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Introduction

According to the Directive 2002/91/EC [2] on the energy performance of buildings all
member states of the European Union have to introduce the energy performance certification
of buildings until 4 January 2006. The Directive does not forbid member states to implement
their own buildings energy certification schemes as no common methodology can be
developed in so short time.

The energy certification scheme for dwelling buildings in Latvia was developed by
Riga Technical University in 2000 [3], taking into the consideration two main assumptions:
§ firgt, the scheme has to evaluate thermal performance of buildings, and
8 second, it hasto stimulate the behaviour of the inhabitants in order to make them
use energy more rationally.

The existing buildings' energy certification scheme is based on unique rating criteria—
standardized annual specific heat consumption, which is calculated on the basis of real
measured heat consumption for space heating and hot water supply.

This system of buildings energy certification was successfully implemented with the
support of EU LIFE programme in Ogre town during the ENERLAB project, which lasted
from 2002 until 2004. In the framework of this project the heat consumption of 139 muilti-
storey apartment buildings with total area of 354 265 m* was analysed. During the project
time energy certification of the analysed buildings was done twice for years 2002/2003 and
2003/2004. The results of this project had proved that energy certification of buildings that
was done on the basis of corrected measured consumption is an effective factor of the
reduction of building energy consumption. Comparison of buildings' heat consumption before
and after energy certification [1] had shown that reduction of buildings energy consumption
was 9,4% after correction for the differences of climatic conditions of heating seasons.

Taking into account the positive results achieved in Ogre town it was decided to
continue work in this direction and to modify existing scheme. The modified energy
certification scheme should take into consideration full buildings energy consumption
including also gas and electricity consumption. The new scheme will give possibility to create
full image of buildings energy performance and to reach further reduction of energy
consumption. In addition, the modified energy certification scheme will be in conformity with
the requirements of the Directive 2002/91/EC. It is planned to implement the modified energy
certification scheme during ENCERB project that has started in 2004 and will continue until
2006.

The paper gives theoretical basis and methodology for incorporation of electricity and
gas consumption in the standardized annual specific energy consumption that is used as
criterion in the existing buildings' energy certification scheme.

The analysis of the buildings full energy consumption in year 2003/2004



The analysis of buildings' full energy consumption for year 2003/2004 was done for
the same 139 multi-storey apartment buildings, the heat consumption of which was already
studied during ENERLAB project. The great majority of the analysed buildings were built
during the period of time from 1950-s up to the 1990-s by serial Soviet projects that were
commonly used also in other towns of Latvia

The buildings’ heat consumption for space heating and hot water supply for the period
of June 01, 2003 — May 31, 2004 was already monitored during the previous project. The
additional data on buildings’ gas and electricity consumption for the same period of time was
gathered in the scope of new ENCERB project.

Electricity consumption is measured every month separately for household and
communal needs. Household electricity consumption is measured separately for each
apartment. Communal electricity consumption includes the lighting of landings and cellar as
well as electricity consumption of circulation pumps. The gas consumption is measured for
each apartment annually. Gas supply is provided for 128 buildings out of 139. In the
remaining 11 buildings the gas is not provided and that is why electricity is used for cooking.

The analysis of buildings’ heat consumption [1] had shown that the mean total annual
specific heat consumption of buildings in Ogre town in year 2003/2004 was 176,16 KWh/m?,
mean annual specific heat consumption for space heating was 102,78 kWh/m? and the part of
space heating in total heat consumption was 0,59. In order to get more precise results showing
buildings' full energy consumption, the new analysis of heat consumption was done only for
those buildings, which have all three parts of energy consumption — heat, gas and electricity
consumption. The adjusted calculation showed that annual specific heat consumption for
space heating is 104,39 kWh/m? and for hot water supply — 73,30 KWh/m?.

Distribution of annual gas consumption per inhabitant is shown in Figure 1.
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Figure 1. Distribution of annual gas consumption, m*/inhab.

It can be seen from the Figure 1 that only 4,07% of buildings consume less than 30 m®
of gas per inhabitant and the same number of buildings consume more than 50 m® of gas per
inhabitant. The vast majority of buildings have gas consumption that ranges between 35 m®
and 45 m® per inhabitant.



