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Abstract. Energy performance certification (EPC) of buildings results in a label for the buildings. Every label has to
correspond to a fixed energy consumption per year. Energy consumption taken as a basis for the certification is to
reflect efficiency of energy use in buildings and stimulate the occupiers to become more aware of the effect of their
behaviour. The method of energy performance efficiency calculation is proposed and numerical values of annual energy
consumption are elaborated on the ground of these two aims, European Union requirements and Dutch experience as

energy performance efficiency indicators.
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1. Introduction

The goal of energy performance certification (EPC)
is to assess the total energy efficiency of a building and
to provide information on energy efficiency improve-
ments. There are two reasons why energy performance
efficiency certification is to be implemented in Lithuania.
The first one is to comply with the European Union re-
quirements, the second expresses an urgent necessity to
lower energy consumption in buildings thus decreasing
expenses for the maintenance of buildings. These gen-
eral tasks include, amongst others, a subtask — establish-
ing energy performance efficiency indicators.

In the European Union, EPC is regarded as a prom-
ising measure to increase energy efficiency in buildings,
and is the subject of existing and proposed EU legisla-
tion. Countries that intend to enter the EU must comply
with the SAVE Directive (93/76/EEC), which provides
in Article 2: “Member States shall draw up and imple-
ment programmes on the energy certification of build-
ings. Energy certification of buildings, which shall con-
sist of a description of their energy characteristics, must
provide information for prospective users concerning a
building’s energy efficiency. Whereas appropriate, certi-
fication may also include options for the improvement
of these energy characteristics.” However, it is clear that
the Directive allows considerable flexibility, both in terms
of the choice of implementation instruments and the scope
of the programmes selected [1].

Furthermore, the EU institutions have been devel-
oping a proposed directive on energy performance in
buildings, which would require Member States to adopt
a methodology for calculating the integrated energy per-
formance of buildings, based upon a common harmonised
methodology.

In Lithuania, an EPC for buildings can serve as one
of the instruments to increase the quality of the building
stock. Therefore, the EPC can be linked to programmes
on building maintenance.

Definition of energy performance certification is
based on the Draft Directive on energy performance in
buildings [2]. The energy performance of a building is
the total energy efficiency of a building, reflected in one
or more numeric indicators which have been calculated,
taking into account insulation, installation characteristics,
design and positioning, own energy generation and other
factors that influence the net energy demand. Further-
more, the energy performance certificate of a building
is an officially recognised certificate in which the result
of calculation of the energy performance of a building
is presented.

This paper presents the methodology and proposals
for establishing EPC numeric indicators.

The energy performance certification scheme is the
calculation method and translation to a certificate or la-
bel. The energy performance certification programme is
the scheme embedding.
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2. Method

The certification methodology results in a label for
buildings, expressing the level of energy efficiency [3].
The label is given for numeric indicators corresponding
to a fixed energy consumption per year. In addition, a
system of points is added in order to identify the mea-
sures that can be taken to increase energy efficiency. The
basis for the energy consumption indicators is a calcula-
tion of heat losses and gains.

The following issues have been taken into account
in establishing indicators.

Calculated versus measured energy consumption

The energy consumption that is taken as a basis for
the certification should not be influenced by behaviour
of the occupiers, because it is the quality of the building
itself that is the subject to certification, not the energy
consumption as such. In order to avoid these influences,
the calculated energy consumption should be taken as a
basis for the certification. However, whenever data about
measured energy consumption are available, those data
should be included in the certificate in order to compare
“reasonable” consumption (calculated) to real consump-
tion (measured). This may stimulate the occupiers to
become more aware of the effect of their behaviour.

Energy conservation measures

The EPC should also offer possibilities for occupi-
ers to be upgraded into a higher category, if energy con-
servation measures are carried out. Hence, apart from
the calculated or measured energy consumption, energy
conservation measures with their (theoretical) energy sav-
ings should be identified. Thus, EPC has to include an
adequite number of energy consumption levels.

