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1. Introduction 
 
This document describes the main components of the computer-based UK Domestic 
Carbon Model (UKDCM), developed as part of the 40% House project by a research 
team comprising members from the Environmental Change Institute (University of 
Oxford), Heriot-Watt University, and the Built Environment Research Group at the 
University of Manchester (formerly part of the University of Manchester Institute of 
Science and Technology). 
 
2. Purpose 
 
The aim of the UKDCM is to provide the analytical capacity for projecting energy use 
and carbon emissions from the UK housing stock into the future. It allows the 
operator to set a wide range of input variables, so that the effects of different policy 
choices can be evaluated in terms of the energy and carbon savings they might be 
expected to achieve. 
 
3. Overview  
 
3.1 Use of scenarios 
 
The development of the UKDCM has prioritised disaggregation and data richness, 
making it a complex analytical tool. The use of scenarios provides a broad socio-
economic context for manipulating variables in the model, allowing more coherent 
views of the future to be developed. There are four basic scenarios included in the 
architecture of the UKDCM, following the work of the government’s ForeSight 
programme, which sets a widely followed framework for modelling work (see 
background document B on ForeSight). The UKDCM architecture is not limited to the 
four ForeSight scenarios, however: additional scenarios can be developed at will. 
The 40% House report is based on a new scenario (known as the 40% House 
scenario), which evolved from discussions within the research team. A key 
consideration was demographic change: of the four ForeSight scenarios only LS 
achieved the 60% carbon reduction by 2050, at least partly because it includes 
projections for total population and household size that make the target less 
challenging. The 40% House scenario took as its starting point the best available 
projections for demographic change, and assessed what level of social and 
technological change would be required to make deep cuts in carbon emissions at 
the same time as a substantial growth in the total number of dwellings. 
 
3.2 Summary description of model 
 
The baseline year is 1996 with projections to 2050. The UKDCM tracks changes to 
the housing stock – refurbishments, demolitions, new construction, installation of new 
technology, changing internal temperature – all in the context of a changing 
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population, changing household size, and future variability in the UK climate (leading 
to changes in demand for space heating and demand for mechanical cooling). 
 
The UKDCM is essentially a numerical model of energy flows, taking into account all 
the sources of heat gain and heat loss in a stock of dwellings whose characteristics 
change through time. The different energy services and conversion technologies in 
this changing housing stock are also modelled, including space heating (and 
cooling), water heating, cooking and electricity for lights and appliances. Heating 
systems (including low and zero carbon technologies) are modelled in terms of fuel 
inputs, system efficiencies and energy outputs, with an associated environmental 
impact in terms of carbon dioxide emissions. The UKDCM covers all energy use 
within the home, including community heating systems. 
 
The highly disaggregated housing stock model can be manipulated through a large 
set of operator-defined data points. These are numbers that contribute to the energy 
flows modelled, and include such details as internal surface areas, storey height, 
elemental fabric heat loss rates, occupancy, incidental heat gains from occupants, 
solar radiation and lights and appliances. The stock model tracks energy flows in a 
set of dwelling types, defined in terms of age class, region, dwelling type (built form), 
tenure, construction type, number of floors. New dwellings (ie those built since 1996 
and into the future) are grouped together in decadal age classes, allowing the model 
to reflect policy changes, for example in the revision of Building Regulations. By 
2050, the housing stock model comprises over 20,000 dwelling types, with each type 
given a weighting to reflect the make-up of the stock by that date in any given 
scenario. 
 
 
4. Detailed description of the model 
 
4.1 Baseline and sources of data 
 
The baseline for the UKDCM is 1996 or the nearest available date for sources of data 
for which there was no published record in 1996. 
 
The UKDCM makes use of government statistics on energy and housing, as well as 
population. Data from other sources is used to model climate and regions. These 
data sources are summarised in table 1. 
 
