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ABSTRACT 

A simple microcomputer model has been de­
veloped for planners and designers for estimat­
ing the energy consumption of residential 
buildings in cold climates. The model calcu~ 
lates the energy consumpti<~n analytically but 
roughly takes into account the 'dynamic energy 
behaviour of the buildings' by exploiting statis­
tically more comprehensive calculations carried 
out with 'aynamic models .. rJI'he -microclimatic 
data needed /or ·the calculations ·are indepen: 
dent of buildin'i/typeS-:-Should this data"not: be 
available; ~however, it can a/So "be ~roughly deter­
minea: .according ·to -certain alternaiive8' con­
cerning the building-fsite. Th~ accuracy of the 
estimatiohs depenas on the aeiails in ~he' "data: 
Severai data, also 'includlng the climoiic-data, . 
have default values at the beginning. Thus,, the 
model can oe '-u,Sed ' in different phf.ZSes · of the 
planning process from ihe first sketches to· the 
final proposal, ·or at different planning levels 
from general plans to block plans. Ease in 
providing the input data has been a special 
consideration-in aeveloping the program. ' '<l-1'.,;:: 

. ... : : : ! : '. '! ~ -. ~ -, : i i : ' ~. 

'-· . 

This work is a continuation of an earlier 
rather extensive research project concerning 
the building and operating costs of residential 
areas (ASTA) [l, 2]. One important aspect of 
the operating costs to ·consider was to deter­
mine how the energy consumption of. residen­
tial areas depends on planning decisions. In 
particular, the' dependence of the energy "'con­
sumption of buildings ' on microclimate was 
included i~' the considerations. :,tf•.d::-H• ·U ;~l 

However, the results of the project have 

0378-7788/91/$3.50 

·-n 

been, in practice, difficult to apply directly. 
Thus, it was decided to compress some of the 
results into a microcomputer model as ·a 
ha11dy tool for estimating the energy consump­
tion of buildings in cold climates according to 
different planning decisions. While the pripci· 
pal users of the model are imagined as ,being 
the planners and economists involved in the --~.,_.,,_.,_, ,j>,. 

planning of new residential areas;.·it can also 
be applied in the planning of local energy 
supply . . In general, the model is ' intendea for 
use •in "situations ··where estimates;•i>f-energy 
c'bnsilmption.·-ar~ !desired' at :!"more generai~~r'.·~~ 
. evel 'lhali~' the~bu'ilding t11ev~f,t .or. wnere thl~~~~~ 
ehergyproperties of bwldin'gs should'tb · e 
constant for the- reconsideration '«>f~.1Q~~~~i,H~~~~~ 
I~. 'the ~pact of niicroclimate on ener~~~~;~~l~JI 

s~pt~on. ~ ·~ (.\r.\.P,~<~- .L'M ·r11t.ir.i11l.i#:~~~ 
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correctly into consideration requires dynamic 2.3. One index for the climate severity 
models, because heat transmission is quite a An interesting approach to the problem of 
complex phenomenon which depends on the getting a simple and reliable method for tak-
varying internal conditions of a building and ing into account the dynamics in heat trans-
the heat capacity of the materials. However, mission, as well as the impact of climate in 
in these models the calculations are much too the energy consumption of buildings, has 
complicated and time-consuming, needing ex- been to develop one single climate index for 
cessive calculations and computer resources " all different climatic conditions (3). This 
compared to the aimed task of the planned makes the treatment of climate in energy es-
model. timations very simple. This index is based on 

The other possibility is to use static models extensive calculations with a detailed simu-
which are based on the use of the degree-days lation model of the dynamic energy be-
with a correction for the free energies and haviour of buildings and is thus inherently 
probably also for the winds. For example it is dynamic. 
a common practice to use the degree-days cal- However, this index has some defects need-
culated to +17 °C instead of +20 °C indoor ing improvement from the planner's or de-
temperature when approximately accounting signer's point of view. Firstly, the building 
for all the free energies in the calculations. types employed have been defined accord-
This method can, however, convey misleading ing to their thermal proper~ies, no·t according 
results, especially when the diurnal variations to the types normally dealt ~ith in planning. 
of ;solar radiation and. outdoor temperatur~ - Secondly, the , index . is purely statistical and 
·are considerable =iwhich is usually . the case as. such not illustrative _of differen~ elj.rnate 
. in the spring. :112 l~iJ!l · 1e , 11•>a ~ 1 types tequir~g c!ifferent attitud~s ~- pl_a.Il-