Adequate but simple method

Furthermore, some practical constraints are taken
into account in establishing the indicators. The method
has to be inexpensive and easy to design and implement,
and at the same time complex enough to give a reliable
basis for labelling. This has to be achieved by choosing
a straightforward energy consumption calculation, and
introducing a point system for the characteristics not in-
cluded in the calculation. In addition, the Excel imple-
mentation of the EPC scheme should allow a trained
auditor to perform an audit of a complete multifamily
building in at most four hours. Finally, the scheme has
to be suitable both for new and existing buildings, and
should allow extension in the future, for instance, to
buildings in the public sector.

3. The proposed energy rating system

Energy performance certification should be based
on clear and strictly defined assumptions. There are two
main approaches based on different philosophy which are
used when establishing energy rating scales.

The first one was developed by imposing the fol-
lowing constraints: a) the index should tend to zero when

the normalised annual energy cost is too large, and b)
the index should tend to 100 % where there is no need
to purchase energy [4]. Relationship between the index
of energy performance and normalised annual energy cost
looks like Gauss’ probability curve with two extremes.
That is when the house is energy efficient, the index of
energy performance can be improved only if some eco-
nomically unjustified expenses are undertaken. Lower
extreme reflects situation when expenses are unjustified
because of inherent low energy efficiency of the build-
ing. An upper extreme means that when the house is
energy efficient, the index of energy performance can be
improved only if some economically unjustified expenses
are undertaken. In Lithuania similar approach is consid-
ered in the National Programme of energy efficiency
increasing [5-7].

The second approach establishes the energy perfor-
mance rating in terms of annual energy use or annual
energy cost per m%. Energy labelling becomes more or
less arbitrary, in accordance with local point of view what
thermal performance is anticipated being of good level.

Numeric indicators are expressed in various ways.
The most known are consumption values kWh per sq. m
of total heated area or in natural gas equivalent [§]. In
their turn, buildings are divided into cathegories in ac-
cordance with their volume, number of floors or ratio
volume/external surface [9, 10]. In the Lithuanian case
statistics contains information data only of number of
buildings, area and number of floors; we will follow this
division.

All buildings are divided into categories in accor-
dance with their total energy use kWh/m2.a (5-7
cathegories). Every step of energy efficiency improve-
ment requires more effort and saved energy percentage
is less. The ratio of energy consumption very efficient/
efficient cathegories lies amongst 1,06 and 1,21 in coun-
tries where EPC is implemented [4]. In this investiga-
tion the ratio is assumed between 1,15 (at most effective
level) and 1,06 (at lowest level).

Building envelope thermal insulation requirements
described in the Lithuanian Building Regulation STR
2.05.01:1999 [11] correspond to the most particular Scan-
dinavian and Canadian Regulations. Hence energy perfor-
mance of the buildings built after the Regulation has come
in force should be assessed “very good” (label B ). Label A
reflects the lowest energy consumption level that could be
achieved if reasonable energy saving measures are imple-
mented in the new housing. On the other hand, low label
could be assigned to the buildings which envelope’s U-val-
ues conform to the requirements of former Soviet Regula-
tion (label E ).

Thus labelling of energy performance conforms to
natural steps:
label A — excellent, annual energy use is 15% less of
the level B;
label B — very good, corresponds to STR 2.05.01:1999
[11], assuming 70 % exhausted air heat recovery;
label C — good, corresponds to RSN 143-92 [12];
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label D — satisfactory;
label E - basic, corresponds to the Soviet Regulations.

Energy performance efficiency depends on the ratio
of heated area versus the area of building envelope.
Hence energy performance labelling table for various
types of residential houses should be elaborated.

Lithuanian Building Regulations, concerning thermal
properties of the building envelope, deals with eight types
of the buildings: one-floor, one-two floors attached, two
floors, one-three floors of complicated shape, three-four
floors, five floors, six-nine floors, ten and more floors.
The results of the annual heat consumption for heating
and ventilation are given in Table 4.

The next chapter explains the figures given in
Table 4.

