly. The model does not require much user

expertise. BREDEM-8 appears to adequately meet all the criteria defined earlier and

thus 1t was chosen as the domestic energy model for the SEP system.

3.3 Description of BREDEM-8

BREDEM-8 1s a simple steady-state model that can be used to calculate the monthly
energy consumption in dwellings for space heating, water heating, lighting, electrical
appliances and cooking. There 1s also an optional section to consider the effect of a
conservatory. This 1s not considered in the present study. Space heating energy
requirement 1s calculated using an analytical approach balancing heat losses against
gains. Empirical functions estimate quantities such as the utilisation of gains.
Predictions of energy consumption for water heating, cooking, lights and appliances are
based on measurements of actual consumption. Figure 2 shows the energy balance
principle used in BREDEM-8. The following sections briefly describe the model.
Further details about the model are given in Appendix A.

A \ Losses

Il‘i Windows
J Walls,

- i floors,
.! roof

IlI Ventilation

Occupants Lm

SRR

Figure 2. Schematic illustration of the energy balance principle used in BREDEM-8.
(From Anderson et al., 1997.)

46



3.3.1 Water heating

[n BREDEM-8, the hot water demand 1s calculated based on the number of occupants.

The different forms of heat loss are then calculated.

o Tank losses are determined from the volume and insulation of the tank.
o Primary pipework losses depend on the level of insulation surrounding the pipes and
the presence of a hot water cylinder thermostat.

o Distribution losses between the cylinder and the tap are based on the energy leaving

the tap.

Although BREDEM-& can calculate the contribution from a solar panel, this procedure
was 1gnored 1n the SEP system as solar DHW 1s considered more rigorously using the
approach described in Chapter 4. The monthly hot water energy requirement can then be
calculated assuming demand to be uniform throughout the year. The delivered fuel
requirement depends on the efficiency of the water heating appliance. Finally, an

estimate 1s made of the hot water gains.

3.3.2 Lights and apphiances

The estimation of electricity used by lights and appliances 1s important because as
households make increasing use of electrical appliances, the electricity expenditure
becomes a large proportion of the total fuel expenditure. The electricity consumption for
lights and appliances is calculated based on the total floor area of the dwelling. If the
actual number of occupants 1s known, this can be used to produce a more accurate
prediction. The electricity use is reduced for low energy lights and increased for heating
or ventilating pumps and fans. The monthly energy consumption and gains are

estimated assuming electricity demand to be uniform throughout the year.
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3.3.3 Cooking

The delivered fuel requirement for cooking varies with the number of occupants and the
type of fuel used. The monthly cooking fuel use and cooking gains are estimated

assuming demand to be uniform throughout the year.

3.3.4 Space heating

To estimate the space heating requirement, BREDEM-8 divides the dwelling into two
zones. Zone 1 represents the living area which is heated to a higher temperature than
zone 2, the rest of the dwelling. Zone 1 is always fully heated but zone 2 can be only
partly heated or unheated. The use of this two-zone approach means that for ease of use.
BREDEM-8 requires implementation on a personal computer (PC). (By contrast,
BREDEM-9 (the SAP) 1s a single zone model that can be calculated by hand on a

worksheet.)

It 1s necessary to calculate the fabric and ventilation losses (i.e. the specific loss) for
each zone. Interzone heat transfer is also considered as this affects the temperature
difference between the two zones. Solar gains are calculated for every opening in both
zones and the metabolic gains are also determined. These gains are added to those
previously calculated for water heating, lights, appliances and cooking to give the total

gains. The gains are distributed between the two zones as shown in Table 3.

Table 3. Distribution of gains. (Redrawn from Anderson et al., 1997.)

- Gain B B _J Zone 1 ___{ Zone 2 | Kitchen®
Cooking | None None | 100%
Water heating None  150% | 50%
Lights and appliances | 30% | 20% | 50%

| Metabolic | 50% | 50% | None B

| Solar | Zone 1 openings | Zone 2 openings | Kitchen openings

“The kitchen gains are allocated to the zone in which it is situated (usually zone 2 but in
an open plan arrangement, the kitchen could be in zone 1).