• l .. · i"n q • .rfj w b 1~51 ning. i ~ ou1>'1\S'.l :> ~ 1 1 "' moo~ •c; -i 
2.2. !Correction for ti!~ winds .. ,~rrn , .•(..(qQ 1 ..Furthermore,, ltho~g~ !h~ ,)jndex _;~ ad-

addition, tp~ 4npactof '!Y!n<!s pas. usually, justed so as to.be;J:he,same (oi: all.the cons!d-
been very po9r}y ~de~J! · i_th !n,,eJfi~~~g m~Jh; ered, puil,ding type~ 1pnµe <.~h9. }llax_imwn. as 
gds. NorpiallY. i is-left fQt~~ll r co~~id§.r.~~ic;m;of well ·.~s ',t~e .. ~nim~ ~limatic., c.f>p.d_itjqns ~§eg 
~~user ~o~e. H~!,~1 Qp ,onJ! i;ieeds1~ynami~ in the ~alculations,' it ·js not guaran~~ed_t~o , J:l~ 
~9J:\els · iQ. oi:dei;..t<i tak~.in!Q.ac.~9unj;~e com;_ _ ~he ,samQ. or differen~~b~jlqmgs ·e~~st,ing ~ 
pli_cate~ nat~e ·9 .gi.~~irtlQ'\YS jpside_ ,build~ - intermediate cl.imatic conditions .. This. j§. ,be; 
ing which depend on the different and v~g ~ause different building .tYP~i? . £0,S.PO d. differ; 
driving forces. One common way to simplify .,, ently to: t'P,.~ .~change~ .. of... a ,,:9er~ai11 '£limatic 

- the matter has been to consider the ventila- parameter_ rrhus, .,the .developed .index i~ l'!Ot 
tion !~t.,beH.ig . compof!~d .~~pa_r~teJy, 10f~a.Lcon- really ·'ndependent ·:of the ,building , types -.. 
stant ventilation and of an additive infil- which .was one of its .~ntentions. 
tJ:ation caused by the v.rinds. •f .,,. .... "I" 

.... a some . cases, the impact , of •. ~d~ _. is 
treated as a certain reduction in outdoor tem-
.Q • ' . 

. perature. However, this method can give. quite 
~rroneous results. For one thing, the same 

~ wind (excess air infiltration) causes more heat 
;iifi:4t~.i:liii"t•"'.!"''~- .lpsses during cold weather than during warm 

-w.eather. Thus, instead of an absolute value 
the temperature correction should be prop~r­
tigµal. to the ~<!egree-days. Secondly, ~he cor­
~~ctjon~_is no~ · dependent of the . building 
~~· baj.ldin.gs w_ith high ~pecific conductance 
need smaller temperature correction.0 than 
buildings with low specific conductan~e,' aI-

r':iie.::t.:.~lo . g for the B.SmEl.~ffect in infiltration. This 
,,.q~..Q.ltir.~a tbe ca:p-,egtion, shc;>.uld. also b~ pro­

. ;;:: ~ th ~ ~P~~W~,,s.op.ductances_pf 

3.1. Calculation principles 
The model is a generalization of a more 

accurate calculation model developed for the 
purposes of the A.STA research [ 4] . Whereas 
the original model calculated the energy con­
sumption ;monthly, this . model calculates_,!t 
only yearly. It also exploits only in statistical 
terms the results of comprehensive calcula­
tions of over 3000 buildings in the AST A r~-
search. , ~eu }~m!."!rt.drr .rro i-ibrct.11.::;h ;:i,;·, 1 T it 
<rcThe.,, basic ,;principles i·o.f _,lthe., calculatiqn 
model were considered to be that: 11o. or·«1 1~· 

(1) it should_takeJ nto account the dynamic 
energy behavior of buildings; ;,~1 ,., 

~ . . . 



(2) the climatic parameters used in the cal­
culations should be independent of building 
types; 

(3) the accuracy of the estimations should 
depend on the accuracy of the input data. 

3.1.1. Dynamic energy behaviour of build­
ings 

One important principle in developing the 
model has been that it should take into ac­
count the dynam"ic properties of the energy 
behaviour of buildings. In this way alone the 
compound effect of temperature, winds and 
ventilation system as well as the diurnal vari­
ations in temperature and solar radiation can 
be taken properly into account in the energy 
calculations. To achieve this as simply as pos­
sible, calculation results of more complicated 
dynamic models have been condensed in the 
model into statistical functions of the impact 
of winds· and free energies on energy consump- .,, 

tion. • .. ~)~~::.~:~ r· :':~u~}~:, · n ;,T·i;;;;:•;~It: 
3.1.2. "Climatic ·,.parameters ;. independent .' of 

building t-,;,-rpes . l! ~!iir ~;~1 .. ~J 1\~T?fr1(!.;;,-r 'J, . t .• . 

mean velocity of the wind incident on 
building (wind velocity) and the solar 
gain of the building (solar radiation). 
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the 
heat 

3.1.3. Different accuracy and input levels 
Depending on whether the estimations 

should concern a single identified building or 
a building group, the program chooses the 
proper model between two different calcula­
tion models: 
• model A: rough model at area level (build­
ings not identified); 
• model B: accurate model at building level 
(identified single buildings). 