Data on … Data source(s) 
Housing stock English House Condition Survey (1996), Scottish 

Housing Survey (1996), Welsh House Condition 
Survey (1998), Northern Ireland House Condition 
Survey (1996) 

Lights and appliances DECADE (Boardman et al 1994, 1995, 1997) 
Population, household 
size 

Government Actuary’s Department (GAD), ODPM 

climate UK Climate Impacts Programme  
UK regions UKBORDERS GIS 
Socio-economic context ForeSight 
 
Table 1 Sources of data for the UKDCM. 
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Figure 1 UKDCM structure showing housing stock model and residential energy 
demand/supply model 

 
 
 
4.2 UKDCM  
 
A summary of the UKDCM is shown schematically in figure 1. Starting from the base 
year of 1996, the future profile of the housing stock is modelled, taking account of 
many variables. These have been somewhat simplified for the UKDCM, as follows. 
 
The number of dwellings in the UK exceeds the number of households by around 3% 
because of the existence of second homes and long-term vacant dwellings. This is 
balanced out to some extent by the fact that around 1.5% of the population live in 
communal establishments.  
 
The size of the future stock of dwellings to 2050 is modelled simply as the net 
change from demolitions and new construction, added to the 1996 stock figure. New 
homes (post 1996) are not treated as candidates for housing fabric refurbishment, as 
the standards in force in the Building Regulations make these homes relatively 
efficient compared to the stock average. All homes (both existing and new) are 
treated as potential for low- and zero-carbon technologies (LZC) and for installations 
of more efficient lights and appliances. 
 
The picture built up of the housing stock to 2050 informs both the heating and cooling 
demand sub-models, providing key data on the total number of dwellings and the 
thermal performance of the stock. The lights and appliances sub-model determines 
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total stock demand for electricity for lights and appliances, based on the model 
developed for the DECADE reports (Boardman et al 1994, 1995, 1997). It also 
calculates useful heat gains from lights and appliances. The heating and cooling 
demand sub-models interact with choices made on the type and number of heating 
and cooling technologies, including conventional boilers fired by fossil fuels, 
community heating with CHP, micro-CHP, heat pumps and renewable energy 
technologies (solar hot water, solar photovoltaics, biomass, building-integrated wind). 
 
Thus, a residential sector energy demand is built up, recording in detail the effect of 
demand reduction strategies and new technology deployment over time. The total 
energy consumption and carbon emissions from the residential sector are calculated 
through an aggregation of results from the various energy sub-models and an 
assessment (made externally to the model) of the likely emissions factors for mains 
energy (gas and electricity) to 2050. 
 

4.3 Housing stock model 

4.3.1 Regions 

The main regional differentiation in the model occurs in England, where almost all 
available data is grouped into Government Office Regions.  
 
Regional information within Northern Ireland and Wales is available, but each is 
assigned as just one region on the grounds that each is roughly equivalent in size to 
an English region, and that further regional sub-divisions would add unnecessary 
detail. For Scotland, some regional differentiation would be justified by the size of the 
country and the regional distribution of population and dwelling types, with urban 
centres and tenements concentrated in the central belt between Glasgow and 
Edinburgh. However, the Scottish Housing Survey does not provide any information 
on the geographical distribution of the dwellings surveyed. As a result, Scotland is 
treated as one entity without regional divisions. 
 
Table 2: Classification of UK countries and regions 
Geographical 
classification 

Name 

1 North East 
2 North West 
3 Yorkshire and the 

Humber 
4 East Midlands 
5 East Anglia 
6 West Midlands 
7 South East 
8 South West 
9 London 
10 Wales 
23 Northern Ireland 
25 Scotland 
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4.3.2 Age class 

The date of construction of all dwellings is specified as an age class, for both existing 
and future dwellings. Available age classes for pre-1996 dwellings are set according 
to the format of the various House Condition Surveys used in the model – for future 
dwellings, age classes have been arbitrarily set to decadal, with the exception of the 
first two age classes for the period 1997-2010. Age classes vary slightly between 
different House Condition Surveys, and are shown below 
 
Table 3: Age class categories across House Condition Surveys 

Age Class England & Wales 
Build Dates 

Scotland Build 
Dates 

Northern Ireland Build 
Dates 

1 Pre 1900   
2 1900-1918 Pre 1919 Pre 1919 
3 1919-1944 1919-1944 1919-1944 
4 1945-1964 1945-1964 1945-1964 
5 1965-1980 1965-1982 1965-1980 
6 1981-1996 1983-1996 1981-1996 
7 1997-2003 1997-2003 1997-2003 
8 2004-2010 2004-2010 2004-2010 
9 2011-2020 2011-2020 2011-2020 

10 2021-2030 2021-2030 2021-2030 
11 2031-2040 2031-2040 2031-2040 
12 2041-2050 2041-2050 2041-2050 

 
 

4.3.3 Tenure 

Dwelling tenure is specified for all existing dwellings – the default tenure distribution 
for future dwellings is the 1996 tenure distribution. Tenure is set according to the 
format of the various House Condition Surveys used in the model, and varies slightly 
between different House Condition Surveys.  
 