4. Establishing values of energy consumption indica-
tors

Presumptions

Annual energy use of the building is given by the
equation:

0+0,=0,+0,+0y*+0-0, (1

where: Q is the building energy use for heating;

Q. — the heat recovered from auxiliary equipment,
heating systems and environment;

Q, — the heat used for space heating;

Q. — the heat used for ventilation;

Q, — the heat required for hot water;

Q, — the total of heat losses due to the heating sys-

tem.
9 e~ the internal and solar heat gains.

Calculation of the annual energy use for heating is
based on LST EN832 [13]. Energy certification intends
to improve energy efficiency of buildings. Some of equa-
tion components can vary very much for the same build-
ing type.

Heat required for hot water preparation Q, is not
directly related to the thermal properties of building en-
velope. Heat losses due to the heating system Q, include
additional heat loss due to non-uniform temperature dis-
tribution, characteristics of the control and piping sys-
tems, heat generator losses. Heat generator and distribu-
tion system losses are not included in the specific heat
loss coefficient of the building, hence they are not con-
sidered further. Heat consumption is calculated for all
building, figures are not valid for a single appartment.

Heat recovery

Heat recovery is not usual in Lithuanian residential
buildings. It is met in new housing only, therefore heat
recovery is the subject for energy efficiency improve-
ment, foreseen in very efficient houses. Efficiency of
exhausted air heat utilisation is assumed 70 %.

Space heating

Permissible annual heat use for the space heating of
new dwelling houses is given in Table 1. Annual heat
use is derived from limit value of specific heat losses
H, established by STR 2.05.01:1999 [10]. The height
of a room is assumed 2,65 m (as in the National
Programme). The heated area, in general, is equal to the
total area, excluding single cases in the country houses.
The total heat loss Q, of a single zone at uniform inter-
nal temperature is:

0,=Hp, (©,-©, 241, kWha, Q)

Table 1. Permissible heat demand for the space heating of a dwelling house

Limit value Derivative values
Total of specific
No Description atrl::tc:ﬁz heatF;osses, Limit value of annual heat demand
Hze, WIK kWh/mZ.a kWh/m’.a
. 60 95 163 65
! | One-floor family houses
120 190 163 65
, | One-two floor (incl. mansard) family 100 130 133 52,2
house 250 310 128 50,2
3 One-three floor (incl. mansard), of 180 210 120 47,0
complicated shape family houses 400 470 121 475
250 270 111 43,6
4 | Two-floor attached houses 550 570 108 423
. 500 470 96,8 38,0
5 | 3-4 floor dwelling houses 1800 1450 82.9 325
. 1500 1200 824 32,3
6 | S-floor dwelling houses 2000 2750 703 276
. 2500 1900 78,2 30,3
7 | 9-floor tower shape dwelling houses 5000 3200 65.9 25.8
. More
8 | 5-12 floor dwelling houses 5000 0,6 A, 61,8 24,2
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where: ©, is the internal set-point temperature, °C,
©,=20°C;

O, is the average external temperature during the
calculation period, °C, @e = 0,5 °C;

t is the duration of the calculation period, t = 220
days;

H_, is the specific transmission heat loss coefficient
of the building, W/K.

The heat loss coefficient of the building

H = Hpy+H, 3

where: H,, — the ventilation specific heat loss coefficient,
W/K.

Ventilation loss

For comfort and hygienic reasons a minimum venti-
lation rate is needed when the building is occupied. This
minimum ventilation rate should be determined on the
basis of national requirements, taking into account the
building type and the pattern of occupancy for the build-
ing. The recommended value for dwellings is:

n_.=05h"

On the other hand, hygienic requirements demand
minimum of exhausted air from polluting spaces: kitchen
— 72 m*/h, bathroom — 54 m*h and WC - 36 m*h [14].
Therefore total ventilation rate shall be determined as
the greater of the minimum ventilation rate L, and de-
sign ventilation rate L ,.

Total L, , from polluting spaces equals 162 m’/h.
Mechanical ventilation is not permanently in use, there-
fore real air change rate in new housing is less. Value of
additional uncontrolled air infiltration is recommended
equal to 0,2 h™!, then resulting air change rate is assumed
0,7h"! and heat losses for heating of ventilation year are
67 kWh/m?.a (20 kWh/m?.a in the case of exhausted air
heat utilisation).