In model A the buildings can be defined in 
different generality categories. Thus, the build­
ing(s) can be defined, for example, as residen­
tial buildings in general, as blocks of flats, 
small houses, detached houses, service build­
ings, a school, a shop or an office b).lilding. ~-

. "The accuracy of the estimates also depends 
on the details in the data. At the most general 
'level, .:only two kinds of data are iieeded for 
the calculations: .• ;.2 ~\',~ii".''• ' h.r:." '.ii:!.: , s,~ 
1 ,'(1) .category 'of the· building(s); · ~!l. ·:rd5 l)ri.J 

The other basic principle .oLtlie :model is 
that 'the ·climatic parameters needed 1for ·calcu­
lations should . ·be·: i,totallj:; independent/; of;: the 
building types.i Further,. t.Qe parameter~values ~ 
should _ also •be ti'quite · i(ea~ily • obtaih~d.::;.To: 
achieve " these ·ol>jectives . ther 'following '' cli-

• '44 JJ, ... t; tt . ~ 

. .- •1(2) floor area of. the quilding(s). • · ' i:r.·:rr~i'''~ · ·· 
s·~. ,The following data have, at the outset, de­
fault ~.values .which "are. :used •in a ·situation. 
where the pr"oper data.are not known:- h' .~ " , 
. ·;·(3) mean floor area of the buildings (only . 
model A); 'l • · . : : .

1 f • .". 

mahc parameters were. chosen to rbe used m 
the model: the deviation of the degree~aa'ys of 
the building site. froni r~ference . 'degree-days,' 

F , , .., ' • ' ,. j 

mean wind velocity. at the building site and the 
total solar irradiation incident on vertical sur­
faces of different. orientations at the building 
site. All the parameter values · are gross or 
mean values of the'" whole calculated 'time. pe­
riod. For calculating the ,actual solar heat 
gain, the model still needs as· datum the"" ap­
proximate main ·orientation· of the building. · 

If the previous · climatic parameter values 
are not directly available, they can also be 
roughly given as simpler data closer : to the 
planniilg practice. These rdata are, correspond~ 
ingly, the situation of the building or building 
group in the terrain (temperature), the expo­
sure of the site to the wfuds (wind velocity) 
and the rough horizon 1Tof .the. building· 'site 
(solar radiation). ·. , ,.!\t. 
"-'· For the actual ~alculations;,th~ 'foregoing 
data are automatically converted.by the model 
into the· ' local L~degree-days ."(temperature), 

~, ti ( 4) mean 'number _of storeys of the build-

:, .. ;. ( 5) skeleton depth of the building (only 
"inodel B); .rm_t .- ~ i ~.<:{"" ir1-.--:;:( ,; ''"" ' . t' ' ; , , ,. 

:. (6) mean floor periphery Conly model B); 
'!ii (7) seasonal degree-days ·of the building 
site; .1 · <:<,1:.:;.fit ;~1 ;~''" :·· 

"! ~·· ( 8) mean seasonal overall wind velocity at 
the building site; f. ~ ~· 1 n 1 • , : . ...:c.4:r" ,· , .. _. 
· (9) seasonal total solar radiation incident 

on vertical surfaces of eight different orienta· 
tions at the building site; t' 3' ' ... 

(10) approximate main orientation of the 
building. . . I' 1 • 

...•. The rinput data mainly concern. factors 
which are affected by the planning decisions. 

- However, •at the . most accurate level when 
using model B it is .also possible to. ·provide 

' · data concerning some technical details'. of the ! 
building not considered in .town plans; \<Thus; 
the model can be used in different phases .of 
the planning process from the fir~t -sketches 
to the final proposal or at diff~rent; plaruiing 
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levels from general plans to block plans. It 
can even be used, to some extent, in building 
design. 

3.1.4. Calculation procedure 
Both models include several statistical de­

fault values of different quantity parameters. 
In model A these are fixed but in model B 
most of them are changeable. Before calculat· 
ing the actual heat losses and free energies, 
model B first calculates the values of several 
auxiliary parameters. The default values are 
based on the results of the ASTA research, 
whereas the auxiliary parameters are partly 
calculated according to some building types. 

For determining the total heat consump· 
tion of a building or building group, the model 
first calculates and sums up conductive losses, 
ventilation losses, and the heat consumption 
used for warm water supply. Applying these 
results, the model then calculates the free '·en· 
ergies used to ·cover the heat losses· --;--<'thus 
obtaining the total net heat consumption of 
the building or building group. ~Concerning 
the climatic parameters ·.Used ,in .the model, 
conductive losses depend on the .degree-days, 
ventilation losses depend on -~the degree~aays 
as Vfell ~.as ori the wind ·velocities:.rand free 
energies-depend on the s9h1.r _radiation. 

' ... a, w . o 
3.2. Conductive losses ., , · hf> i: • To dete~i~e the :.cond~ctiv~ ;-losses: •:the 

.model first calculates the total conductance of 
·-~he building. envelope. (!'he ' calculations' are 
made separately for the __ basement, the exter-
· nal walls (including. windows) aiid the roof. In 
model A, the equations of the conductance of 
walls and roof have been statistically derived 
for each building category from the results of 
AST A research. In model B, the conductances 
are calculated accor.ding to proper U-values 
and areas of the envel.ope.~ :•~:~ '.-· .. " 

~ Because the temperature at ground-level 
does not directly follow the air temperature, 

• . -the model uses a linear function to obtain 
·~-r........ . proper degree-days for the ground from the 

g!ven.·degree-days. Furthermore, because 'the 
secondary spaces are usually less heated than 
t~e actual living $paces, the degree-days are . 
·reduced according "to the . proportion of tne 
secqii<!ary Jpaces to 'the total spaces. The con-
1Iuct'ive · losses are calculated in a usual man­
'41er acc9rding io the determined conducta.nces 
-ana degree-days. · : 1qi .. • t • . 