Table 1: Tenure Categories in the four House Condition Surveys 

Tenure English Tenure Scottish Tenure Northern Ireland 
Tenure 

Welsh Tenure 

1 Owner Occupied – 
Own Outright 

Owner Occupied Owner Occupied  

2 Private Rented Private Rented Private Rented  
3 Local Authority Local Authority Local Authority  
4 RSL (Housing Assoc) RSL (Housing Assoc) RSL (Housing Assoc)  
5 Vacant  Vacant  
6 Owner Occupied – 

Own with Mortgage 
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4.3.4 Dwelling Type 

Dwelling type is specified for all existing dwellings. Dwelling type is set according to 
the format of the various House Condition Surveys used in the model, and varies 
slightly between different House Condition Surveys.  
 
Table 2: Dwelling Type Categories in the House Condition Surveys 

Type English & Welsh 
Dwelling Type 

Scottish Dwelling 
Type 

Northern Ireland 
Dwelling Type 

1 End Terrace End Terrace End Terrace 
2 Mid Terrace Mid Terrace Mid Terrace 
3 Semi-Detached Semi-Detached Semi-Detached 
4 Detached Detached Detached 
5 Temporary Four-in-a-block Temporary 
6 Purpose Built Flat Tenement Purpose Built Flat 
7 Converted Flat Converted Flat Converted Flat 
8 Unknown Tower Block Unknown 

 
 

4.3.5 Construction Type 

Construction type is specified for all existing dwellings – future dwellings are not 
dependent on construction type as a maximum u-value is specified under the building 
regulations. (The construction type of future dwellings will impact on their thermal 
cycling characteristics, which may in turn impact on demand for cooling – this will be 
treated separately to the thermal loss U-value being discussed here.) Construction 
type is highly summarised from the various House Condition Surveys used in the 
model, as follows:  
  
Table 3: Construction Type Categories in the House Condition Surveys 
 
Value Meaning England & Wales Scotland Northern Ireland 

1 Solid  Solid boxwall 
masonry 

All solid walls Solid boxwall 
masonry 

2 Cavity  Cavity boxwall 
masonry 

All cavity walls Cavity boxwall 
masonry 

3 Concrete All boxwall, 
crosswall and 
frame concrete 

In situ or pre-
cast 

All boxwall, 
crosswall and 
frame concrete 

4 Timber All timber Frame All timber 
5 Metal Frame Frame Frame 
6 All Other Unknown All other Unknown 

 

4.3.6 Number of Floors 

The number of floors in each dwelling is given by the relevant House Condition 
Survey. Values in the model are as follows:   
 
Table 6. Number of floors in the UKDCM 
 
Value Meaning 
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1 Single storey dwelling 
2 Double storey dwelling 
3 Three storey dwelling 
4 Four or more storey dwelling 
99 Unknown 

 

4.3.7 Disaggregation 

The table below summarises the level of disaggregation within the stock model. 
There are over 20,000 valid configurations that can be derived from the 
disaggregation in the model (9 regions, 12 age classes, 10 dwelling types, 6 tenure 
types, 4 classes for number of floors, and 6 construction types). This is the number of 
dwelling types modelled in 2050: earlier periods have correspondingly fewer dwelling 
types, as they include fewer age classes.  
  
Table 7: Disaggregation in the UKDCM (future age classes shaded) 

Region Age Class Dwell Type Tenure Type Num Floors Construction 
1 1 1 1 1 1 
2 2 2 2 2 2 
3 3 3 3 3 3 
4 4 4 4 4 4 
5 5 5 5  5 
6 6 6 6  6 
7 7 7    
8 8 8    
9 9 9    
 10 10    
 11     

 12     
 
 

4.4 Fabric heat loss 

In addition to the above six classification parameters, Double Glazing, Loft Insulation 
and Wall Insulation have been included as defining characteristics of the energy 
performance of individual dwellings:  
 

1. Double Glazing: is either present (>50% of windows in the building) or absent 
(<50% of windows in the building). Window frame performance is not 
considered, while whole of window U-values are specified on the presence or 
absence of double glazing, and the age class of the building.  

