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ENERGY CONSUMPTION IN POLISH BUILDING SECTOR

The building industry is the Polish economy’s most energy-consuming branch. Erection and mainte- 
nancc óf buildings absorbs ahnost 50% of the state’ s energy dęmand: High energy consumption levels result, 
inter alia, in rapid depletion o f energy raw materials deposits, and increasing emissions of many hazardous 
compounds, including C 02 and S 02 [1]. Irrational energy management threatens with the emergence of en
ergy raw materials barriers (i.e. conditions in which energy raw materials acąuisition becomes impossible or 
economically ineffective, whereas thę production of additional volumes of energy is impracticaf for technical 
reasons). The scope of the latter phenomenon may be confirmed by the following data:Torecast tptaliworld 
energy consumption in the year 200 at the level of 400 EJ will result in the emission of 6.6:109 MT of CÓ2, 
and 135.0 Ю6 MT of Ś02. ■ , "

Therefore, extensive reśearch is how run in Poland, aimed at discovery of yarious reduction opportuni- 
ties of the building industry’s energy consumption levels. In order, however, to achieve expected results in

Архитектура и строительная физика

;In Poland, energy needed; to heat about• 60% of housing units is produced centrally. The remaining 
40% of housing units possess their own boiler rooms. Heating ovens usually have jow efficiencies. Hard coal 
is the basie type of fuel. Therefore, the foliowing activities should be conductive to' rediice heat loss in this 
domain: further decentralization of energy production sources (avoiding in this way any serious losses af the 
stage of its transference toyarious^customers); substitution of out-dated heat ovehs and facilities witH śtate- 
of-the-art ones of high efficiencies, replacement o f  coal with hydrocarbonic fuels (as an exampl6,tlieir share 
in Germany’s fuel structure amounts to about 90%) (Table l). -  ■■■• -
ТаЫе 1 -  Municipal household sector’s fuel consumption for heat production structure 1 '

Country , : i O Hard coal and coke Hydrocarbon fuel
Polska-^ 80 % ‘ :: 20 % (usually gas)
Niemcy 10% ’ • • 90 % (usually oil)
Czechy ! ' 68% '• ■v 3 2 % " V'"" ......
Węgry 40 % ' ' ’ ' 60%  - ..
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In case of decentralized energy production, energy is subject to distribution to customers. Heat losses due 
to transference may reach as much as even 20% [2], and may grow in case of heat network emergency occur- 
rences. These losses may be limited thtóugh brihgirig tó a Minimum the length of energy transference routes, 
and through isolation of heat pipelines with state-of-the-art materials (of cellular structure, e.g. Aeroflex).
; Besidesheat energy.production and transference, huge saving opportunities exist at the stages of de
sign works, erection, and maintenance of buildings.; Construction / technological design worksplay a crucial 
roje in the indicated triangle; as it is the designer who creates definite materiał, construction; and technologi
cal Solutions, which, :when madę reality in the form of a building, or earlier building materials production, 
exert a decisive impact upon energy eonsumption levels both at erection and maintenance stages. Since the 

i share of particular multi-family building elements in heat losses presented in Table 2. ' •

Архитектура-и строительная физика

Table 2 -  Average heat losses in multi-: amily building • Л
h - 4 ., Heat losses ■ :: Participation in heat losses by 

extemal surface, % 4
Participation'in building heat 

losses, %
External walls >47 M ’ 34 ,

' Windows and doors - ■■■' ■■■• 4T - 30
: : Yentilation ;ь ;'V f ;  -- " — ' *v  ' ■ 27

Roof or ceiling 8 6
Ceiling over no heating cellar or floor i 

1 on the soil ;
4 3

The above facts find their reflection also in values of heat demand factor E, which for most Polish 
housing units are within the rangę of 235-310 kWh / (m2a) (Table 3). For the sake of comparison, the value 
of E factor is lower by about 25% in France, and by. about 46% in Denmark, taking into account different 
weather conditions. In Poland, only the users of housing units erected iri conformance to the 1991 heat stan
dard; reąuirements, and “Building Technical Requirements” of 1995, or users of buildings that were sub- 
jected to thorough thermal renovation, would have a chance to reach similar heat / energy parameters of their 
housing units. ;i - _ v ; ;
Table 3 -  Energy consumption for heating of juildings in Poland and others countries
Years of building Rough values of E factor, 

k\Vh/(m2a)
Rough values. o f , E . factor, 
MJ/(m2a)

until 1966 ' ' ' 240 - 350 864- 1360
1966 -*1985 i ' : ' rAs:- J;ii 240 - 280 864 - 1008
1986-T992 : 160 т 200 : ; - > . 576- 720 ' '
1993 - 1997 1 ■ >..-i 120 -160 432- 576 ■ :
until 1998,...... -.........  ................ 90-120 324 - 432 ’
current standards in Germany ' ' ,■ i' ;

