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mogels used for forecasting of future energy
are often aconometrically based and do not
¢ to look in detail av end uses of energy.
ML pecome clear in recent years tnat this
ks ~ to energy forecasting can produce more
estimates of [(uture demand in the
:::t;::;cseccar \f it Ls used in conjunction with
socels which cover important pnysical and social
aseters and the contraints which these lapose
t2eupb 1990; Gruoo 1991). Such complementary
socels provide insights wnlich would othervise be
sissed. The BREHOMES model meets the requirements
of sucn a complementary model for one particular
part of the building sector = it is a physically
pased model of enargy use in the United Kingdom
pousing stock which also takes account of social

aspects.

This paper explains how BREHOMES works,
describes the data which 1t uses and presents
examples of how the model is being used in
practice.

INTRODUCTICN

Traditionally, the forecasting of future
energy demand has been by means of econometric
sathods.
forecasts can be wildly inaccurate (Grubb 1990;
Grupb 1991). The reasons behind this are, with
hindsight, not difficult to see, Everyone now
knows that energy use and egonomic growth are not
rigldly tied together. Physical and social
parameters also come into play = and these lampose
constraints wnich a purely econometric approach
does not take lnto account.

To give a simple example, pecple do not heat
their homes to ever higher temperatures just
because they can afford to do so = there comes a
point at which the ocoupants ars comfortable and
Seyona wnich they will not go. There are many
other such aaturauion effects which operate,
Clearly, thase effects must De taken Into account
LT energy forecasts are to be as reallistic as
Jossible. At the vary least, there (3 a need for a
Anysical approach te farecasting [taking account of
sneial factors), to complement the egconometriq
approacn. Each approach will provide insights that
the other might miss.

This paper describes a physically based modal
which can be used Tor forecasting purposes. The
model ls called BREMOMES /Bullaing Anssarch
Sstablishment Housing Model far Zmer:y Studiss) and
LS LS concerned with the energy use o7 the lUnited
Kingdom hnusing stock (wnich represents about 30%

Experience has shown, however, that such
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of total UK energy consumption). The model was
gonceived as a pollicy advice tool and is routinely
in use for this and other purposes. Some examples
of how the model is used in practice are presented
in this paper.

THE BREHOMES MODEL - GENERAL DESCRIPTION

There are about 22.5 million ngusenolds in the
United Kingdem. Each household uses energy for a
numbar of purposes which can be broadly glassified
38 space heating, water heating, cooking and lights
& asppliances (space coollng s virtually unheard of
in UK dwellings), The number of possible ways in
whlgh housenolds use energy is prooably as large as
the nymber of nouseholds, Clearly it is
impractical, even {{ one had all the data, to do
22.5 million calculations of energy requirements in
order to produce an estimate of the total housing
stock demand. On the other hand, it is quite
possible to use survey data to capture this
variabllity within a reduced lavel of
disaggregation. There are some obvious factors
which must be included in any disaggregation = the
dwelling type (built form) and age, for example.

The BREHOMES model disaggregates the housing
stock into over Y00 categories, defined by 4 age
groups, 17 built forms, 3 tenures and by the
ownership of central neating. For each of these
categories the model does 10 calculations of annual
energy demand. The reason for doing 10
calculations per category is that heating patterns
vary across a broad range - and about 10
representative pattarns are needed to adequately
encompass this range. These 10 representative
patterns are pre-defined but the proportion of
homes having a particular heating pattern vary (rom
category to category, The distribution of heating
patterns varies from one category tO another both
for physical and social reasons. The type of
dwelling, its insulation standard ang the type of
heating sSystem together determine the likely
running costs [or different heating patterns.
These costs, In turn, i(nfluence the choice of
neating pattarn. Home owners are more likely to
heat to higher standards than those who rent
because, in general, they can afford to spend more
on heating their homas.

Thus, the model does over U000 annual
calculations i{n total within each "calculation
loop”. In total, 3 calculation loops are required
hafore the model produces a satisfactory match to
the known annual engrgy consumption of the housing
stock. In broad terms, thersfore, the model
performs arounc 12,000 individual annual
calculations on each run.