2. Loft Insulation: is either present or absent. Where present, the loft insulation 
thickness is given, or in the case of post 1980 dwellings, U-values are 
specified in line with the building regulations in force at the time of 
construction. Where absent, it is noted whether it is possible to install the 
insulation or not. 

3. Wall Insulation: is either present or absent (either cavity wall insulation for 
cavity walled buildings, or external insulation for solid walled buildings). 
Internal insulation is not modelled as a separate option for solid walls 
(although it is recognised that internal wall insulation will be preferred in some 
situations). Where desired, the operator may specify heat loss rates for cavity 
walls which imply the need for internal/external cladding as well as insulation 
in the cavity.  
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4.4.1 Modelling fabric heat loss 
 
The thermal properties of exposed building elements are modelled in terms of 
elemental U values, expressing heat loss per unit surface area for a given 
temperature difference between inside and outside. The effects of thermal bridging 
are not dealt with separately, but are subsumed within the U values assigned to 
different building elements. U values are assigned on an annual basis, typically using 
decadal average values and interpolated annual figures. For the purposes of keeping 
the data a manageable size, outputs from the model are typically quoted as decadal 
averages. 
 
4.4.2 Modelling take-up of energy efficiency measures 
 
Refurbishment may include one measure, but not others; improvements made at 
different times may lead to differences in performance, with an assumption that the 
standards set for retro-fitted thermal insulation will tend to improve over time (subject 
to the physical constraints imposed by the building stock, and assuming no ‘miracle’ 
technologies to revolutionise either the performance of the insulation in use or the 
ease and cost of installation). With three energy efficiency refurbishments modelled 
(improved thermal performance of roof, glazing and walls), there are eight 
permutations of possible improvements. These permutations are weighted in the 
model to give an end-point in 2050, expressed as the percentage of homes with no 
improvements, the percentage of homes with all possible improvements, and 
percentages for all the other possible combinations. Interpolation of take-up rates to 
reach the 2050 end-point may be linear or S-curved.  
 
In the example shown in table 8, 15% of solid-walled homes are deemed to have 
insulated walls. Wall insulation is not done on its own, but only in cases where all 
measures have been taken up. Loft insulation is present in 95% of solid-walled 
homes: in 5% this is the only measure; in 75% it is in combination with double glazing 
only; in 15% in combination with all measures. The 5% of solid-walled homes without 
loft insulation have double glazing only. 
 
The permutations for cavity wall insulation are weighted differently, reflecting the 
lower cost and ease of installation of cavity wall insulation compared with solid wall 
insulation. In the example in table 8, 90% of cavity-walled homes have all three 
measures. Of the remaining 10%, half have both loft insulation and double glazing 
(5% of total) and the other half just have double glazing (5% of total). 
 
The parameters for refurbishment in the evolving stock model can thus be changed 
by changing the weighting assigned to the different permutations. 
 
 none Loft 

only 
Wall 
only 

Glaz. 
only 

Loft, 
wall 
only 

Loft, 
glaz. 
only 

Wall, 
glaz. 
only 

all total 

Solid 
walls 

0 0.05 0 0.05 0 0.75 0 0.15 1.0 

Cavity 
walls 

0 0 0 0.05 0 0.05 0 0.9 1.0 

 
Table 8 Example of end-point setting for energy efficiency uptake scenarios in 
the UKDCM 
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These sorts of assumptions about take-up rates are combined with insulation values 
and the housing stock model (both changing over time) to give a model of the impact 
of refurbishment works across the entire stock. 
 
 
4.4.3 Thermal performance of glazing 
 
Every dwelling type has a different level of double glazing in 1996, based on the data 
from the House Condition Surveys. The incidence of double glazing then increases, 
following the path laid down for the uptake of glazing improvements (a series of 
target end-points for different dwelling types and a curve shape determined by the 
operator for interpolating intermediate data points). The same method is used for 
every dwelling type, but the individual trajectories are different, depending on their 
starting point. They converge to the same incidence rate in 2050. 