O00o

144- 288
current standards in Sweden 30- 60 1 0 8 - 2 1 6

Modem isolation and construction materials with Iow heat permeability factors make it possible to 
significantly ,improve thermal isolation .parameters'- o f walis and Windows. Heat loss reduction through venti- 
lation ( conduits may be achieved if ventilation, conduits’ necessary yolumes and ąuantities; as specified in 
stan dard s, are not exceeded. .■ ■ e-u; я.;М; • ;:>\ń •• -,го * -M? -v'"'i C ■’ "

Except for construction elements; it .is importańt to create appropriate deśigns of interior heating in- 
stallations, including, but not limited to* eąuipment of heat junctions in hot water nn-take autoniatic adjust- 
ment facilities, usage of high efficiency radiators, radiator screens, and thermostatic valves. As an'example, 
heat junctions equipped in hot water in-take automatic adjustment facilities may reduce energy consumption 
by about 12%, whereas usage of radiator screens by about 4% [3]. : ' •

Energy savings should be also sought at the stage of construction. Eneigy leycls used to erect a.build- 
ing usually does not exceed 10% of those within the maintenance period. The essence of saving at this stage 
of investment consists in energy consumption rationaliiation at the successive stages of basie and auxiliary 
production, aided by uhification and industrialization of building processes. •.
, Energy consumption levels o f buildings erection'are significantly influenced by energy consumption 
levels of building materials production. Variance in energy consumption levels at the production of this type 
of materials may be quite substantiaij e.g.: in order to manufakturę T m3 of reinforced ćoherete elemerits 11.5
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GJ of energy is needed, the manufacture of 1 m3 of calcium-silicate bricks requires as little as 1.6 GJ [7].'En
ergy consumption levels of building materials production presented in Table 4.
Table 4 -  Coęfficients of accumulated energy consumption in production of sonie building materials in the 

following countries: Canada, USA, Switzerland, Finland and iri Poland • ,
_______  [Our own data based on [8]] _______________________ ;_____

Архитектура и строительная физика

Materials; - ’ Canada USA Switzerland Finland ' Poland
Aluminium, 236,3 192,0 261,7 - —-— ’ ; 224,5'
Steel 25 ,7 ... 39,0 27,7 ----- 54,7
Window glass 10,2 . . 19,8 21,6 ć 16,5 30,5
Plaster 7,4....... 7,2 - - r 1,4 ----- '7,2
Brick 4,9 „ . • 5,8 3,1 - 2,8 9,1
Minerał wool 22,3 •• • 14,0 18,0 23,4' . 20,8 ;■
Cement 5,9 9,4 4,9 ■ . 4,9 ... 8,2-:
Concrete ... / • 1,3 0,9 ——
Mortal i • 2,2 — - - — • 1,4 *....  -A

. . . . . . .

At the building industry consumes very high ąuantities. of materials, energy consumption; levels of ; 
building materials production should not be neglećted. Desirable in this area is ćónsidered searching for,ma-! 
terials of thermal isolation but at the same time strength pararneters; that demand little energy expehditure at 
the stage of production, as well as making use,_ in.building production processes, of materials that require 
little energy to be manufactured. . . • ; , ,. , .... ; , . ; >

Energy consumption iri buildinjg presented in Tables 5,6,7,8. •
Table 5 -  Accumulated energy consumption in Life Ćycle Assessment (LCA) of building, which construc-

tion erected with yarious building materials [4]
Energy

, consumption:,.
Wooden construction Steel construction • Concrete construction
GJ/m2

4,4
: GJ/m2 " v % GJ/m2 %

Building erection 5,5 -V .9 : U " ' 4,9 ..... 8
Use of building 52,5 83 52,5 . 81 52,5 . ■ . , 82

Technical 
. exploitation

6,6 10 6,7 ■ 10, . • - ,6,5 . . 10 •• .