Clearly, to to 12,000 =aigulasions routinely
one nweuls o 43¢ 40 anergy =oael Jnich is
sut'ficiently siaple shat it will quiskly produce a
rusult. There {3 n0 pOINL in trying Lo use a
scphisticatea simulation model decause the data
antry and running tlmes “ould be excessive. It 18
Ai30 hignly guestionaclie <naether the end result
<0uld e iny sectar 3y using a simulation model -
Jearing .n aind the uncertainties in some of the
4ata on wnioh the calculatinns have o be based.
dltnin SREHCMES, therefore, LU 13 necessary to use
a2 simpilfle:n #nergy model [or the individual
zalzulations. The modal used by SREHOMES is a
version of 2REQEM (3uilding Fesearch Zstablishment
Jomestic Znergy “odel). BSREDEM (Anderson et al.
1985) is a3 model <nicn (3 hased on practical
axperience of what actually happens |n dwellings.
it L3 cheoretically bDased but (L 3130 contains some
amplirical pracedures. The SREDEM model beneflts
from measuramancs made (n many houses accumulated
over sevaral years. It has jeen axcensively tested
against measurements in occupiad dweillngs and (a3
xnown Lo produce reallstic ~esults (Henaerson and
Sharroek 19806: shorrock et al. 1991). Zven so, the
model |3 2onstancly helng raviewed and (T |
upacated wnenever sufflcient relevant new daca
necomes avallable.

There are a number of verstons of the BREDEM
model, tallored towards particular applications,
but they all snare certain things Lln common. One
of the most (mportant aspects, common to all of the
vaeralons of BREDEM, (s the recognitlon 3f the
influence of soclal factors and the resulting
emphasis on occupant requirementsa. Such
behavioural matters are carefully taken lnto
account. Thus, the model does not 3simply assume
fixed "conventional" {nternal temperatures.
I{nstead, as discussed above, (t uses informatlon on
the times of heating and the heating extent to
datermine mean (nternal temperaturas. This is
particularly i{mportant because partial and
intermittent heating of dwelllngs (s quite common
tn the United Kingdom. In other respects, 3REDEM
L{s broadly similar to other simplified energy
models. The monthly version of BREDEM, for
axampla, bears strong similarities to the model
described {n (SO 9164 (International Standards
Organisacion 1989).

So far, BREHCMES has been described Ln general
terms without apecific refarence to the data which
it uses. In fact, the data and the model are
really inseparacle. For example, the categories
into which the model disaggregates are, td a large
extent, dictated by the form i{n which the dacta (s
collected. In this respect, BREHOMES ls not simply
a model - Lt L3 also a datavase. The statisctical
sources used Dy SREHOMES are numerous. The most
{mportant sources are an annual survey of
tnsulacion ownersnip by Audits of Great 3ritain,
the Digest of United Kingaom Energy Statistics
(Department of Znergzy, published annually), the
Snglisn House Conditlon Survey {Department of the
Zavironment, puolished every 5 years), the 3eneral
Househola Surwey (Office of Population Cansuses and
Surveys, pudlished annually) and the Family
Zxpendlture Survay (Dapartment of Zmployment,
publlshed annually). There are several other
sources wnich also provide usef'yl :~farmation ana
which are usad 23 necessary. ia ada{zion, »f
course, ine ~2search <ark which lad =1 Zhe
davelopment of 3REDEM (3 A furthar inairsct source
of data used 3y 3REHOMES.

None 2f the above mentioned 3ources of :iat.

sufficient on (ts own 3 form a ooherent plutura --

the anerzy use of the United KXingdom housing stanx
Takan together, however, they reprasent 3
considerable amount of reievant lnfcrmation. Thas
BREHOMES model provides the means Lo briag this
information together in a form which (s suiziola
for making predictlons of energy demand or of
savings due to particular anergy «ffiziency
measures.

SREHOMES, therefore, i3 desligned To take
whataver information (3 available and make the nase
posaible use of i{t. This approach may De less
satlsfactory than the alternative of 3 single
survey specifically dedlcated to BREHOMES. Such a
survay, howevar, would de extremely costly.
Avoiding this unnecessary cost by using the
{aformation wnich (s alr=ady collactea (3,
therefore, a more sensible approach. The
operation of the model ansuras that any
lnadequacies (n the data are minimised in the
rasults produced by the model.