3.3. Ventilation losses 
In order to calculate the ventilation losses, 

the model requires as one parameter the mean 
air exchange factor of the building(s) during 
the heating period. This is assumed to be 
composed of a specific (basic) air exchange 
(naturally or mechanically forced) and of the 
infiltration caused by winds. The specific air 
exchange is assumed to be constant during 
the heating period. This is determined for 
each building category separately according 
to the results of ASTA research. · 

In the ASTA research, the impact of winds 
on the ventilation was determined quite rigor­
ously by using actual wind statistics and a 
model which calculates by .an iteration 
methoa the airflow balance of a building un­
der different pressure and temperature condi· 
tions .- From calculations , with. , that .;model 
using two separate wind statistics :and differ· 
ent relative wind veloctties:"1 it was possible to 
approximately determine the ;ventilation of 
different building types as a filnction of . the 
·inean local_ wind velocity. 'vy-ind velocity. atfthe 
building site). The achieved result,!) ye .'pre· 

, sented in Fig. a. q· .. q ft) 
t; · econd:~egree ,. equations-

.from, these.data· for. diff eren lrllfilnt.tYPes+for 
the ·purpose-:0£ ,the •pr~sen't ·m aeL · ~ moae -~. 
ithe .. coefficient {of the equation er.e deter: 

• mined! accorfilng~ fto.!<liff er~nt .~. bui1ding· ~ca te­
e gories alone.,ln moael B,::they-:also .depended 

on the· number of storeys.and the ventilation 
system. Because ··at low 'velocities. · the Wind 

-. does not aff~ct the·.Yentilation, the equations 
·· are diseontinuous. :The accuracy of the-equa­

tions was not considered Yery., important be, 
cause; according r to the~AST i\ research, ·the 
impact of winds · on heat consumption usually 
turned out to be quite small u::if w• .bo" 
· ·1 .The. wind . direction was not taken :into 
account __: even though .its influence·1 can be 
considerable on certain prevailing wind direc­
tions and on certain orientaticjns of :the. build­
ing. These situations, however, occur .mostly 
in open coastal regions an-d rather less inland. 
Such cases should in any , case i..require ; tn-9re 
profound wind analyses, for example by means 
of wind tunnel tests~- · ti 

After· determining the total.air .. Yolumerof 
the building(s) according to . the statistics of 
.~he A.STA results, the model .then calculates 
the ventilation losses.in, a.usual manner;,using 
the mean. total air exchange rate, the. total air 
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Fig. 1. Average ventilation rate of different building types 
depending on the m·ean wind velocity of the heating period: 
0 servic'e building, mechanical balanced ventilation 
0.65 1/h; • ' tower block, mechanical exhaust ventilation 
0.65 1/h; a bloclc of flats, mechanical exhaust ventilation 
0.65 l/h; ''() detached house,- mecharrical exhaust ventila· 
_tion 0.5 l/h; • detached house, mechanical exhaust venti­
lation 0.3 l/h; 0 detached house, natural ventilation. · 

., ~# ~ ; ,. <I' t ' .r' • I ~ • .,. • r ,_ ~ 1 J .,, '(' 

:; r~n~ 1 ·~~!"~ ,1i.,,. .~: .. :1°'i' • ... Jc "'i .t.i ;: 'L 

ol "'{" ~~ -- · ·~U~ ~· 1 · C-:1 . ··I~· ... J te, ,!, • 
volume and the degree-days determined for 
conductive losses. ... · .11 " ' , -1 ,, .• • I . , , 

I . •• • ... ,1; · ,1• · tl1·~(.' a ,(11 I " ' flt;!:·~ti 

3.4. Free energies •-: ·.n f' d i. L.n ; J io .c;c, 
Free energies are composed of all the en­

dogenous energies as by-products of the activ­
ities inside the buildings as well as of the 
solar heat gain. - ~·i;•;; · : ·~"'· • · :' ,,,.. 

·k~Endogenous energiElS ' uepend in the model 
on the building type,' the ·mean size of 
dwellings and the mean living space per in~ 
habitant. In model A, "the endogenous energies 
are' determined according to the statistics of 
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the ASTA results for each building category. 
In model B they are calculated more rigor-' 
ously depending on the electricity consump­
tion, the heat generated by persons in the 
building and the warm water consumption. 
The endogenous energies are considered in 
this model to be partly stationary and partly 
variable during the day. 

The solar heat gain depends essentially on 
the size and orientation of the windows as 
well as on the amount of the solar radiation 
incident on the building in general. From 
these factors only the size of windows is not, 
in principle, affected by planning decisions. 
However, this too can be altered in model B. 
The solar heat gain through windows is deter­
mined, by using certain values for the glazing 
and window sizes, from the data of solar irra­
diation incident on the ~ertical surface .of 
eight different orientations at the building 
site as well as from the main orientation· of 
the building(s). This value is then ; added. t~ 
the endogenous energies as a variable energy 
source to comprise the total of all free ener-
gies. .);._, - t..1.:: .•. ~! · "t: t• ~! ... ' \J · :J ··r.: · 1(· ~ :.;i 1_.1~1 ·· :.{: !1 ~; .. ~~- '- 1 . ;, ... 