Heat consumption for hot water
Values of heat consumption for domestic hot water
supply are given bellow in Table 2. Specific heat con-
sumption depends very much on heated area per person,
m?/pers. behaviour of inhabitants hot water heat losses.
Mean real value of hot water consumption in
Lithuania fluctuates in the limits of 30-50 liters/pers. day,

Table 2. Heat consumption for domestic hot water supply

mean actual useful area is 25 m?%/pers (flat area plus
common use staircases, halls, etc.), then design values
for the domestic hot water heat consumption are accepted
40 I/pers. day and 25 m?%/pers.

Annual heat consumption is equal to:

Q = g*51,17*365/10004, kWh/m?.a,

where 51,17 kWh/m® of water is the officially accepted
amount of energy for domestic water heating.

Solar gains

Part of solar radiation is excessive. If the building
is better insulated or outdoor temperature is higher, then
more solar radiation becomes excessive. Thus there is
no common single numerical value of real solar gains
for all cases. Mean value of solar radiation on the verti-
cal surface during the heating season (months: Oct, Nov,
Dec, Jan, Feb, Mar and Apr ) is 4,04 MJ/m?day in
Lithuania (Kaunas) or 46,7 W/m? [15]. Solar gains cal-
culated with assumption that double glazed windows of
3—4 floors building (label A) are with light white cur-
tains and windows area/floor area ratio equals 0,18, gives
result 5,1 W/m? floor (26,9 kWh/m?a).

Internal heat gains

Internal heat gains recommended by LST EN 832
are equal to 5 W/m? STR 2.09.04 [16] gives the values
of internal gains in residential houses presented below:
lighting — 3 W/m?,
domestic devices — 2,7 W/m?,
inhabitants — 2,8 W/m?, or total 8,5 W/m? (45 kWh/m?.a).

Resulting value of internal heat gains is 8,5 W/m?
or annually 45 kWh/m?.a. This figure seems to be too
exaggerated — the transmission heat losses of a multiflat
building are of the same range.

Taking into account the duration of various month
artificial lighting, day absence of tenants and the area of
common spaces more reliable value is 5 W/m? (24 kWh/
m2.a.).

5. Results

The results of standard year annual heat consump-
tion calculation are given in Tables 3, 4. Annual heat
losses for heating and ventilation are not defined for the

Hot water consumption Heatzed area, Annual heat consumption, Specific heat consumption
per person, g, l/day A, m“/person kWh/pers.a g CWh/m® a 7 KWh/m® 2

20 28,0 10,6

30 25 560 224 8,5
30 18,7 7,1
20 373 14,2

40 25 749 30,0 11,3
30 249 9.4
20 46,7 17,6

50 25 933 37.3 14,1
30 31,1 11,6
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Table 3. Annual heat losses for heating and ventilation, kWh/m?-a

. Building description, number of floors
Corresponding
Label .
Regulation 13 3 ; ’

: 1-2 compl. shape | attached | 34 | 3 6-9 >10

A Total heat demand _ _ _ _ o R _ _
is limited ! |

B STR2.05.01:1999 182 | 149 139 128 109 95 | 91 81
C RSN143-92** 212 | 185 178* 170* 157 143 130 120
D - 272 | 245 240 220 | 210 | 195 165 155
E Soviet** 384 | 350 333% 315« 0 282 | 251 | 229 | 197

Note: * interpolated
** source: National Programme, 1996 [6].