In order to incorporate the gas consumption in the standardized annual specific energy
consumption, gas consumption should be expressed in kWh per square meters. The gas
consumption can be recalculated into the KWH/m? using the following formula:

_Q*933

9

. kWh/m?, (1

where: Q — gas consumption, m® per building;
9,33 —heat of gas combustion, KWh/m?;
A —floor area, .

The average recalculated annual gas consumption for cookin% is 13,61 kWh/n?.
Generally gas consumption varies from 8,38 kWh/m? up to 21,87 kWh/m?.

The analysis of buildings household electricity consumption had shown that the mean
total annual electricity consumption for buildings, which are connected to the gas supply, was
470 kWh per inhabitant or 17,88 kWh/m?. The average electricity consumption for buildings
without gas supply was 580,78 kWh per inhabitant or 22,87 KWh/n.

Buildings' electricity consumption for household needs in MWh per inhabitant is
shown in Figure 2.
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Figure 2. Buildings' electricity consumption for household needs, Mwh/inhab.

It can be seen from Figure 2 that with decreasing of occupancy level the household
electricity consumption per inhabitant is growing up.

The average annual electricity consumption for communal needs is 2,21 KWh/m?.

Mean measured annual specific energy consumption, which includes heat, gas and
electricity consumptions, and their share in total energy consumption for the period from June
01, 2003 till May 31, 2004 isgivenin Table 1.



Table 1
Mean annual specific energy consumptions for the period of June 01, 2003-May 31, 2004

Type of energy Space | Hot Gasfor | Electricity | Electricity for | Total
consumption heating | water | cooking | for house- communal
hold needs needs

Mean measured annual

specific energy 104,39 | 73,30 | 13,61 17,88 2,21 211,39
consumptions, KWh/m?
Percent of total 49,38 | 34,68 6,44 8,46 1,04 100,00

It can be seen from this table that average mean annual specific energy consumption is
211,39 kWh/m?. Space heating and hot water supply take significant part in full buildings
energy consumption, which amounts to 84,06 percent of total energy consumption. The share
of gas for cooking and electricity for household and communal needs is 15,94% out of total
energy consumption of the studied buildings. Gas and electricity consumptions' share in total
energy consumption is shown in Figure 3.
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Figure 3. Gas and electricity consumption share in total energy consumption

It can be seen from the abovementioned chart that only in 10,48% of analysed
buildings energy consumption of gas and electricity formed more than 18% of total energy
consumption, and the maximum share of these consumptions was 21,33%. In 44,36% of
buildings share of gas and electricity consumption in total energy consumption was 15-17%.

Figure 4 shows distribution of Ogre buildings mean annual specific energy
consumption versus buildings heated area in year 2003/2004.

It can be seen from the Figure 4 that mean annual specific energy consumption varies
from 162,62 kWh/m” up to 277,79 kWh/n?? in different buildings.
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Figure 4. Mean annual specific energy consumption in Ogre town in 2003/2004
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M odification of buildings energy certification scheme

The existing buildings' energy certification scheme is based on unique rating criteria—
standardized annual specific heat consumption, which is calculated on the basis of real
measured heat consumption for space heating and hot water supply.

Standardized annual specific heat consumption [3]:

— qs.h.DDa + qd.w.A
DD

O KWh/m? year, (2)

where: 30 - standard occupancy level, m® per person; A - heated built-in area, m%; DD -
degree-days of heating period in rating year; DDy - degree-days of standard year in
favourable economical conditions; n - number of inhabitants, persons; g« - rating
specific heat consumption, kWh/m? year ; gsp. - measured specific consumption for
space heating in rating year, KWh/m? year; qq., - measured consumption for domestic
hot water in rating year, KWh/m? year.