THE BREHOMES MODEL - HOW [T WORKS

The oparation of the SBREHOMES modal (s dast
axplained by refarence to Figura 1. This figure
presents 3 much simplifled (llustration of how
BREHOMES works. In particular, only 3 faw of the
many inputs to the BREDEM model are shown and only
1 output (rather than 10) (s indlcated for each
category. Similarly, the data scurces listed on
the left are only a representative selaction rather
than an exhaustive llst. Nevertheless, Figure !
does provide an accurate plcture of the sssential
features of the operation of the BREHOMES model.
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Figure 1. The BREHOMES model of tha anergy use of
the United Kingdom housing stock.

In the centre of the flgure i3 the BREDEM
energy model. To run tha 3REDEM model one needs to
have lnformatlon on the physical characteristics of
the particular dwelllng type under consideration
(areas, U values etc), the occupancy, the demand
tamperatures (le: the sestpoints), fuals used,
sfficianctes ste. This physical and social

informaclon comes, usually afrter some manipulatiofe
from the data sources listed to the far laft of

flgure,
data provides information on the
standards of each catagory 2f dwelling

- from uﬂl?

for exampla, ACB (Audits of Great Bri:llﬂ!“
insulation *




\ U=-values can be deduced. Floor areas ar=
aad from the EHCS (English House

Survey) and these can be used, together
senmetrical considerations {dased on
edrcn A.naings). to estimatae the areas af

.al 2iements. When these are combinea wWith
: .alue astimates, the overall neat loss in

.5 ootainec. These Iigures can then Ye used
3RE3EM model. There are complications, of
The categories f{rom the AG3 do not exactly
se of the EHCS - and AGB refers to Great
- «<nll3t EHCS refers to Zngland. The

~.es usea in the surveys also change from
Consequencly some "common senae"
nave to be made to do the necessary
siLousations.

n3
n «&n

:~ a similar manner, it i3 possible to use the
-.z1 sources =3 ouild up all the inputs necessary
.. ~un ine model. As indicated above, in some
.i13es tnere may be considerable uncertainty
s.~rounding the values which ars used wnilst other
.azuts ire well zharacterised. The way Ln which
+ma ZRIHCMES model works, however, means that the
3 the uacertainties (s minimised, as
1.32u93%ed below.

+r72ct

Myltiplying the energy consumptions calculated
sy 3RZZEM by the number of dwelllngs ln that
s3ategory glves an aestimate of the delivered energy
fsr that category. By summing the results (rom all
sategories one abtains an estimate of the housing
stoex energy consumption. This can then be
se=parad with the known housing stock consumption
tacen from the Digest of United Kingdom Energy
itatiscios (referred to as DES on Figure 1),
a=all daifference batween the estimate and the
\ctual consumption Ls then used to detarmine by how
2uch (t (3 nacessary to alter the demand
tezperatures in order to odbtain a match. The demand
we=peraturas are then altered accordingly and the
salculation loop (s repeated. This continues until
caleulated consumption and the actual
i3n3uaption are reconciled. Three calculaction
\00ps are required to obtaln a satisfactory match.
The demand temperatures, therefors, are used as
Firameters to ensure that the model produces the
sorrect asverall result. Even so, the final
ieajeratures are quite plausible as real setpoint
tesperatures (~20°C in centrally heated dwellinga
md ='3%C (n non=centrally heated dwellings).

The

Thus, although some of the {nputs to the model

:re <ncertain, tha overall result is correct. Thia
*42%, together with the plausidle demand
“#=Seratlures, indicates that the model can be used
:.:n dome confidence at more diaggregated levels
74N ihe <nole stock. Inevitably, howaver, as one
i:.! i3 =are and more dlsaggregated levels the less
:IAT128NT Jne can be In the predictions.
avarizeless, the moagel does use a logleal ana
--13- “ent ipproach throughout. When one ramembers

It tne 2rimary use of the model is for pollsy
3% inen consistency of approach i3 particularly

“ani. Furthermore, the sstimates that one
_.“"5 <iin the model are probadly he best
==33i%.e <ithin the constraints of the data.