 
However, double glazing installed at different times will have different thermal 
characteristics. As a result, an evolving stock model is used to disaggregate the 
percentage incidence of double glazing into actual numbers of houses each year. A 
retirement rate is applied to simulate upgrades, and different average U-values are 
specified for the different age classes during which the double glazing is installed. 
Implicit in this is the assumption that there is no degradation in performance over 
time, other than loss from the stock. 
 
Inputs to the heat loss calculation are: 

1. Window Area (calculated) 
The window area of dwellings is a function of the dwelling size and type: window 
area is specified as a percentage of the exposed wall area (as described in the 
Walls section), with the following percentage levels of windows in exposed walls: 

 End Terrace, Semi-Detached and Unknown: 30% of front and rear 
exposed wall area 
 Mid Terrace, Purpose built and Converted Flats: 25% of exposed wall 
area 
 Detached and Temporary: 20% of exposed wall area 

 
 
2. Window U-value 
The average window u-value for each category is calculated as the stock model 
u-value for double glazed windows times the percent of windows double glazed 
plus the age class specified u-value for the remainder of the window area in the 
category. 
 
3. Percentage Glazed  
This is calculated from the EHCS, but is an interpretation of their figures of none 
(interpreted as 0%), less than half (33%), more than half (67%), all (100%).  

  
 

4.4.4 Thermal performance of Cavity Walls 

This is approached in a similar manner to double glazing, with different levels of 
insulation apparent for every category of cavity wall in 1996 (although the majority 
are 0%). The incidence of cavity wall insulation increases, following the path laid 
down for the take-up of cavity wall insulation (a series of target end-points for 
different dwelling types and a curve shape determined by the operator for 
interpolating intermediate data points). The same method is used for every dwelling 
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type, but the individual trajectories are different, depending on their starting point. 
They converge to the same incidence rate in 2050. 
  
Cavity wall insulation installed at different times may have different thermal 
characteristics, and may degrade over time. As a result, an evolving stock model is 
used to disaggregate the percentage incidence of cavity wall insulation into actual 
numbers of houses each year. A reduction in performance rate (typically 1% pa) is 
applied to simulate reduced performance over the years, and different average U-
values are specified for the different age classes during which the cavity wall 
insulation is installed.  
 
The evolving stock model calculates U-values for cavity wall insulation weighted by 
the amount of degradation in the cavity wall insulation; this weighting occurs at a 
level of disaggregation including region, age, and tenure, with construction set to “2” 
and dwelling type not included. 
 
The width of the cavity in cavity walls varies, primarily by age class. In certain 
circumstances, the U vale specified for cavity wall insulation may be practically 
impossible with known insulation materials. In these cases, cavity wall insulation may 
be taken to mean ‘insulation of a cavity wall’, including both insulation in the cavity 
and external cladding to improve the thermal performance.  
 
Inputs to the heat loss calculation are:  
 

1. Wall Area  
The exposed wall area is the perimeter times the height (2.5m) times the 
number of stories, and is corrected as follows, with subsequent reductions for 
window area and doors: 
 End Terrace, Semi-Detached and Unknown: 70% of total wall area 
 Mid Terrace, Purpose built and Converted Flats: 40% of total wall area 
 Detached and Temporary: 100% of total wall area 
 Doors: less 2m2 per door as described above. 

 

4.4.5 Thermal performance of exposed solid walls 

The approach to solid wall insulation is identical to that for cavity wall insulation, with 
the exception that the stock model only applies to construction type “1”. No distinction 
is drawn between internal and external insulation of solid walls, and no preference is 
implied for one system over the other in any given situation. Instead, the elemental U 
values in the model are indicative of the condition of the whole stock, with a broad 
view of the scale of improvements required. 
 
Inputs to the heat loss calculation are the same as for cavity walls (see above). 

4.4.6 Thermal performance of roofs and lofts  

The approach to loft insulation thickness is different from the preceeding three 
building fabric parameters. The Base Profiles file specifies the rate of improvement in 
loft insulation, and this rate of improvement is then adjusted to each category of 
dwelling. Since it works in the original units and specifies a final outcome, a stock 
model isn’t required to generate the u-value for the dwelling category each year. 
However, the question remains as to how achievable the rates of improvement are – 
this question is addressed by a stock model, but the only output is to inform the 
report on the consequences of a given improvement path for loft insulation thickness.  
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The evolving stock model determines the thickness of new loft insulation being put in 
each year, given an estimate of the number of dwellings that are being treated in 
each category. The categories occur at a level of disaggregation including region, 
age, and tenure. 
 