Table 4. Total annual heat demand, kWh/m?-a (space heating, ventilation, domestic hot water, internal and solar heat gains

included)
Domestic hot water l 1-3, 2 6 and
Label excl/incl ! -2 compl. shape attached 34 3 more
A Excluding DHW 113 84 71 54 40 32 31
Including DHW 139 110 97 : 80 66 58 57
B Excluding DHW 130 97 82 62 46 37 35
Including DHW 160 - 127 112 L 92 76 67 65
C Excluding DHW 162 133 126 i 118 105 91 78
Including DHW 192 163 156 i 148 135 121 108
D Excluding DHW 220 193 188 i 178 158 143 i 113
Including DHW 250 223 218 1 208 188 173 J 143
!
E Excluding DHW 348 314 297 } 279 246 215 193
Including DHW 378 344 | 327 | 309 276 245 223

level A. These buildings are decided to have total heat
consumption 15 % less than level B. Recalculated val-
ues of level A total heat consumption are given in Table 4.

Table 4 contains values of annual heat consumption
to maintain normal microlimatic conditions (heating, ven-
tilation, domestic hot water minus internal and solar
gains). Table 4 can serve as the first approximation de-
fining annual heat demand labels.

The well-known figure of 70 kWh/mZ.a of year heat
consumption is valid for the mild climate of W. Euro-
pean countries, it does not reflect the rigour of a climate
Therefore the proposed annual heat consumption levels
only in a few cases are below this value.

For energy conservation measures that are not in-
cluded in the energy consumption calculation method but
are already implemented in the building, in the label a
certain amount of points are awarded. These points rep-
resent the energy amount that has been saved or the level
of increased inside comfort. The points system can also
be used to stimulate certain measures by giving them an
extra reward. The most suitable point system for
Lithuanian housing seems to be based on approximation
in percentage to the higher level of energy efficiency.
For example, implementation of individual measuring of
heat consumption saves 29 kWh/m?K in D level one floor
building (difference between C and D levels is 58 kWh/
m?K). This would mean that the individual measuring
would bring the label D up to the label DSO0.

For new buildings, only one energy consumption
calculation should be carried out and a table with rec-
ommendations for improvements rewarded with points
should be given.

6. Discussion

The objective of EPC is to assess the total energy
efficiency of a building and to provide information on
possible energy efficiency improvements by heat con-
sumption indicators.

Based on the current situation in Lithuania, EPC in
Lithuania will mainly serve as an information and aware-
ness tool. The certificate will serve as a reward to those
homeowners (associations) that have taken energy effi-
ciency measures. Experience with the Energy Efficiency
Housing Pilot Project indicates that this has a positive
influence on real estate values [17].

It is expected that the auditing and certification will
be carried out by officially-approved (and possibly inde-
pendent) experts and enterprises.

Costs should be kept as low as possible. The com-
bination with the Building Passport is proposed, thus
achieving an efficiency advantage [18].

Expected number of residential houses that could
be reckoned to various levels of energy efficiency de-
pends on heated area. Data charts of Kaunas housing
stock allow rough estimation of the number of buildings
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corresponding to energy efficiency labels [19]:

small houses (up to 500 m?) —

label A — 20 %, B - 12 %, C — 14 %, D — 13 %,
E - 23 %, poor non-classified — 18 %,;

multiflat houses (1000 — 6000 m?) —

label A -3 %,B-4%,C-6%,D-39%,E-
31 %, poor non-classified — 17 %.

Energy consumption in residential houses trends to di-
minish, peak of energy consumption curve has shifted from
E label to D during the last 1997-2000 years. This tendency
is welcomed although it took place not only thanks to en-
ergy saving measures but at the expense of tenants health
when normal temperature is not being kept in buildings, the
last case is especially characteristic of family houses.

7. Conclusions

1. In the European Union, EPC is regarded as a
promising measure to increase energy efficiency in build-
ings. Within the framework of accession, Lithuania will
have to comply with the requirements of the Save Direc-
tive and other EU legislation that require Member States
to draw up programmes on energy performance certifi-
cation. The method of energy performance efficiency
calculation is proposed.

2. For Lithuania, the EPC indicators through label-
ling will mainly serve as an information and awareness
tool. Given the current status of the building stock, stimu-
lating building maintenance is regarded very important
by the Lithuanian government, and therefore the EPC is
linked to programmes on building maintenance.

3. There are proposed concrete values of annual heat
consumption as energy efficiency indicators.
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