A

APFs came -t m‘y
X 1:nly =much better than having only the raw
e %3 mal 7 on.
arhen

A‘-he SREHCMES moaml has been ~un and
a;; :iis_ﬂe,orzbea adove one has 1ssembiad a
) tha energy performance of the United

118 stock for that Earucu-ar 723r.
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The avove procedure nas actually been carried out
for a succession of years. Using the information
whicn this has generated it is possible, therefore,
to assemnle a complete picture of the changes which
nave taken place since the early 1970s. Thus, the
datapase also has 3 time dimension, which is
particularly important for assessing the impact of
energy efficiency pnlicy in practice and for
forecasting what miZht happen in the future. The
hiscorical trends wZere thought to be 30 important
and interesting that a report on these has been
produced (Henderson and Shorrock 1989). It is
planned to regularly update this report as a
routine part of the work on BREHOMES. The flrst
update (Shorrock et al. 1991) should have been
publlshed by the time this paper appears.

In order to make predlctions using the
3REHOMES gatabase it ls neceasary 0 have programs
whicn can directly interrogate the database. These
afford the possibility of using the data wvithout
having to use the BREHOMES model (tself. The
advantage of this (s clearly apparent when one
recalla that each run of the model {nvolves some
12,000 annual calculations! The programs,
however, are still regarded as part of BREHOMES
since the database would de of limlted use without
them. At present, there are three main programa.
The programs are constantly being developad to
improve their "user (riendliness” and their powar
as analysis tools. All the programs make use of
the BREDEM model = the same simplifled energy model
that Ls used by the BREHOMES model (tselfl,

THE BREHOMES PROGRAMS

When using the BREHOMES database there ars,
broadly, three types of question which are most
often asked. This ils the reason why there are
thres main programs - each program i3 designed to
handle a particular type of question.

The programs themselves are called IHCALC,
BREHOMES and DYNAMIC. They are described In
outline below. The name SREHOMES was given to the
first of the programs developed. With hindsight,
this was not a good ldea because Lt can cause some
confusion when statement3 such as "BREHOMES
predicts that...." are used. In practice, however,
the BREHOMES model/datatase and the various
programs are used directly by only a few
Individuals (the authors of this paper) who ars
well aware of the distinction between the BREHOMES
model/database and the BREHOMES program.

The reason why the model/database and programs
ars used by only a few people L3 easy to appreclate
when it |s remembered that thelr primary use (s in
policy advice. Thia type of (nformation and the
assoclated analysis tools could sasily be misused
by people who ars not antirely familiar with them.
Navertheless, one of the overall aims of the work
is to increase the avallaoility of the Information
(hence, Henderson and Shorrock 1989) and to make
the programs more readily usable by others. The
program I[HCALC could probably be safely used dy
anyone who is rsasonaoly familiar with basic
butlding heat loss / enargy calculations. DYNAMIC,
on the other %and, involvas much more than daslc
neat loss / energy calculations (it requires a
thorough xnowledge of recent trands, (or exampla)
and (t i3 important to appraclate the complex links
between the many facctors in order 0 use Lt
affentively, It L3 unlikely, therefore, that




DYNAMIC ~Lll eaver De used by mora than a faw peopln
- althougn 1t is undoubtedly the =most powerful of
the various programs. The 3REHOMES program is
intermediate between IHCALC and JYNAMIC in its ease
af use =~ it wouid require someone who was aware of
many ol tne same things that are required to run
OYNAMIC bur it does not have Juite the same
potential sr serious misuse {2ecause it does not
nave an exdiicit time dimension built iato it).