" ' 'However, the problem is that only a certain 
part Of the free ,.energies cari be. hploitea to 
cover . .the he·at,Josses~ "-Solving 'this . problem 
accurately .requires 'rthe ·use ,of extensiv_e :.dy­
namic mqdels in ;calculations .... A 'quite si~ple 
model ·for the free energies was developed in 
the AST A research by first using a ~com pre-. 
hensive dynamic calculation ·model of.the .en- > 
ergy consumption' of buildings for calculat_ing . c-' 

the monthly energy consumption 'of some typi­
cal buildings with different climate statistics. 
From these calculations it was then :possible 
to derive ·certain simple exploitation fu~ctions 
for the free energies available in . different 
situations [4]. ... ·:i:: -. .. 1i µ:;~ , ~~r ; 

Regarding the present model, the exploita­
tion functions developed in the ·ASTA }re­
search were still further simplified. :Because 
the energy consumption is determined in the 
model only for the whole heating eriod .. •.it 
was possible to reduce the expfoitation ~w-Ves 
of the AST A research to single · exploitation 
coefficients depending_ ·only on, the building 



model B the solar energy is first added to the 
variable endogenous energies. The model then 
applies the exploitation coefficient to all the 
variable energies together so as to obtain that 
part of them which is used to cover the losses. 
The stationary endogenous energies are as­
sumed to be totally exploited because in a cold 
climate they do not exceed the heating demand 
when calculated only for the heating period. 

The exploitation rate actually depends on, 
among other things, the size of windows, the 
heat capacity of materials, the heating regula­
tion system and the ventilation system. In 
model B, the default values for the coefficient 
are based on the ASTA results. However, they 
can be changed - for example, when consid­
ering passive solar buildings or shorter time 
periods than one heating period. Neverthe­
less, the model could be improved for these 
purposes by using, ~ for example, some 'sim­
plified SLR method [ 5, 6] for estimating the 
solar heating factor. • ~ -. -" t 1~- .;. :J • • > . • r ,_. 

4. USER INTERFACE . · , ; 
.. ·~ ::t ~--;·; · ~~ ..J ~D-- 1.r·i~1 :b t!'!}.!:~~~T' ; .-ff ... 

(;,1. One· of the "main ·principles . in developing 
the t'nodel has beeiithat it should be so .easy to 
use ·that . it,::really'i could . be' adopted . as . an 

_integral part .bf the . normal planning process; 
·also by 'those not,familiar .. with computers. To 
achieve this the 7program': is; ·firstly; ·:totally 
menu-driven· and all necessary guidance is al­
ways' present on the JScreen. · Secondly, · the 
roughest estimates can be obtained with mini­
mal input data: · only category and size of the 

~i:~~~~ building(s) are obligatory; .the rest of the data 
~ . having default values.<;The query data have 

........ ·~;.;~. been "divided into four groups: " .::·!:"f~~ 
;;:.;:,~;;:;r, i' ;- (1) identification data; · 

. ~-- (2) ·quantity data; .,.,. -, " :~ 

·' :;; (3) special data for model B;. ,,.._... I< •• 

""~ (4) climate data. 1-.,.: H l .. ~ ., ' I " 

. ;.j 

·4.1. ·Jdentification· data . 1 ;-i:, s 
'f'"'"'With ... fdentification data, one ·determines 

. the~ location of the building(s) and the build­
ing.type or category. The location dati' 'are 

· not necessary.• However, it is important for 
"the~·calculations ~if · the number .of the build­

~-~i''~~1i1·tn~ is"det.emiined or not. If this is determined, 
~ bWl<!ing ;is :\identified as one building 
·omf-:model B . will be used for the calculations. 
· flthenrise~ model,; A will be used. ·" a f 

The only necessary identification datum is 
the category of the building(s). There are 16 
different alternatives by which to classify 
them. The most general category is all build­
ings by average. The most accurate categories 
define the basic building types used in AST A 
research. If model B has been chosen for cal­
culations (the number of the building being 
given), the latter categories are actually the 
only feasible to choose. This condition is auto­
matically checked by the program. The build­
ing types and categories are based on the 
ASTA research. Figure 2 illustrates the Iden­
tification Data screen. 

GIYetho nowklll'IJ!bllO<l 0• 
01( • FZ. CANCEL• Eoc 

IDENTIFICATION DATA - -,,_..,.-
2 Lot Nr: ;. 1 

.. _..,.: .... · lr - --~ . 
-.. · .. Category:~ ... 