The space heating requirement depends on the temperature difference between outside
and 1nside. The mean monthly external temperatures for twenty-one different regions
are given in the BREDEM-8 model description. These regions are shown in Appendix

A. BREDEM-8 calculates the mean internal temperature of each zone from the zone

demand temperature (1.€. the temperature required by the occupants during the heating
period) and the zone background temperature (i.e. the resultant temperature if there was
no heating). This 1s explained in more detail in Appendix A. With the internal and
external temperatures and the heat losses and gains now determined for each zone, the
monthly space heating requirement can be calculated. It should be noted that a degree
day approach (described in Appendix A) similar to that used in SAP and BREDEM-12
1s not used in BREDEM-§ as 1t was found to only make a small difference which did
not justify the increased complexity (Anderson et al, 1997).

BREDEM-8 then calculates the delivered fuel requirement based on the efficiencies of
the heating systems 1n the dwelling. A maximum of two heating systems can be
specified. A primary system, €.g. gas fired central heating or electric storage heating,
and a secondary system which provides additional heat when required, e.g. gas, electric

or coal fires.

3.3.5 Total energy consumption

The total energy consumption of the dwelling can then be determined by summing the
individual energy requirements 1.e. water heating, lights, appliances, cooking and space
heating. This is calculated on a monthly basis but these values can obviously be added

together to estimate the annual energy demand.

3.3.6 Implementation in the SEP system

As no suitable computer implementation of BREDEM-8 exists, one was implemented in

the SEP system as a database application (Rylatt, Gadsden, Lomas, in press). The
implementation of BREDEMS-8 links to an underlying relational database storing

dwelling data and to the MaplInfo GIS to permit visualisation of results.
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3.4 Dwelling classification system

As mentioned 1n Section 3.2, BREDEM-8 requires input data for approximately 80
parameters. This poses considerable problems for energy modelling on an urban scale.
Leicester, for example, has approximately 110,000 dwellings. It 1s extremely unlikelyv
that sufficient data will become available for every property to allow a full BREDEM-§
calculation to be performed. To overcome this problem of data collection, a dwelling

classification system was developed as part of the approach described 1n this thesis.

The proposed dwelling classification system aims to provide a reliable platform for
estimating the baseline energy consumption of a dwelling 1.e. the energy consumption
assuming all default input data. Defaults are derived from traceable sources and can be
applied to any region 1n the country. As detailed data becomes available for a specific
region or urban area, i1t can be incorporated into the dwelling classification system to
modify the defaults and enhance the baseline prediction of energy consumption. The
dwelling classification system divides the input data required by BREDEM-8 1nto just
six categories as shown in Table 4. Each category 1s described in turn 1n the following

sections to show how default values were derived for every input parameter.

3.4.1 Category 1: Regional location

BREDEM-8 considers the United Kingdom to be divided into twenty-one difterent
regions (Appendix A). By reference to the regional location of a dwelling, the site

latitude, horizontal solar flux, wind speed and monthly external temperature at sea level

are available from BREDEM-8 reference tables. The height of the dwelling above sea

level is available from a digital urban map such as the Ordnance Survey’s Land-Line

Plus.

3.4.2 Category 2: Built form

Various studies exist showing dwellings classified according to their built form (e.g. P.

F. Chapman, 1994; WSA, 1996). The classification system used in the NHER software
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(Section 2.2.5) and the Home Energy Survey Form (NEF, no date) distributed by
Energy Efficiency Advice Centres was adopted for the approach described in this thesis.
This was selected as local authonties already have considerable data stored in this

format. The proposed classification system divides dwellings into six main classes of

built form:

1. detached:;

2. semi-detached;

3. end terrace;

4. mid terrace;

5. mid terrace with unheated connecting passageway;
6. flat.

The built form of a dwelling can usually be inferred from inspection of its outline on a
digital urban map or by site survey. Although flats are one of the main classes of built
form listed above, they can take many different forms. For example, the 1996 EHCS
(DETR, 2000a) divides them 1nto purpose built high rise flats, purpose built low rise
flats and converted flats. They represent 1.6%, 13.2% and 4.5% of the English dwelling
stock respectively (a combined total of 19.3%). Flats can also be classified as either
ground, mid or top floor which complicates the description of their built form still
further. Therefore, it was decided to remove flats to a separate list for consideration on
an individual basis. It 1s possible to highlight blocks of flats on a digital urban map
because each individual flat has its own address point. If a dwelling has more than one

address point, 1t can be classified as flats.