IHCALC

Somectimes questions
"typical" dwelling. For
might be asked: "What is the annual space heating
consumption of 3 typical pre 1919 semi-detached
house, and how much could this be improved upon
using simplie cnergy efficiency measures? ould It
be feaaible to improve It to match the standard of
a modern semi-cetached house?" To answer questions
such as this one needs the relevant physical and
soclal daca (contained ln the 3REHOMES database)
for the particular categories of dwelllng and an
enargy model which can do calculations on
individual dwellings. IHCALC is designed to
answer thesa types of question. It can be used to
answer a lot alase besides, but it (s always
concerned with indlvidual or representative
dwellings. IHCALC Lls, in fact, simply a
straightforward implementation of the BREDEM model
- with the advantage that it can call up
information directly from the BREHOMES database.

arise concerning a
example, the questions

Bacause IHCALC (s just an Llmplementation of
BREDEM this presents the apportunity for Lt to be
made a little more sophisticated. For example, one
could consider introducing a more datalled
treatment of solar gains., Detailed information on
dwelling orientations within the United Kingdom
housing stock i3 not available. Even a casual
observation, however, would strongly suggest that
it ls actually randomly oriented (thers are
exceptions, of coursa)., Consequently the programs,
and the BREHOMES model, assume average solar gain
factors ln all cases. When one s considering an
indlvidual dwelllng, howsver, {t may be of (nterest
to explore the effact of orientation. For this and
other reasons, a version of LHCALC has deen
developed which uses the monthly SREDEM model.
monthly model has a much (mproved treatment af
solar gains and lts handling of certain types of
heating system is thought to be mora reliable than
the annual models - so there are situatlons when it
is preferable to use this model with the BREHCMES
database. There are plans to make the monthly
IHCALC commerctially available.

The

BREHOMES

Often questions are asked whlich relate to
antire cacegorius of dwellings, or to the entire
stock. For example, the gquestion might be asked:
™ihat would be the effect on national energy
consumption if all lofts wers to be insulated to
the standard currently appliec to new dwaliinga?”,
Thera are, of course, many possible answers to this
question decause i depends on wnat else might
change whiles tha lofts are bdeing Lnsulated (more
homes «will praobably acquire central heating, 30
typical demand temperaturas may change - but, at
the same :time, the overall spaca neating offlclency
#ill probadly improve). The 3REHOMES program
allows this and many other juestions o Je
answared, 1t also ailows some of the possible

concurrent changes Lo e axilared.
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The program,
anawers Lo be obtained so that any answer =nich i3
inally given may be suitably qualifled. In

therefare, allows a range of

general, howaver, the answer wnich would de given
Ls the one which assumes no concurr=nt changes. Ip
other words, the usual answar refers to the
potential energy saving - the saving which would ne
achieved Lf the measure were carried out overnight
so that all else remained the same. This is often
the most useful answer to give because it
represants a very well deflned, albei:
hypothetical, case. Another reason for choosing to
use this answer {s that the BREHOMES program does
not contain an explicit time dimension.
Consequently, although scme concurrent changes can
be specifled, there are many longer term changes
which can not easily be allowed for. The 3REHOMES
program is less useful, therafore, for saying what
is llkely to nappen over long time scales. I[ts
main use i3 for quantifying potential savings -
recognising that these savings are not necessarily
what would bs achieved ln practlce.

DYNAMIC

It will be clear (rom the above discussion 5
that there L3 a further kind of 3juestion which is o
sometimes asked = a question wnicn refars to "real %
time". These types of question are handled uaing a
program called DYNAMIC. Because of the complexity
of the calculations involved, 3such questions can no
longer be focused on {ndividual measures, such as
loft Lnsulation (indeed, it ceases to make any
sense to try to do this because of the complex P
inter-relationships between the many factors). 3
Similarly, it i3 no longer really practicable to do
calculations on parts of the stock. Although, ln =~ 2
the past, separate versions of DYNAMIC were
produced for each tenure group, experience showed
that they were not as useful as the version
considering the stock as a whole.