The standardized annual specific heat consumption for analysed buildings in
2003/2004 was 198,96 KWh/m”,

For the modification of existing energy certification scheme the same criterion of
standardized annual specific energy consumption can be used, expanding it by electricity and
gas consumptions. These consumptions alike to hot water consumption mainly depend on the
number of inhabitants and so have to be corrected by the occupancy level:

+ +q_ 2
o - %00 S, * Gern * g oA
st DD 30n
where: g« - rating specific energy consumption; gen, - €lectricity consumption for household
needs, KWh/m?; Oec. - €lectricity consumption for communal needs, KWHhm?; Oec -
gas consumption, KWh/m?.

+0y . , KWh/n? year, (3)




The calculation of standardized annual specific energy consumption had shown that
the average standardized specific energy consumption for analysed buildings was
229,44 KWh/, i.e. by 15,32% higher than standardized annual specific heat consumption of

2003/2004.

Figure 5 shows the standardized annual specific energy consumption for different
series of buildings in year 2003/2004.
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Figure 5. Standardized annual specific energy consumption in Ogre town in 2003/2004

The acquired average standardized annual specific energy consumption for different
series of buildings is shown in the Table 2.

Table 2

Annual specific energy consumption for different series of buildings

Buildings' series Standardized annual specific energy consumption
602™ 223,30, kWh/m?*
467" 202,32 kWh/m?
103 228,35 kWh/m?
318" 228,35 kWh/m?
104™ 243,56 kWh/m?

The structure of rating scale proposed to evaluate buildings full energy consumption
is based on the similar rating scale as in the study [3]. In order to modify the existing scale the
standardized gas and electricity consumptions were calculated (Table 3).

Table3

Standardized gas and electricity consumptions for the period of June 01, 2003-May 31, 2004

Gas consumption, Electricity consumption, Total consumption,
kKWh/m* KWh/m? KWh/m?
Minimum 8.29 12.55 20.84
Average 12.12 17.59 29.71
Maximum 19.34 24.24 43.58




The rating scale for gas consumption is based on the real measured gas consumption
for analysed buildings, which is recalculated to the standard occupancy level. The common
gas consumption in the rating scale was assumed as equal to average standardized gas
consumption, i.e. 12.12 kWh/m?. The best present gas consumption was assumed as equal to
minimum standardized gas consumption, which is 8.29 kWh/m?. The worst consumption was
taken as maximum standardized gas consumption, which is equal to 20 kWh/m?. The
remaining levels of the rating scale and their calculation methods are shown in the Table 4.

In order to find out the numerical values of the scale for electricity consumption the
theoretical electricity consumption for household needs was estimated. The theoretical
calculations of electricity consumption were done for typical apartments equipped with the
same electrical appliances, belonging to different energy consumption rating classes. The
results of calculations had shown that standardized electricity consumption for apartment
equipped with “A” class electrical appliances was 11,33 kWh/m?. The energy consumption of
the apartment equipped with “A” class electrical appliances was taken as the best present
consumption. Electricity consumption for communal needs adds 2,21 kWh/m’ to the
household electricity consumption and, consequently, total electricity consumption, assumed
as the best present consumption, is equal to 13,54 kWh/m?. Similarly to the gas consumption’s
ratings common electricity consumption in the rating scale was assumed as equal to average
standardized electricity consumption, which amounts to 17,59 kWh/m?. The worst electricity
consumption was taken as maximum standardized electricity consumption, which is 24,24
kwh/m®. Other levels of the electricity consumption rating scale and their calculation methods
are shown in the Table 4.

Table 4
Levels' values for standardized gas and electricity consumptions
Level Standardized consumptions, KWh/m®
Nr. Description Gas Electricity Total
5 | 25% better than 3 level 6 10 16
4 | 10% better than 3 level 7 12 19
3 | Best present consumption 8 13 21
2 | 3level +1/3(0 lev.-3 lev.) 9 15 24
1 | 3level +2/3(0lev.-3lev.) 11 16 27
0 | Common consumption 12 18 30
-1 | Olevel +1/2(-2 lev.-0 lev.) 16 21 37
-2 | Worst consumption 20 24 44

On the basis of before mentioned calculations the new buildings' energy certification
scheme by total energy consumption can be developed. The numerical values of the proposed
new scheme of buildings’ energy certification are presented in Table 5.