Total energy 
consumption

63,5 100 64,5 • ■ 100- - 63,9- 100 •

Table 6 Accumulated energy consumption invarious elementsofbuilding 
_________ [Our own data based on [ 8 Ц ______________________ •1 """:

Energy consumption Exploitation; 50 years Exploitation: 100 years
GJ/m2 GJ/m2 :■ : c . ; %

Developing of bulding site 357 1,2 •. ,.--л 992 . v 1,4 ,
Construction 0 0,0 . 0 0,0
Extcrnal surface - 8943 . 29,5- 20060 ■ • 29,0
Completing : ' ' 9339 30,8 21046 30,5
Installation * ... .  9920 ' 32 ,8 ,. ; . 23093 33,4
Building erection ". 1714 ' ‘ - 5,7 3911 5,7
Sum : 30273 100,0 69102 o o o

Energy corisumptibn index, GJ/riii 6,55 -  ■ 14,96
• Last but not least out of the areas indicated in the. graph, i.e. reduction of lieatloss.at,liquidątion o f v 

buildings/ iś supplementary in naturę. Energy consumption" leyels whenpullińg down buildings may, be var-,;, 
ied, and ćhiefly dependable upon pulling down technológies and methods of liquidation oftheir remaining.

Due to limited space of this paper, only the mośt important guidelines to reduce heat losses.in the Pol- , 
ish building industry have been sketched iń it. The isśues raised here appear to a larger or smaller degree(in 
most pbst-communist countries, whose scientific and executive personnel .keep on trying to find ,the .best, , 
methods to solve them. The .author of this paper is of the opinion that common, .integrated activities run by 
scientistś ifbrii these countries could lead to morę rational and morę global Solutions, receivable in shorter 
periods of time. • . . . ;
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Table 7 -Accum ulated energy consumption ih yariouk elemerits of building ‘ ■

Архитектура и строительная физика

[Our own data based on [8]] ' ■
Energy consumption ■ Exploitation: 25 years, % : Exploitation: 50 years, % Exploitation: 100 years, %
Developing 
of building site &  '

: 0,5 ’ v ■ ■ A»4

Constriiction ; - ■ ■ ■ o,oi : ■ . • \ . 0,0 0,0
Extemal surface 32,7 29 ,5 ....... 29,0
Completing 32,7. ' * • ... 30,8 - 30,5
Installation ■ ■ .  28,4 .........  . 32,8 .. '. 33,4 ’
Building erection -  5,7 . L ; i  -. ■ 5,7 5,7 ■'
Sum .' •• •: ioo,o . 100,0 100,0

Table 8 -  Rough accumulated energy. consumption in erecting phase of building in GJ/m2 
i [Our own data based ón [6]] , , -  , - ....... " - ^
i Construction Light Meddle Heavy .
Easy ......... ............... 1 ................. 4 ,0 ............... 5,0-. •:■■■ ■ - - ....... 6,0 .......
Traditional /  typical ‘ ' 5,5 " 6,5 Г v  7,5
Complicated ; ,;b • ..i., •: ■, -u 8,0 • , N-. ’ .
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! ДЕНЕЖНЫЙ ЭКВИВАЛЕНТ ОБЩЕСТВЕННО ОПРАВДАННЫХ ЗАТРАТ 
I НА СНИЖЕНИЕ ДОЗЫ РАДИАЦИОННОГО ОБЛУЧЕНИЯ НАСЕЛЕНИЯ 
S. А : И ПРОБЛЕМЫ ЕГО ОЦЕНКИ
' .'i.-'»! ' I fi *' Н ! * : . .. _ ■ :
j Радиационный фон в помещениях, в частаости}- жилых [2], формируется, преимущественно, излу

чением естественных радионуклидов (ЕРН), входящих в состав практически вбех природных строитель
ных материалов!'Уже’ хотя бы поэтому полная защита строящихся й о б н о ^ е м ь к  зданий от монтирую
щего излучения нёвотможна,’ а предпринимаемая' - вынуадена ргранотиваться разумными границами. ^

Т Важной характеристикой, придающей количественный характер обоснованиям рациональности 
проектируемых защитных1 мероприятий! является значение максимально оправданных затрат, тре
бующихся для снижения коллективной дозы; ‘облучения населения на 1 чел.-Зиверт (чел.-Зв), изме-. 
ряемоёвДенежныхединицах/приходящихсянаДАеловека. ' .f ' . . ..

По оценкам международной1 комиссий по радиологической защите (МКРЗ), выполненным в 80-х 
годах прошлого века, такие затраты составляют'от 1000 до 100000 тысяч долларов, США [5, с 166].

К сожаленикузринципы и факторы, учитывавшиеся при этом, нам неизвестны.
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