Consaquently, the questions considered relate
to forecasts for complete "scenarios" for the
entire stock. For aexample, a key question would ‘I
be: "What i3 likely to happen to the energy demand *:
of the United Klngdom housing stock assuming that =«
recent trends continue?". One could then go on to .
ask: "Relative to the "business as usual” scenarioy!
what savings could be made by adopting these i
policles?: a, b, ¢,......". Of course, there i3 an
Inflnite variety of possible policies so Lt i3
important to discipline oneself to limit such
questlions to a few well deflned scenarios covering 4 :
the range of what is thought to be potentlally <
practical. 2

Saw

Questions of the above type can be answersd - = &3
using tne DYNAMIC program. This works by allowing *.
the user to define the phyaical and social 8=
parameters necessary to do a SREDEM calculatlion f?'
the present (already contained in the SREHOMES .
database) and for set years in the future. Settis§
the future parameters requires very careful 'f:z
consideration of past trenas and thelir Likely P
contlinuation and Lt requires that some astisate gt
made of the probable ultimate values : the -
values wnich will be reachea ac some far dl"'"‘g,a L
time in the future)., A iot of affort aust §9 ‘:c. s
preparing this Laformacion prior to using DYNAN
Experiance shows that trying £3 use the progras
4ithout zareful prior preparacion inevitaoly I
£o resulis wnich are, at bdest, difficult o
iaterprat ang, at worst, meaningless.



The DYNAMIC program caiculates energy
sgnsumption at the set years given the laformation
sugalied 5y the user for those years. IC also
‘atarpolites Detween the set years 30 that a
somplace plctura can be assempled of how the energy
sansumption of the housing stock i3 llkely to
:nange assuming a par=zicular scenario. The program
1..9ws projections up to the year 2050, Of course
-n@ caleculated flgures for 2050 =iLll not necessartily
-2 realistic bDecause over such a long timescale
-sgnnologles might emerge which have not even deen
saougnt of yat. The llgures (or 2050 represent the
sest estimata that can be made assuming that there
are no radical new technologies emerging. The real
surpose of allowing projections to 2050 (s to
ansure that the flgures for the earlier years are
scnsistent <ith long term projections of the
12oiteation of Xnuwn technologies. In other words,
.. ansures that the shorter term projections are as
~sajilstic 33 it is possible %o make them.

;ST5 OF THE SREHOMES MODEL / DATABASE AND THE
]

In the previcus sections a number of axamples
of the questions which the programs, together with
the 3REHOMES database, are used to answar wers
discussad, Such questions are typlcal of the type
af information which is requested by Government
Jepartments. Two specific examples follow which
Lllustrate how the model has been used in
sractlce.

One question which has been asked a number of
tizas, and in various forms, over the years ls:
"Yow much energy has been saved Dy the application
of energy efflciency measures in housing?”. A
siaple, but highly misleading, response to this
qjuestion would be to look at how the energy
consumption of the housing stock has changed (since
‘970 it has actually inoreased at about the same
~ite® as the growth in the stock = 30 that the
averaga dwelling consumes much the same now as [t
%2 then) and proclaim: "The application of energy
+f7leiency measurss Ln housing has not saved any
2nergy”. The problem, of course, [s that the
i<astion being asked L3 the wrong one! To respond
sensibly to this question, it (s necessary to turn
‘S around and ask: "What would have happenad to the
“rergy consumption of the housing stock if we had
“ot laproved lts energy afficlency?”.

"he BREHOMES database contains the information
4fich allows this question to be answered, Of
“3urse, there are many possible answers, depending
1 <nat |3 assumed about how other factors would
:::9 *hanged if energy efficiency had not lmproved.

i Ansver which is obviously most useful and
:iierstandable, however, is that which relates to
-iCtars, except energy efflciency, changing in
“anner {n which they actually have done.
jure 2 {llustrates the result of pursulng this
:;;‘ af ~easoning (Shorrock et al. 1991). [t is
oY 3383idla, uith this figure, to answer the
;1;‘::ﬂ~ question in a meaningful way: "It is
.:”;;_E°4 that, if the energy efficiancy of the

b 3tock had not lmproved slnce 1970, then the
*/ 20nsumption necessary to maintain current
3 ff Service within the housing stock would be

"2% nigher than it actuaily is".
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Figure 2. The effact of energy efficiency
(mprovements on the energy use of the
United Kingdom nousing stock

Another axample of how BREHOMES has bsen used
is {n the study of the links betwaen energy use and
global warming. Burnlng of fossil fuels to extract
energy contributes to the releases of gases,
particularly carbon dioxide, which are balieved to
be responsidle for this warming. Many countries
have made commitments to reduce thelr carbon
dioxide emissions - including the United Kingdom.
Clearly, energy efficiency ls an attractive means
of doing so. It is lmportant Lo know beforshand,
however, which uses of energy contribute most and
where the largest savings can be made because this
will help i{n detaermining the areas which need to be
targeted.