A relationship was developed between depth of loft insulation and U-value achieved: 
 
u-value = -0.1867ln(thickness) + 1.2411 
 
 

4.4.7 Thermal Performance of exposed ground floors 

The UKDCM does not model thermal improvements to ground floors. There is clearly 
some potential for improvement, as various case studies show (see, for example, 
EST 2005). However, there is no reliable data for the 1996 baseline. The house 
condition surveys do not take account of the potential for improvement, nor even 
categorise ground floors by construction type. Suspended timber floors are easier to 
insulate than solid ground floors, especially where there is access from underneath 
(eg in a cellar). 
 
Heat loss through floors is not only a function of the insulation material, but also 
depends on the relationship between floor area and ground floor perimeter. 
 
In the absence of a reliable baseline, U values for ground floors in the UKDCM are 
assigned by age class of the dwelling (see below). 
 
Inputs to the heat loss calculation are: 

1. Floor Area (EHCS), corrected by number of floors 
Floor area as given by EHCS is the total useable internal floor area of the 
dwelling – this value is divided by the number of floors where there are three 
or less floors in the building. Where there are more than three floors, the floor 
area value is estimated to be twice the 1st floor perimeter value, as this 
relationship was demonstrated for single floor dwellings.  

 
2. Floor U-value by age class (guess) 

The U-value for floors from the different age classes has been guessed to be 
2 [0.8 would be better for uninsulated floors – see below]for all pre-1996 
dwellings, decreasing into the future. 
 
Needs to be revised to reflect Building Regs history 
 
Age class  Floor U value notes 
1 0.8  
2 0.8  
3 0.6  
4 0.6  
5 0.48 Weighted average of changing building 

regulations over the period 
6 0.38 Weighted average of changing building 

regulations over the period 
7 0.3 Weighted average of changing building 

regulations over the period 
8 0.2  
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9 0.09  
10 0.09  
11 0.09  
12 0.09  
 
 

3. Building type, correcting for purpose-built and converted flats.  
Only ground floor flats will have ground floors that are not party floors, and 
therefore suffer a net loss of heat. The model assumes that any purpose built 
or converted flat will have only one tenth the total floor area of the block on 
the ground floor, therefore dwellings in this category have had their floor area 
divided by 10. This guess could be improved by using the EHCS value for 
storey number to give some indication of the number of floors in the block of 
flats (assume that, on average, the floor number represents the middle of the 
block), and would therefore weight the floor area appropriately.  

 

4.4.8 Thermal performance of doors 

Inputs to the heat loss calculation are: 
 
1. Building type (EHCS) 

The base assumption is that all building types have two exposed doors, with 
the exception of purpose built and converted flats which have one exposed 
door. The door area is independent of the size of the dwelling, and is 2m2 per 
door. 

  
2. Door U-value by age class 

The u-value for doors has been set at 3.0 for all pre-1996 age classes and 2.0 
for all post-1996 age classes.  

 
 
4.5 Ventilation heat loss 
 
There is no good data on the air change levels of the sample houses in the house 
condition surveys, so a stock average baseline for ventilation heat loss was 
calculated as 3,340 kWh per dwelling in 1996, derived from data in the Domestic 
Energy Fact File (Shorrock and Utley 2003). 
  
The approach adopted uses an air change figure for dwellings based on their age 
class, level of double glazing, and floor area. Older dwellings are deemed to have 
higher air change rates than newer ones; double glazing is deemed to be more 
airtight than single glazing; larger dwellings are deemed to have lower air change 
rates than smaller ones. These qualitative statements are quantified as follows: 
 

• Age Class: assigned a value of 0 for age class >4, 2 for all other age classes; 
• Double Glazing: assigned a value of ((1-% double glazing)*2) 
• Floor Area: assigned a value of 0 for floor areas >90m2, 1 for all others. 

