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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 consumption analytically but
roughly takes into account the dynamic energy
behaviour of the buildings by exploiting statis-
tically more comprehensive calculations carried
out with dynamic models. 'The microclimatic
data needed for the calculations are indepen-
dent of building types. Should this data not be
available, however, it can also be roughly deter—

mined according ‘to’ certam alternatwes con-f"
cerning the building 'site. The accuracy of the
estimations depends on the details in the data.
Several data, also including the climatic data,

have default values at the beginning. Thus, the
model can be used in"different phases of the
planning process from the 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 developing the program. .=

1 INTRODUCTION B1IEUFGs ! WDoTiaed
Thll work is a continuation of an earlier
rather extensive research project concerning
the building and operating costs of residential
areas (ASTA) [1,2]. 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 in the considerations. ‘izt Lkl
1 ' However, the results of the project have
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; Tevel than the* building "level,: orfwhere th
'.,;_ienetgy ‘properties of buxldmgs should‘be"‘kep

been, in practice, difficult to apply directly.
Thus, it was decided to compress some of the
results into a microcomputer model as a 34
handy tool for estimating the energy consump- =~ g
tion of buildings in cold climates according to
different planning decisions. While the princi-
pal users of the model are imagined as being -
the planners and economists involved in the - '{!: :
planning of new residential areas, it can also
be applied in the planning of local energy
supply In general, the model is intended for
use ‘in “situations ‘where estlmates ‘of energy'
consumptlon are ‘desired at a ‘more’ generaI

constant for the reconsideration’ of,, for exam.
ple, the 1mpact of mlcroclunate on'energy‘cons: |
sumptxon W dasali arliaobapash g RN
Fn,mn bd yaw nogunos sal0 ashiol. 3
81 i oveei: Jabiacad, ensnd ahd) JnTd
2. CONSIDERING SOME EXISTING METHODS
130tk SyidbhE, . by bos ~pgisstiing

Before the model was developed some ex-
isting methods were first considered. ’In gen
eral, 'we did not find any available e anergy\
estimation methods especially suitable forthé =
use of planners. The methods considered were .
in part either too detailed and laborious’ f.o 43
use, ‘or too rudimentary, for example, “when -
correctly taking into account the -microcli =+
mate in the calculations."Some of them’alsﬁ’
had other inherent weaknesses due"
development pr1nc1p1es “Thus, (rt‘.he}_L
ment of thxs new model seemed a 'reaso

2 1‘ Dynamzc and statw models
'i‘ iMost of the dxﬂiculnes in the
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correctly into consideration requires dynamic
models, because heat transmission is quite a
complex phenomenon which depends on the
varying internal conditions of a building and
the heat capacity of the materials. However,
in these models the calculations are much too
complicated and time-consuming, needing ex-
cessive calculations and computer resources
compared to the aimed task of the planned
model.

The other possibility is to use static models
which are based on the use of the degree-days
with a correction for the free energies and
probably also for the winds. For example, it is
a common practice to use the degree-days cal-
culated to +17°C instead of +20°C indoor
temperature when approximately accounting
for all the free energies in the calculations.
5 This method can, however, convey misleading

& results, especially when the diurnal variations
~ of solar radiation and outdoor temperature
i - are considerable —which is usually the case
.in the spring. 112 I8iiaebizat waa 1o gainoeiy
“wavars lesol Yo gainnslq odt ar beifugs ed
“ 2.2. Correction for_the winds vy ol dagqus
¢4 In addition, the impact of winds has usually
been very poorly dealt with in, existing meth-

%

the juser, alone Here‘too one, needs, dynannc

: phcated nature of the, alrﬂows inside a build-
" ing which depend on the different and varymg

- the matter has been to consider the ventila-
“ " tion as _being composed separately .of .a con-
*" stant ventilation and of an additive infil-
¥ tration caused by the winds. y (53353
wswononpedn ssome cases, the nnpact of . wmds s
. treated as a certain reduction in outdoor tem-
_perature. However, this method can give quite
erroneous results. For one thing, the same
wind (excess air infiltration) causes more heat
losses during cold weather than during warm
weather. Thus, instead of an absolute value
‘the temperature correction should be propor-
tional, to .the degree-days. Secondly, the cor-
rection;is not_independent of the building
.type, bmldmgs with high specific conductance

-

~need smaller temperature correction than

. owmg for the same effect in infiltration. This

ans,that, the, correction should also be pro-
ithe total specific conductances of
aa's‘nl bms aoilethge v