The BREHOMES database has been used to assess
the contribution which the United Kingdom housing
stock makes to carbon dioxide emissions and to
estimate the potential savings (Shorrock and
Henderson 1990). Flgure 3 illustrates the end uses
of snergy in the housing stock. The i{mmediats
impression ls that space heating is by far the most
important energy uss.
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Flgure 3. End uses of enargy tn the Unlted
Kingdom housing atock (1987)




Figure U, however, showa the same Lnformation
transformed (nto carbon dloxide emissions. [t is
clear from this that the relatively small amount of
energy used for lights and appliances (- 10% of the
total housing stock energy use) must not be
forgotten. The general conclusion of the study
from which these flgures are taken was that the
emission associated with the energy use of the
housing stock (about 170 million tonnes of carbon
dioxide per year) could potentlally be reduced by
25% to 35%. These potential reductions are based,
respectively, on internal assessments of those
energy efficiency improvements which can be
conaidered cost effactive and those which are
tachnically possible. This work ls continuing with
the development of a number of 3cenarios (using
DYNAMIC) to investigate how emissions mignht
actually develop from year to year. IbL i3 expectaed
that the results of this work will be published (n
due course.
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Figure 4, Carbon dioxide emission attributable to
the energy use of the United Kingdom
housing stock (198T)

Government Departments ars not the only
customers for the i{nformation which can be provided
using BREHOMES. Similar calculations to those
described above have alsc baen done for other
organisations using the BREHOMES database and
programs. Some possible acenarios were
investigated for the Assoclation for the
Conservation of Znargy / World Wide Fund for Nature
to help wWwith a report which they were preparing for
the general public on global warming (Boyle et al.
1989). Work has alsc baeen done for the Royal
Inscitute of International Affairs (CGrubb 1991).

Work nas also been undertaken for customers
outside the United Kingdom. The 3REHOMES database
was used extansively to assist the Statistical
Office of the Zuropean Communities in 3 study on
household energy consumption within Europe. The
database was also used to provide information to
the Inter-Covernmental Panel on Climats Change on
the contribution to greenhouse 3as emissions from
the United Kingdom housing stock.

The BREHOMES database Ls regularly used to
advise bduilding professionals, energy consultants,
the energy industries, local Government, students,
Jjournallsts and ordinary members cof the public of
the facts surrounding energy eofflicierncy in UK
housing. Such enquiries are most commonly anawered

by reference to the publications which have
emergedfrom the BREHOMES work (in particular,
Henderson and Shorrock 1989, and Shorrock and
HYenderson 1990) although, occasionally, the
question might involve using one of the programs.

The BREHOMES model / database and programs,
therefore, are used to advise a wide spectrum of
individuals and organisations. The type of advice
given covers a similarly large range. AL the
simplest level it may {nvolve a quick reference to
the numbers already contalned Ln the dacavpase. At
the other extreme, Lt alght involve several months
of careful work using the database and programs.
The advantage of BREHOMES (s that the dactabase ang
programs are (lexible enough to accommodate both
extremes and that the answers obtained always have
the same consistency of approach underlying them.

coNcLUSTON

A model, called BREHOMES, which simulates the
energy use of the entire United Klngdom housing
stock has been described. The model i3 physically
based, takes account of social aspects, and uses a -
simplified energy model (BREDEM) to do Lts ¢
calculacions. Running the BREHOMES model generates
a database for that year. The model has been run
for several years and so the tlme variation of the
database is known. The database can be
interrogated using a number of specially written
programs which allow particular types of questions
to be answered. Examples of the uses of the model
/ database and programs have been described. These
examples encompass many kinds of advice provided
across a wide spectrum of organisations and
individuals.
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