Building categories: 
1. All buildings on an average 
2. Residential buildings • 
3. Blocks of nats 
4. ., Point blocks · 
5. _ Slab blocks 

l 6. Smell houses • • 1'. 
1. Detached and semkl. h • ' 15 • 

--•- · .. -:'!" Terraced houses , - 16..,. ----

Quantity data 

3 

·· The only necessary quantity datum is the 
total fioor area 'of the building( s). In model A 
the mean floor area of the uildin-gs (the"aver: 
age" b~ilding size) and the mean number of 
storeys have default values determined ac­
cording to the statistics of the ASTA research. 
Figure 3 illustrates the Quantity Data screen 
for model A. Correspondingly, in model B the 
number of storeys and the skeleton depth have 
default values according to the same statis­
tics. It is also possible to give the mean floor 
periphery for model B to determine the envel­
ope of the building more accurately. •y -1' :;, ·;, 

4.3. Special data for model B ,..,-,. 1 !.: '~ ;;;_·,n t. • ·'.f 
-:· ; In the building level model, it is even pos­
sible to change the default values of parame­
ters which are usually not determine.d by the 
planning decisions. Hovi.:ever, . this .data cate­
gory is conditional and is normally skipped 
over. The parameters of this category are, for 
example, the relative envelope area, U-values 
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MODEL A: QUANTITY DATA 

Block: 2 Lot: 

Building Category: Blocks ol flats 

Floor Area (sq.m.) 

Average Building Size 

Average Number ol Storeys 

Fig. 3. Quantity Data screen for model A. 

Case Nr: 3 

:-..YeOO: .... 
2442 

4,01 

of the envelope and windows, window areas, 
ventilation system, air exchange, . storey 
heights, consumption of warm water,' number 
of dwellings, number of inhabitants, etc. By 
changing the~·e v~.lue'~; -'it is. ~possible:.Jor in-

- · 7 l.. ., J.U, . ~ &aL \..} •I> ,; , t l li.U> '(; J. 

stance, to carry out some sens1tlv~ty analyse.a 
.. • • .rfl411. : ~ •· . • ~ ..... ,, •e: ii • 

or consider some special building types. The 
•• ' ,. , , 4 ,, •• , • h.~ ' ..o,>4' • ~ .. ·•"' 

default values correspond to usual building 
• ~fl • : • .a. 'V'-•1 J ~ I I :J l'i -' -

practice m Fmlana. . .II. !!I 
• ... _.,.,,~ _. ~ U"'1"/ f ~ 

l-...... ., ·~ ~ t' ·•{"f r- ~ 1~, h~s ·!.; ::J: ..-::r;~.; _:.~i.r · L ~ · ~ , .. ""' • 
4.4. Climate data : : ·. ; .r· .. ;,.· .. ; . _! • • • • • 

" ... l • I H_i. J :i1. ;H l i_..:..':.z-·.t;l lt::-~;·'. ·~ iJ . ! iQ..t! n ! .r 
The climatic parameters are the same for 

both ' ~ad.els . ..,. The:t are" -~H~ided ~into thre~ 
parts: temperature data;' wind 'dafaia':ri~:Fsofar 

radiat~pn ... c!~t~: .>!,Sf; '-i .\. t<.P•• 'lr ., ,; . i;;; >i / <1-,, 1: 11 Ti·•'i 
... ,'fhe . actu.al temper~ttire.· datum , usec! in ,the 
calculations is the heating degree-days of the 
building site. This is re"queste as a ileuialion 
from ' a certain reference' aegree'-days.,,.u"dlii.l If 

\' ~\ ~ ~~-' 11• .._ .. 1\ ,., \U : ) -...1· 

the,. de~! ... i?n.)1~iE.<?5 ,.Know~ ,,1t .,w.acals.o ~.PP!l~~!>le 
to obtain automatically ari a pproximate· value 
for it by choosing the situation of the building 
or building group· in the terrain from · given 
alter nativ'es.

1 
. The"' possible'· ' :'filt~inatives ?."con-

.. · · ~ . ·- r ·..., ·1"; '· £} .HA~ :~f,~\.i: . · • pr- \ '' ·- l'' ' i }\'t ·; 1 ··.~,i 

cern height differences, orientation. of slopes 
as well as' p~ssibl~·~ cold air lake;:· Fig~~e 4 
illustrates the Temperature Data screen. 

Bulldlng site: 
WIND DATA 

Shellered (loresl, valley) 

Building group, open inland terrain Lot: 1 • 

.,.. ~=-~:~.~=·.;;:;;ii~~·:~.J ···... Local mean wind 

• , on open coast ••••• velocity (mis): 

Detached building, inland terrain 
• ..... ::-··3 .... 50 l 

- i. ~~ · _ ; 

• on hill 

. on open coast 

Fig. 5. Wind Data screen. 