-~ ered building types under,  the | maxxmum as =
“ods. Normally it; is left for the consideration,of ~ = well as the minimum climatic condltlons ‘used

~ in the calculations, it is not guaranteed to be
models in order, to take into account the com- &

- intermediate climatic conditions. Thls is be-

_ driving forces. One common way to simplify *  ently ;to the changes of a.certain climatic

I;bulldmgs with low specific conductance, al-

' model were considered to, be that noiscie

2.3. One index for the climate severity

An interesting approach to the problem of -
getting a simple and reliable method for tak-
ing into account the dynamics in heat trans-
mission, as well as the impact of climate in
the energy consumption of buildings, has |
been to develop one single climate index for
all different climatic conditions [3]. This
makes the treatment of climate in energy es-
timations very simple. This index is based on
extensive calculations with a detailed simu-
lation model of the dynamic energy be- °
haviour of buildings and is thus inherently
dynamic.

However, this index has some defects need-
ing improvement from the planner’s or de-
signer’s point of view. Firstly, the building
types employed have been defined accord- -
ing to their thermal properties, not according &
to the types normally dealt with in planning. =
Secondly, the index is purely statistical and 3
as such not illustrative of different climate '3
types requiring different attitudes in_plan-
ning. 3 zroitpiualny suiEnsivtamon stem Aioon
41y Furthermore, 7although the  index  is ad- 3
justed so as to be,the same for all the consid-

the same, for, different buildings ex:stmg in
cause different building types. respond differ- ;.

parameter.. Thus, - the developed index is not
really independent of the building types—
whlch was one of its intentions. ,.oo0 o (i
S0 SaENA- DI RO0s0 Tos cBn Rl Yoteass e
wieae - nesd 2od BIsk i el yalbong

3. THE DEVELOPED ESTIMATION MODEL ' .. ;

3.1. Calculation principles

The model is a generalization of a more
accurate calculation model developed for the
purposes of the ASTA research [4]. Whereas
the original model calculated the energy con-
sumption ;monthly, this model calculates it
only yearly. It also exploits only in statistical
terms the results of comprehensive calcula-
tions of over 3000 bulldlngs in the ASTA re-
search. . .ap sotrasic po sbiasash wisla Tait

~«The_  basic, prmmples of  the calculatmn

(1) it should take into account the dynamzc
energy behavior of buildings; .5 . ~

Tt oy
: 01,\(»,‘;\{’;,‘ s DM



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

(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 dynamic 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 energles on energy consump- 3

tion.

3.1. 2 Chmatzc parameters mdependent of
building types 1 Havuidog AdT

‘;‘n -;;'E“jxnv

The other basic prmcxple of the ‘model 1s'

that the climatic parameters needed for calcu-

lations “should  be:: totally independent. of :the

building types.: Further, the parameter_values
should also ‘be “quite:‘easily./obtained. ¢To
achieve these objectxves ithe (following:: cli-

matic parameters'were chosen' to be used in

the model: the deviation of the degree-days of
the building site from reference degree-days,
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
planning practice. These data are, correspond-
ingly, the situation of the building or building
group in the terrain (temperature), the expo-
sure of the site to the winds (wind velocity)
and the rough ‘horizon: ofitheibuildingsite
(solar radiation). # ‘guiiontise fadwinilindods

For the actual ‘calculations,:the foregoing
data are automatically converted by the model
into the local::degree-days :/(temperature),

‘lng(S),

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

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: 5
e model A: rough model at area level (build-
ings not identified);

e 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 building. =
-sThe accuracy of the estimates also depends
on the details in the data. At the most general
level, .only two kmds of data are needed for
the calculations: : vt iadh band gl )

&!(1): category of the bu11d1ng(s) %
#4(2) floor area of the building(s). :ias
#4:The following data have, at the outset de-+
fault “values :which ‘areused in a’ sxtuatlon’
where the proper data are not known::ies '.