Although knowledge of the built form is important, it is not enough 1n 1tselt to generate
the geometrical data required by BREDEM-8. To determine all the element areas
required by BREDEMS-8 it is necessary to know, at the very least, the ground tloor area
and the exposed perimeter of the dwelling. Detailed site surveys are time-consuming
and expensive and therefore attention turns to estimating these values from the digital

urban map.
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In a typical GIS view composed of one or more superimposed map layers. building
outlines, referred to as footprints, appear to form closed polygons. This is not the case.
A building outline 1s formed from one or more intersecting polylines — graphical objects
with numerous line segments. A closed polygon can be created by manually drawing
round the visual outline of the footprint on an additional superimposed layer. The EEP
model (Section 2.2.3) uses this approach. This is an extremely time-consuming exercise
to contemplate on a large scale even though it is still much cheaper than the alternative
of site survey. To overcome these problems, a customised GIS tool known as the
‘Footprint Tool” (Rylatt, Gadsden & Lomas, in press) was developed by the software
engineer employed on the EPSRC project. The Footprint Tool automatically extracts the
outline ot buildings as closed polygons, or footprints, from digital urban maps such as
the Ordnance Survey’s Land-Line Plus. Once the Footprint Tool has identified the
closed polygon, it can readily calculate the ground floor area. For the majority of
dwellings, the roof area 1s approximately equal to the ground floor area (P. F. Chapman,
1994). This assumes that roof insulation 1s applied horizontally. The dwelling
classification system uses this assumption as the default for all domestic properties. The
Footprint Tool can also determine the lengths of the dwelling walls and their nature

(party, external, etc.) can be described.

Software was also developed to automatically determine the onientation of the dwelling.

This calculates the angle subtended from north to the principal fagade (1.e. the tagade

parallel to the road). This allows the orientation of windows and doors to be estimated
by assuming that they are located on the front and rear fagades of the dwelling. Table 5

lists all the data which can be extracted from the digital urban map.

Table 5. Data extracted from the digital urban map.

| Data extracted from the digital urban map

| Height of the dwelling above sea level
Built form of the dwelling

Ground floor area of the dwelling

| Lengths of the dwelling walls _

| Nature of the dwelling walls (e.g. party, exposed, etc.)

| Ornentation of the dwelling
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Of course, it 1s not possible to automatically infer the number of storevs of a dwelling
from its built form. Local user knowledge, however, may allow the number of storeys to
be specified with a reasonable degree of certainty. Where the user is unsure, it is
proposed that two storeys are entered as the default. (From rapid site survevs. it was
clear that the majority of dwellings have two storeys.) P. F. Chapman (1994) provides a
relationship between the age of a dwelling and the height of its storeys: 2.6m pre-1950,
2.5m 1950-1965 and 2.4m thereafter. From a knowledge of the number and height of
storeys (assuming every storey has the same plan), the dwelling total floor area, gross

external wall area (1.e. wall area including windows and doors) and volume can be

calculated.

A turther complication i1s that BREDEM-8 requires a dwelling to be divided into two
zones. The definition of these zones is different for each built form and so defaults were
developed for the dwelling classification system described in this thesis. These defaults
are based on standard dwelling configurations defined by Allen and Pinney (1990) of
the BRE. They consider these standard dwelling configurations to be representative of
each type of built form within the UK dwelling stock. Appendix B describes in detail
the process used to derive these defaults. Tables 6 and 7 show the default input data for
dwellings with one storey (i.e. bungalows). Tables 8 and 9 show the default input data

for dwellings with two or more storeys.

Table 6. Default input data independent of built form: dwellings with one storey.

BREDEM-8 input parameter | Default value

Number of storeys | 1 3

Relation of zone 1 to zone 2 | 1 storey dwelling
| Zone 1 door area | 0 -

Zone 2 door area 2 standard doors

Front facade = 1.64m°
. | Rear facade = 1.64m’
Zone 1 roof area | 20% of dwelling ground floor area
Zone 2 roof area | 80% of dwelling ground tloor area




Table 7. Default input data dependent on built form: dwellings with one storey.

Input Parameter | Detached o B Semi-detached
| Dwelling exposure factor | Exmsii 4 sides ) | 3
 Zone 1 ground floor area | 20% of dwelling ground floor area _]- 20%
Zone 2 ‘ground floor area | 80% of dwelling ground floor area | 80%
| Z_one | total<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>