The wind datum used for the calculations 
is the mean seasonal overall wind velocity 'on 
the building site. In order to obtain this value 
accurately, a wind tunnel test should be 
made, because · the· nature of the airflows 
around buildings ·in ·-different ~situations · is 
very ' .j complicated '"'to-· r unravel ; analytically'. 
However; the impact of winds ' is usually not 
very important from the energy 'point or-view~ 
Thus, in most cases it suffices to give only a 
rough approximation of the windiness of the 

• . ' '-"· I . ·J ,. 
building site. · To do this the user ha,s the 
option 9f choosing a pr,oper descrjption of the 
exposure > of , the .building ~te~ t6 ,)Vinqf? JrQnl 
given, l!,lternatives; .. ,1,',he ,_choic~·is , th!'!~. -inter: 
preted. as a local...:.mean_ vy:i_nd ,yelocitY. 'by tlie 
model.,,,Figure ,;5.rillustrates .the ~Wind-4,Data 

- screen. / The _'!Vind; velocities ,corresponding tq 
the given choices are based on wind statistics 
of some Finnish locations and the results ~f 

- wind ·tunnel tests ~ith scale m~dels made in 
the ASTA research. C1'l n· h.. . .. ,,, ; ·1 .;.1~ . 
i'ir~~The actual da.t'um needed about sola~ radia­
tion is the seasonal total solar heat gain of ~he 
building. In the AST A research,. this was quite 
rigorously calculated for different parts of the 
building by using monthly radiation maps of 
the sky, data about the shading obstructions 
around the building and the orientation of the 
building [ 4]. However, that method is far.too 
laborious for the intended use .of this . model. 
Because of this, the solar radiation .may.., be 
roughly estimated by giving as input,\data the 
approximate solar irradiation incident on the 
vertical surface of eight different orientatio.ns 
at the building· site.as' well as the main, or~en­
tation of the building itself. If t:Q.e so}ar~:r;adia~ 
tion data are' not available, it _als9 suffices tq 
roughly determine the approxima.t_e _!\orizon,of 
the building site. This cpi:respongs: to . <;erta~n 



Fig. 6. Solar Data screen. 

def au/t radiation values in the model. Figure 6 
illustrates the Solar Data screen. . . 

All the correlations between the actu~ cli­
matic parameters and the corresponding plan: 
ning parameters are de~er~ir~e<! .as~ording to 
the ~TA .research. '.fhey repr~s~n.t ?rpiIJ.ary 
fillnish si.tuatio~~· , for ,_f;!pe~ial. ,cases t!ie .ac: 
tual climatic data used for calculations should . .. ,... l .. 

be input dix:.eftl~\~cre . < en 1 nQ~1oq • . v 
· •· urn· · mlT 

fl·· 9"! 
.~ T .sti •n · r~· u · 

:r'he 0.eveioped moder is ~int.ended be' ap-
plied in ~the first place tor ~traditional Finnish 
buildings ih ordin.arY situatiorfS:eX:istin'g within 
the Finnish :.terrain · and ,-climate: . Thus~· for 
example, the. energy constllnption: ·of coolirig -is 
not included in the calculations. However, it is 
quite 'possible to extend the ·model to '-include 
'Other building 'types as' well as to modify it lo 
be a'pplicable in other limate types. · • 

The model is still a prototype and it Will be 
developed further 8.fter some experimental 'U.Se 

. in practice. 'So ~far the model has proved to be 
qUite easy to u8e. Howevei;.·some ·paramet~r8 
·used in the calculations still need refining so 
as to obtain consistent results with both mod­

__ . els. The calculation results 'should also be 
;-_... confirmed by means of comparative calcula­

l~~~~~~::c; tions using other models. Clearly, · the consid­
erations of winds and solar radiation still 
need improvement. The infiltration functions 
s~ould 'be ' less ftependent on certain building 
types. It ·nught also ·oe po~sible to roughly 
take· iilto account 'the prevailing· wind direc­
t~ops an<! the situation of the building in rela­
tion to wind directions. Also, the free energies 
.should b~ taken into account more flexibly, 
for example, by :·using some simplified· ·sLR 

,:i:o~t'<lt;.~method. A ~loser copsideration of the solar 

access to the building could still furth 
prove the method. 

At present, the results can be reported o 
as tabular reports of all or selected buil · 
types or special reports concerning individ 
buildings or building categories. The m 
will be further developed to also include co 
parative calculations with altered input da 
Moreover, the graphical representation of 
results will be included in the model. 
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Conductive losses through the basement 

Qcg = 0.024 x Gb x Sg (2) 

Conductance of the envelope 

Model A 

G
0 

== ae +be x n.m/Arm + celnsm +def Adw (3a) 

Model B 

Ge== [Aew x Uew + Agtz x (Ug1z - Uew) 

+Arr X UrrJ/Afl 

Conductive losses through the envelope 

Qce = 0.024 X Ge X Se 

Mean air exchange factor 

N = N 0 +aw x (vw - bw).
2 

No .. . . . . 

(3b) 

(4) 

(5) 

Ventilation losses ' ' -· ''· - ~ : .' I • 4, : f, ·~ ~ · . .; ·. 