=(3) mean ﬂoor area of the bu11dmgs (only -
model A) b, 206 el B bed S o
a5t (4) mean number -of storeys of the bulld-

::(5) skeleton depth of the bulldmg (only
model B); snesssmnd caime AR GoEe DR
. (6) mean ﬂoor perlphery (only model B),

¢ (7) seasonal degree-days of the bu1ld1ng

sﬂ;e L RIFTAFRUE 616 ) Y ReE: 8N -9 i o T s '
2 (8) mean seasonal overall w1nd velomty at
the building site; ! [«hom 5

(9) seasonal total solar radlatlon 1nc1dent
on vertical surfaces of eight different orlenta-
tions at the building site; - T

(10) approximate maln orlentatlon of the
bu1ld1ng - Saa: gt

. The /input - data mamly concern factors
Wthh 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 plansiThus,
the model can be used in different phases of
the planning process from the firstisketches
to the final proposal or at dlfferent planmng
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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-}iays
..as well ‘-as on the jwind velocities 'and free

X

exlae) dablivd ad#io Heta; DG EhE b

' 1iTo determine the “conductive losses,” the
2-model first calculates the total conductance of
;-the building envelope. The calculations are
¢ made separately for the basement, the exter-
~ ..nal walls (including windows) and 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

. ASTA research. In model B, the conductances

. are calculated according to proper Uvalues
and areas of the envelope: i34 Linevis a0
g Because the temperature at ground—level
" does not directly follow the air temperature,
.the model uses a linear function to obtain
. proper degree-days for the ground from the
. given degree-days. Furthermore, because the
-« secondary spaces are usually less heated than
~_the actual living spaces, the degree-days are.
i reduced according to the proportion of the
secondary spaces to the total spaces. The con-
’ductxve losses are calculated in a usual man-

er accordmg to the determined conductances
nd degree-days. b 45 10 leavgosy leaid it of
- e geae A >
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'-‘energles depend on the solar radiation. sigdw -

3.2. Conductwe Josses, sflawe fnsided inhfm' .

3.3. Ventilation losses b

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
method 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 velocities, it was possible to
approximately determine the wentilation of
different building types as a function of the =
mean local wind velocity (wind velocity at'the
building site). The achieved results are ‘pre- -

i.sented in Fig.'l. diginsig foiaadl thdiooud-o 8
ceitSecond-degree sequations swere:i developed
. from these data for differentbuilding typesifor
i.the purpose of the present model.Ir mode']; A,
¢:the coefficients:/of sthes'equation (were :deter-
\rmined | according ito«different building :cate-
- gories alone.'In model B,:they-also depended
~on the number of storeys.and the ventilation
. system.*Because -at Jow ivelocities (the wind
» does not affect the-ventilation;*the equations
- are discontinuous..The accuracy of the equa-
tions was not considered very important;be-
cause, according ‘to the:ASTA research, the
impact of winds on heat consumption usually
turned out to be quite small. uaigs w0 bhoi
v.The wind direction was not taken :into
account — even though its influence can be
considerable on certain prevailing wind direc-
tions and on certain orientations of:the build-
ing. These situations, however, occur mostly
in open coastal regions and rather less inland.
Such cases should in any.case:require more
profound wind analyses, for example by means
of wind tunnel tests. : ais sinsizeed b e Firs
After determining the total air volumeof
the building(s) according to the statistics of
the ASTA results, the model then calculates
the ventilation losses in a usual manner using
-the mean total air exchange rate, the.total air
e o
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l‘lg 1. Average ventllatlon rate of dxﬂ'erent buxldmg types
depending on the mean wind velocity of the heating period:
@ service building, mechanical balanced ventilation
0.65 1/h; ¢ tower block, mechanical exhaust ventilation
0.65 1/h; O block of flats, mechanical exhaust ventilation
0.65 1/h; ¢ detached house, mechanical exhaust ventila-
tion 0.5 1/h; M detached house, mechanical exhaust venti-
lation 0.3 1/h; O detacbed_ ho‘use, natural ventilation. it

velume and the degree days determmed for
conductlve losses »

3.4. Free energies ‘= wioir grinltud sdr o ag
Free energies are composed of all the en-
dogenous energies as by-products of the activ-
ities inside the bulldlngs as well as of the
solar heat gain. ) ST
4::’Endogenous energies depend 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 vertical 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 to
the endogenous energies as a variable energy
source to comprise the total of all free ener-
gleS HyBrDnAMatIGT €f tha s
' However, the problem is that only a certam
part of the free ‘energies can be exploited to -
cover . the “heat losses. Solving ‘this ‘problem _
accurately requires 'the ‘use ‘of extensive'dy-
namic models in calculations.”A ‘quite simple
model for the free energies was developed in
the ASTA research by first using ‘a ‘compre-
hensive dynamic calculation model of the en
ergy consumption of buildings for calculating
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 functions
for the free energies avallable in dlﬂ'erent
situations [4]. i bR S5
Regarding the present model the exp101ta-‘
tion functions developed in the :ASTA ire-
search were still further simplified.“Because
the energy consumption is determined in the
model only for the whole heating' period, it
was possible to reduce the exploitation’ curves
of the ASTA research to smgle exploitation
coefficients dependmg onlyf on; the bulldmg
type. ‘@il 2
-+ In model A the solar energy is simply. added
to the endogenous’energies usmg these ex-
ploitation coefficients.This sum now accounts
for the free' energles explmted to {cover!the
heat losses durmg the heatmg : penod. “In
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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 est1mat1ng the
solar heatmg factor ;

o One of the ‘main prmc1ples in developlng
- the model has beeni that it should be so easy to
use ‘that“it:really:could ‘be’ adopted ‘as an