Table5
The numerical values of the proposed new scheme of buildings energy certification by total
energy consumption

Level Rating Category

Nr. | Description Value, Nr. Description Values,
kWh/mPyear kWh/mPyear

5 | 25% better than 3 level 125 Gold certificate =125

4 | 10% better than 3 level 149 Silver certificate =149

3 | Best present consumption 166 A Excellent 149.01-166

2 | 3level +1/3(0 level-3 level) 201 B Very good 166.01-201

1 | 3level +2/3(0 level-3 level) 235 C Good 201.01-235

0 | Common consumption 270 D Fair 235.01-270

-1 | Olevel +1/2(-2 lev.-0 lev.) 313 E Bad 270.01-313

-2 | Worst consumption 356 F Very bad >313.01

The results of trial implementation of proposed buildings' energy certification scheme
by total energy consumption are shown in Figure 6 below. The trial implementation of the
before mentioned scheme was done in Ogre town for 139 multi-storey apartment buildings
with total area of 354 265 m for the period of time from June 01, 2003 till May 31, 2004.
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Figure 6. The results of trial implementation of proposed buildings' energy certification
scheme by total energy consumption

The results of trial implementation of proposed buildings' energy certification scheme
by total energy consumption during the rating year of 2003/2004 had shown that the majority
of analysed buildings according to common level of consumption belonged to C and D
ratings. 57,55% of all analysed buildings belonged to rating C and 26,62% - to rating D.

Conclusions
8§ Theexisting in Latvia buildings energy certification scheme is based on unique rating

criteria standardized annual specific heat consumption, which is calculated on the basis of real
measured heat consumption for space heating and hot water supply. In order to fulfill




requirements of the Directive 2002/91/EC on Energy Performance of Buildings Latvian
buildings’ energy certification scheme has to be modified to include in the rating also
electricity and gas consumption of households.

8 In order to develop new energy certification scheme by total energy consumption the
data about heat, gas and electricity consumption for 139 multi-storey apartment buildings for
the period of June 01, 2003 — May 31, 2004 was collected and analyzed during the ENCERB
project.

8 The results of the assessments done during the project had shown that the share of gas
for cooking and electricity for household and communal needs was 15,94% out of total energy
consumption of the studied buildings;

§ The analysis of gas consumption had shown that average annual gas consumption for
cooking was 41,2m® per inhabitant and in different buildings it varied from 26,65 m® up to
64,73 m® per inhabitant.

8§ Theanalysisof buildings' household electricity consumption had shown that the mean
total annual electricity consumption for buildings, which were connected to the gas supply,
was 470 kWh per inhabitant or 17,88 kWh/m?. The average electricity consumption for
buildings without gas supply was 580,78 kWh per inhabitant or 22,87 kWh/n.

8 In order to modify the existing energy certification scale the standardized gas and
electricity consumptions were calculated. The standardized gas consumption varies from
8,29 kWh/m? up to 19,34 kWh/m?. The standardized electricity consumption varies from
12,55 kWh/m? up to 24,24 kWh/m?.

§ Taking into account the results of the buildings’ full energy consumption analysis and
modifying the existing Latvian buildings energy certification scheme the authors propose the
new buildings energy certification scheme by total energy consumption with the following

rating scale:
Gold certificate <125 kWh/mPyear;
Silver < 149 kWh/m“year;
Excellent 149.01-166 kWh/m?year - rating A
Very good 166.01-201-kWh/m’year - rating B
Good 201.01-235 kWh/mPyear - rating C
Fair 235.01-270 kWh/mPyear - rating D
Bad 270.01-313-kWh/m?year - rating E
Very bad >313.01 kWh/m?yea - rating F