. • ., . 1_.- ·· · i _ . . ... u .r: · '·''l .. . ··1: .:j' .1 7 .._f ~ -o ! ~ n l .); .. , 
Qv = 0.008 -~• -N x_ Va x_,Se._., 1r • ;!,, u 'ii._: r, ~;;,; _,,- . ~6) 
Endogenous free energies (model B) ,_.,-r .. ~,,· r: ; 

.. .. ·.rr!r;t:·,.,: . t[_.1,,.tr'cll . ·,· t __ -, ,~ ·· · 7·~.:, .;t;.bz:..·'J.y:1 -- · .. . ~ 

Qfi = QP ·ti .. ew~ x}!w_w .+ .9-.~5,,.~5?'!.:; - th1· tot=t:n2., 
Stationary free energies (niodel B) ':r .7vrrnt.i:S· 

l h -P 10 ~'<!:th rf l(~~ f('-t.1 ,"~er:-• .4 fte.,. rr ... n r~,_.-... ~ ;:':.. · r~- d f J. . ~ 

Qr. ?-~ .. ~~!QP t.f"'.f·~~w-r,:t1?~~5,~ ·~"c ·H'Y .:~~! 
Vanable free ·energies (model B) O>!ii1 thc<J;u,:/.; 

' ; J;":t ha ucr { ; e_11u~:. 6uppl_"(h ·~ ,, 
Q - Q - Qi + Q ·x A .,._ · · · · · (9) 

fv.,:-,Sc.. Ji_.,. ,_ .• • · •1 .. 8 & 4 1 fn ~xhr:Uslt..'d h~u, . . -::.: 
Exploit~d free energies ;~;c;,;,/;1;i:ds t(c 17. Y:·:i' of 

· ; , .., ; ,f:',.-..~ ;r"":_t; r ~;.;- 1-"_l)!i f 1r··,,•l fa °1. _ ... ~~ ~ · .· . 
Model A . · · · · ·~:· · ,_ 

. - . . ·-·. 
Qce =,~~e ~. ~:~/~~'!' +. Cre/ A1ai _ere x. Qag __ ,_ (~~~ 

Model B 

Qre~(Qr.+er., ' xQc.,)'/An J ;; i;~d:'. '~:r (lOb) 
· -·- ·' · nd ,,,.. m t I i.h "' .'!"' ,,, - u::!;'fu~ 

Total net energy consumption . . . , . _. 
. - • •• • .__ , ..... ~ ' ..J ·. • .• : ;'. n.:·~...;~ . 

Qn = Qcg + Qce + Q., + Qw.;.' ._ Qre .:.'. ' '· · (11) 

Nomenclature ' -· .. " 
ag, bg · constants depending on building 
ae, be, t! -· category 
C

8
, d., 'U" C' a 

aw' t •r•)-
1· b. . l s "C are1 fe• Cre 

eW:, t I .Coefficient Of Warm water beat gain 
ec., coefficient of free energy exploita· 

tion 
,,_ ~:r \7 Si ( . ' P: y f·\ ~'1Litrn..B .;~:-JI:'~ -ri~ . • .,. .. 

.i-.l t , ,~ . .-r ~t n--~ 3 

Arm mean size of buildings (floor m2) 

An total floor area (m2) 

Arn net floor area without secondary 
spaces (m2) 

A 1a floor area per inhabitant (m2/in) 
Adw floor area per dwelling (m2/4w) 
A ew area of external walls (m2) 

Art roof area (m2) 

Agtz are~ of windows (m2
) 

nam mean number of storeys 
Va air volume of building(s) 

(m3/floor m2) 
U.,w U-value of external wails (without 

windows) (W/m2 °C) 
U.r U-value of the roof (W/m2 °C) 
ufllZ U-value of windows (W/m~ °C) 
Gh _ .. conductance of the basement . 

• · (W/°C floor m2
) . 

G., I·" 1 <-; conductance of the envelope . ;,n • 
L' J '! (W/°C floor m2) :·:~~1-'<!"•';;' 

N po illr .exchange rate ( 1/h) • - -
N0 _ specific air exchange rate (1/h) 

degree-days for conduction losses 
'through basement (°Cd) 

t . ·effective l heating degree-dars r 
;duced according to second 
spaces (°Cd)~. . - . 
.lower limit value of the .mean•wma 

. -velocity-·(m/s) t 
• Uw' - • -·~ mean wind velocity afthe;building :_ 

• ' ·1 site· (at--2/3 he'ight of the building 
,. (m/s) i , , • · . I w•ff-'A111.v1 

. · conductive : losses through base. 
es, inent (kWh/floor m2) · , . 
· t~conductive losses through.env:elop · 

l.L"l' (kWh/floor m2) Nc:t-~· 
ventilation losses (kWh/floor m2) · 

. energy consumption' for . warm wa 
-ter supply (kWh/floor m2 a)~ :!!!!!!~ 

Qe • t,_ · t electricity consumption (kWh/aT 
QP • "r · heat load from people (kWh/a) 
Q... , 1 - .; endogenous free energies · 'n'..lc::<fi·Ui-~~ 

.. .. .':~ , (kWh/a) 
Q,3 stationary free energies (kWh/a) 
Qcv variable free energies (kWh/a) 
Qro :rr .:._exploited free energies · 

(kWh/floor m2) _ 

Qag , ~eL·f?r _sol~ heat gain (kWh/floor m2) 

"""""~~'"" 

Qn ~· t:~ c-UTnet energy con~~~-~p~ti~~-~~n~~~~~ii 
·rr~ rn · 1 ~ "C (k\Y}l/~~Pf ,r-i2>_. .'\ 

Ii 