" also by those not familiar with computers. To
. achieve this the ‘program is, firstly, - totally
' menu-driven and all necessary guidance is al-
ways 'present on 'the :screen.’ Secondly, “the
roughest estimates can be obtained with mini-
mal input data: only category and size of the
~ building(s) are obligatory, the rest of the data
having default values.-The query data have
e been divided into four groups:= =evi abi wal
";j AR SAai(1) identification data; 'I the el ainei s
= ' 5 (2) ‘quantity data; srpsts s anite A
2=(3) special data for model B i3 0stand. o cheas
5 (4) chmate data '

Qe A AKSR0 Qe e A
41 Identlﬁcatwn data v abbontov e ahom
#:With <identification data, one determmes
d the locatmn of .the building(s) and the build-
ing"type ‘or’ category. The location data are
not necessary. However, it is important for
he ‘calculations iif the ‘number of the build-
g i8 'determined or not. If this is determined,
5 el'l’.bmldmg “is'iidentified as one building
-'and'mgdel B will be used for the calculatzons
Otherwise, model ' A w1ll be used. $aaif

)

~ integral part of the normal planning process, -

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 ASTA
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.

(~ Give the new identification Dats . 3 Y
OK = F2, CANGEL = Esc : © CaseNr.. 3
IDENTIFICATION DATA
Block Nr: 1 2 Lot Nr: : 1

Building Nr: : - Category: <
#  Building (zlegones === &7
1. All buildings on an average 9, ' Service buildings i
.2 _ 2. Residential buildings ) 10,  Public services :
8. ' Blocks of flats 527 %41, = Nursery bulidings ~*
;~myy % Pointblocks" .| ot - 12 1 Schools :
2l % Slab blocks , 13. _ Other public serv.
(118, Small houses % ' L. 14, Commercial buildings
7 Detached and seml-d ha 18, Shops, store houses
T 8. _. Terraced houses "16. * - Office buildings v i
e RpE e  G NE rad
L::s‘&é;u?ﬁg‘t,&ﬁ{;* bt 'U"ﬂ]ﬂ*'%f"ﬁ’ E’Q“P"‘"Y"

PromthEse et et erent pn AR Ltglﬁa~v£ ,‘
Flg 2 Identlﬁcatlon Data screen.

o

4‘?- M 'EXL
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42 Quantity data Tt s ey Rpvand od

“.The only " necessary quantity datum is the
total floor area of the building(s). In model A
the mean floor area of the buildings (the ‘aver-
age building 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

RO 7 ‘1"-"{‘-)‘ t“‘"‘""’ Soabeicot Bt
4 3 Special data for model B R %

“In the building level model 1t 1s even pos-
s1b1e to change the default values of parame-
ters which are usually not determined by the
planning decisions. However, .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




( llﬂlllll 1he Quantity Data
OK 3 F2

MODEL A: QUANTITY DATA

Block: 2 Lot: 1
Building Category: Blocks of flats

Floor Area (sq.m.) Iﬁ;ﬁ)ob :4
Average Building Size 2342
Average Number of Storeys 4,01

t )

Fig. 3. Quantity Data screen for model A.

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
changmg these values it is poss1b1e for in-
stance, to carry out some senmtwlty analyses
or consider some spemal bulldmg types. The
default values correspond to usual bulldmg