8 Theresults of trial implementation of proposed buildings' energy certification scheme
by total energy consumption during the rating year of 2003/2004 had shown that 57,55% of
all analysed buildings according to common level of consumption belonged to rating C and
26,62% - to rating D.
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BelindZeva-Korkla O., KredinS A., Borodirzecs A. Dzivojamo eku energosertifikacija pec pilna energopaterina
Viena no Direktivas 2002/91/EC prastbamir ieviest visas ES dalibval stis eku ener gijas sertifikaciju. So direktivu
dalibvalstim ir japarpem lidz 2006. gadam. Latvija dzvojamo éku energosertifikacijas shema tika izstradata
RTU 2000. gada un veiksmigi izméginata Ogre 2002.-2004. gada. Eso&a eku energosertifikacijas shema ietver
sevr tikai energijas pateripu apkurei un karsta idens apgadei. Lai atbilstu energosertifikacijai pec pilna
energopateripa eku energosertifikacijas shema ir jaiek/auj arz gazes un elektribas paterinS. Dati par eku pilno
energopaterinu tika savakti Ogres ekam 2004./2005. gada.Raksta pirmo reizi Latvija tiek apkopoti un analizeti
iegitie dati par éku pilno energopateripu. Autori sniedz teoretisko pamatojumu un metodologiju elektribas un
gazes pateripu ieverSanai standartizétaja gada ipatnéja energopatering, kasir izmantots ka kriterijs esoSaja eku
energosertifikacijas shema.

BelindZeva-Korkla O., KredinS A., Borodirecs A. Dwelling buildings energy certification by total energy
consumption

One of the requirements of the Dir ective 2002/91/EC on the ener gy performance of buildings is introduction
in the EU member countries of energy certification of buildings. It has to be implemented starting from 2006. In
Latvia the energy certification scheme for dwelling buildings was developed in RTU in 2000 and successfully
implemented in Ogre in 2002-2004. The existing buildings energy certification scheme takes into account only
energy consumption of space heating and hot water supply. In order to comply with the requirements of the
certification by total energy consumption the building energy certification scheme has to consider aso gas and
electricity consumption. The data on buildings total energy consumption were gathered for Ogre buildings in
2004/2005.The paper for the first time presents and analyses measured data on total building energy
consumption in Latvia. The paper gives theoretical basis and methodology for incorporation of electricity and
gas consumption in the gandardized annual specific energy consumption used as criterion in the exigting
building energy certification scheme.
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Oonum uz mpebosanuii Jupexmuevr 2002/9LUEC ssnsemcs snedpenue cxemul dHep2ocepmupurayuu 30aHull 60
ecex cmpanax Eeponeiickoeo Cowsa nauwunas c¢ 2006 coda. Ceiiuac ¢ Jlameuu cywecmeyem cucmema
oHepeocepmu@urayuu Heuavlx 30anuil, komopyio paspabomanu ¢ PTY ¢ 2000 200y u ycnewno onpobosanu 6
eopode Oecpe ¢ 2002-2004 zo0ax. Cywecmsyiowas cxema  9HEpeOCEpMUPUKAYUU VHUMbBIBACH MOJIbKO
9HepeonompebaeHue 05t OMONJeHUsL U 20paye20 8000CHabIcenus. /s mo2o umobvl uinoaHumMs mpeboanus
9HepeocepmuUpuUKayuy no  NOAHOMY IHEPLONOMPEONCHUIO, CXeMAd  IHePOCepMUGUKAyuU O0INHCHA BKIIOYAMb
makaice nompebnerue INeKMpuULecmsa u 2azd. JJanHvie 0 NOJHOM SHEP2ONOMPEOICHUU JCUTLIX 30aHULl 20po0a
Oepe 6viu coopannvt ¢ 2004/2005 200y.B cmamve enepsvie 6 Jlameuu cobpanvl u NPoOAHATUUPOSAHDL
(akmuyeckue OanHvle 0 NOIAHOM IHEPLONOMpeONeHUU HCUbIX 30anull. B cmamve Oaemcs meopemuueckoe
0bocHosanue u memooono2us 015 00beOuHenus NOMpeOeHUs DIEKMPULeCmed U 2a3d 8 CMAHOAPMUUPOBAHHOM
200060M  YOeNbHOM  9HepeonompeObieHuu,  KOMOpbulll — UCHONb3Yemcs 6  Cywecmeylowel  cxeme
9Hepeocepmu@urayuu 30aHul.
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