 
These assigned values are combined to form: 
 
Air Changes = 0.5 + [Age Class value] + [Double Glazing value] + [Floor Area value] 
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By using this approach, all air change values are constrained in the range 0.5 to 5.5. 
Calibration with the Domestic Energy Fact File data shows that this results in a 
ventilation heat loss figure around 30% higher than actual, and a correction factor of 
0.705 is therefore applied. 
 
4.6 Size and shape of dwellings 
 
The UKDCM does not take account of the likely effect of extensions to buildings or 
conversions (eg from one house into several flats), although it is recognised that both 
activities are set to continue. Extensions (increasing space and energy demand per 
household) and conversions (reducing space and energy demand per household) 
tend to cancel each other out. 
 
The size of future new dwellings is expressed as a stock average floor area per 
decade. For the sake of simplicity, floor plans are assumed to be square. The 
alternative would be to create a potentially large set of dwelling designs and to 
estimate the relative proportions of each to be built over the next 45 years. Such an 
exercise was deemed to be futile, given the inherent unknowability of future building 
design. 
 
Ceiling heights are operator-defined data points in the UKDCM, in recognition of the 
fact that ceilings have become lower in recent years. The UKDCM requires storey 
heights to be specified. 
 
4.7 Demolition and new construction 
 
The number of dwellings is a simple sum of the stock in 1996 (baseline) plus new 
construction and minus demolitions. It is possible to target demolition by region, age 
class, built form etc. Construction can be targeted by region. The default setting is for 
average rates to apply uniformly. 
 
The impact of demolition on refurbishments is accounted for in the evolving stock 
model, which tracks the increases in wall insulation, window improvements and loft 
insulation year by year. The useful heat demand across the stock changes as these 
refurbishments increase, and the impact of demolition in terms of how much heat 
demand is removed also changes. The model assigns demolitions for a particular 
category of dwelling and corrects the energy saving figure according to the proportion 
of homes in each category which have had refurbishment measures installed by that 
date. 
 
4.8 Internal and external temperatures 
 
Internal temperatures can be set as a decadal average for two heating zones within 
the dwelling, following the approach taken by BREDEM, which allows for provision of 
a living area (zone 1) temperature and a sleeping area (zone 2) temperature. Zone 1 
is usually larger in floor area than zone 2, and zone 1 temperatures are usually 
higher. The relative size of the zones and the set point temperatures for each are 
operator-defined data points.  
  
4.9 External temperatures and future climate model 
 
The inherent uncertainty of the effects of climate change has led to the development 
by UKCIP of several scenarios of the future climate in the UK. Following the 
ForeSight scenarios, UKCIP have developed four future climate scenarios: low, 
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medium-low, medium-high and high. Data from these scenarios are used to give 
future external temperatures, which in turn determine energy demand in the heating 
and cooling sub-models of the UKDCM. The operator-defined variable with regard to 
future climate is limited to the selection of one of four climate scenarios. 
 
 
4.10 Cooling demand model 
 
Cooling demand was modelled externally to the UKDCM, using proprietary APACHE 
software and a single model dwelling in four locations: Edinburgh, Manchester, 
Cardiff, Heathrow. Cooling demand is calculated for the four future climate scenarios 
(UKCIP 2002). The detail of this modelling work is described in more detail in the 
background document E on climate and cooling. 
 
 
4.11 Heating demand model 
 
Heating demand is modelled as a function of the future climate scenario, the future 
internal temperature set points and the total heat loss rate across the entire stock. 
The heating demand (in useful energy) feeds into the heating & hot water system 
model. 
 
4.12 Heating & hot water system model 
 
Using the output data from the heating demand model, a number of different heating 
technologies are available to be modelled into the future. The proportional uptake of 
each technology is an operator-defined data point, as are the efficiencies of the 
technology over time (allowing for technical improvements and/or step changes in 
technical specification, as between CHP with Stirling engine generators moving to a 
more efficient fuel cell configuration). 
 
4.13 Lights & appliances model 
 
A stock model for lights and appliances was constructed separately from the UKDCM 
and the assumptions behind it are described in more detail in background document 
O on Technical Potential. 
 
Electrical energy to power lights and appliances is counted as an incidental heat 
gain, with the exception of domestic wet appliances, where a significant proportion of 
the energy in the appliance is rejected from the dwelling in the form of waste hot 
water. 
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