PraCtlcﬁ 1,'1.?1’1!3}3:5;.1#&&1 slGH o A msrmmsw

Wt

i

4.4. Clzmote data
The cl1mat1c parameters are the same for
both ‘models. "“They are” divided 'into three

ey

parts: temperature data wmd data and’solar -

P e S %

radiation data. o e dun et oy
‘The ' actual, temperature,t datum used in the
calculatwns is the heating degree days of the
building site. Thls 18 requested as a deviation
from o certain reference degree days ualue. If
the devxatlon 18, not known it 1s alsd posmble
to obtain automatxcally an approxlmate value
for it by choosing the situation of the building
or building" group in ‘the terrain from- glven
alternatives. ‘The” possible’ ""Tlternatlves ‘con-
cern height dlfferences orlentatlon ‘of slopes
as well as possible cold air lakes. Flgure 4
illustrates the Temperature Data screen. :

an e T Sl s Case N, - 3 )
i 248 : g o W s
| TEMPERATURE DATA = ' "0
2 Jgacbot Lo kel ) 5%
a4 ik 103 felkam 4 2 atrin 2
*'"Bullding site; 17 10 FEIE ¥ gasic degree days: % 'é 3
Y "Coldairlake -FrL - 0L ANEEES () N6 egvwgory oleR
Northern slope S0 L0 S LT peviation: ol 2]
Plain e
>

T itoaihand 501 167 e'&miﬁuom ")

Fig. 4. Temperature Data screen. i -,u;fi, o

_ option of choosing a proper descnptlon of the
- exposure, of ,the building' site.to winds from

* wind tunnel tests with scale models made in

Building site: WiND ‘DATA “

Sheltered (forest, valiey) Block: 2T

Lot: 1

Building group, open inland terrain

i
e Locsl mean wind
, on open coast *s.,  velocity (m/s):

Dstached building, inland terrain
- . . on hill

- -

. on open coast

N v
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 ok
accurately, a wind tunnel test should be
made, because the nature of the "airflows
around buildings 'in ‘different situations™is
very ~'complicated “to’unravel “analytically.
However, the impact of winds is usually not
very important from the energy point of view.
Thus, in most cases it suffices to give only a
rough approximation of the windiness of the
building site. To do this the user has the

given, alternatives. ;The choice, is .then, inter-
preted as a local mean wmdj;_velomty by the
model. . Figure 5 .illustrates. the ,Wind Data
screen. The wind. velocities corresponding to
the given choices are based on wind statistics _
of some Finnish locations and the results of

the ASTA research.
42:/The actual datum needed about solar radla- et
tion is the seasonal total solar heat gain of the
building. In the ASTA 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 orientations
at the building site as well as the main orien- .= =
tation of the building itself. If the solar radia- .
tion data are not available, it also suffices to
roughly determine the approximate horizon.of . =
the building site. This corresponds to. certam ’
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Fig. 6. Solar Data screen.

default radiation values in the model. Figure 6
illustrates the Solar Data screen.

All the correlations between the actual cli-
matic parameters and the corresponding plan-
ning parameters are determined according to
the ASTA research. They represent ordinary
Finnish situations. For special cases the ac-
tual climatic data used for calculations should
be input diref:tly-. 136 603 o] IngTogme viay
g gino 5%i3 0t 8odflue 4l a98ns AT

I e (I P Sy g L T
5. CONCLUSIONS ,m.,‘.l.. ’“‘"i"“"z“-‘,lr‘ dauoy
vaeiorid alds ob. 0T el

Jagil 1L A
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- plied in ‘the first place for traditional Finnish
buildings in ordmary situations exxstmg within
the Finnish terrain’ and ‘climate." Thus," for
example, the energy consumption of cooling 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 to
...be applicable in other ¢limate types. & hitiw
The model is still a prototype and it will be
developed further after some experimental use
in practice. So far the model has proved to be
quite easy to use. However, some parameters
“‘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-
tions using other models. Clearly, the consid-
erations of winds and solar radiation still
need improvement. The infiltration functions
- should be less dependent on certain building
- types. It ‘might also be possible to roughly
. take into account the prevailing wind direc-
tions and the situation of the building in rela-
‘tion to wind directions. Also, the free energies
should be taken into account more flexibly,

Fa for - example, by usmg some simplified SLR
& method !
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‘waiblind
-9i.The developed model is intended to be ap- _

s o ning and Building Costs of Residential Areas, Valtion

< B Noteés 935, Technical Research Centre of Finland, Espoo .

\

access to the building could still furthe 1
prove the method. g
At present, the results can be reported on|
as tabular reports of all or selected buildin
types or special reports concerning individus
buildings or building categories. The mode
will be further developed to also include con
parative calculations with altered input dats
Moreover, the graphical representation of th

results will be included in the model. 4 4
L
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Equatlons for calculatmg the energy consump-
tion | ... X

Conductance of the basement
Gb o g/At’m <t bg/nam et

Sval

'uu‘;

T 4;;:{)";8 (1)




Conductive losses through the basement
Q. = 0.024 x Gy x S, (2)
Conductance of the envelope
Model A
G, =8g 4 b X Ny [Agy + o[y + 8| Ay,
Model B
Go=[Apw X Upu + A5, % (
+ A x Ugl/Aq
Conductive losses through the envelope
Q..=0.024 x G, x S, 4)

Mean air exchange factor
No+aw X (vw—bw)2

(3a)

U, iz — er)
(3b)

()

Ventilation losses
Q. —0008xNxV xSek e e

Endogenous free energles (model B)
PEYER 2 ‘[\,':

‘”’l)h T
Qﬁ_Qp+eww X wa+075 X Q.,..-L’.“ {aear: (7)

2y

4

Statlonary free energ1es (model B) e quarnt:

Cinpirextingstod bect 4;&”" TIPS L5
Qs 705 A w25 0 £,0.25 ?‘Qemgcﬂ(ﬁ

--'“3‘-,‘ PXEA7 5 p siip

Variable free energles (model B) tmd mf‘iww 2
‘g have ﬂ"m, ol m.ﬂﬁm&‘ed huz; O au,,p / s 9
Qf ¢ bt \n r.rjn,.' ezfzru"!c‘ ;uvn(‘ ).

T30 af <

PO,

Explmted free energles f‘f‘rwp'»r.ﬁs £
s i Y ﬂé’\ Irh/ya) e R

| Model A A
Qr = O + bfe/Adw + cfe/Als + efe X _(193)
Model B g
Qe = Qs + &% Qn)]Aq BRITICHATIOE (10)
oamanial Res

'y SRR S uaeht
Total net energy consumptxon k- e

Q= s v (11)

Qn = ch + ch + Qv + wa

Nomenclature : ’ LR Lo
@y b - constants dependmg on bulldmg
@y, bg, ' Y category

€5, de asurcd datg. Afer ¢ ?

a,, it w‘"‘* heat demand, nen was ¢lear

g, b, Cf wsusted hest source: La e
't 0 4 coefficient of warm water heat gain

Cyww
[ coefficient of free energy explmta—
tion THEEREREA |
A R s ;""\gﬂ_:i}_f{&‘ﬁ AN R
I T K
Figure i s a mt a* exha tafad i‘,em SOy o

S U, N tmm mean wind velocity at the building *
S SeTVE am ‘site (at 2/3 helght of the building)-
= ability 6f ¢(m/s) *x is Tather smail we have h
Qc inted itconductive ‘losses through,, b:

mean size of buildings (floor m?)

Aqy total floor area (m?) ;
Az net floor area without secondary
spaces (m?
A, floor area per inhabitant (m?/in)
Ay floor area per dwelling (m?/dw) e
A area of external walls (m?) e
Ay roof area (m?
Ay, area of windows (m?)
M mean number of storeys o
Va air volume of building(s) iE
(m®/floor m? g 3
578 U-value of external walls (without *
windows) (W/m? °C)
Uy U-value of the roof (W/m?°C)
Uy U-value of windows (W/m?°C)
G,  conductance of the basement
: (W/°C floor m?) {
G, ' s conductance of the envelope . vaii
bili (W/°C floor m?) EhE

N  powor air exchange rate (1/h) -~ = =
N, s=wervspecific air exchange rate (1/h) -
S, ' ‘neinerdegree-days for conduction losses
{4) refrig‘e'through basement (°Cd) = ¢

S, ' «lecivi effective heating degree-days
(5) subwa duced accordmg to second
B s | unwrgspaces (°Cd) Shises
b lckmeu Jower limit value of the me:
x.iu; to mc veloclty (m/s) =& Gor tal rhangb

£ ‘i“‘ic*‘ ment (kWh/floor m?) sted hést i
Qce A f it{conductive losses through en 1
i+ (kWh/floor m?) oicoes, :
Qv “igure ventilation losses (kWh/ﬁoor m’),.,,
Q... "*les. energy consumption for warm -
agesara loter supply (kWh/floor m? a)- plak
Q. 'voatoelectricity consumption (kWh/a) -
Q, ~  heat load from people (kWh/a) The
Qs -7 endogenous free energies - d*..‘mg*
:  (kWh/a)
Q. statlonary free energles (kWh/a)
Q[‘v
Q¢ ' 1.cur.-exploited free energies "L
(kWh/floor m?) : 2R

Q,, "0 SOlar heat gain (kWhIﬂoor m’)
a Thi topDet energy consumptlon .
_f’yhrﬁ 1856 (kWh/ﬁoor mz) W
exhnvsted Tt of;_-ower phl ;
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