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ENERGY RETROFITS OF SCHOOL BUILDINGS

Purpose. The evaluation of the structure of heat losses through the thermal envelope as well as
ventilation heat losses of a typical low energy performance school building and the selection of the most
effective energy retrofitting measures.

Methodology. The annual method according to 1SO 13790 was used to determine the space heating
demand of the building.

Findings. The research defines and virtually implements an intervention strategy, which
incorporates modification of ventilation system as well as upgrade of windows for the school building.

Scientific novelty. The structure of heat losses of the existing low energy performance school
building was determined and analyzed. On the basis of the analysis the relative energy retrofitting
approaches were proposed.

Practical value. The proposed energy retrofitting measures may be applied as the first retrofitting
steps in thermal modernization of school buildings stock in Ukraine.
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Introduction. Sustainability in the building sector is a concept that considers the impact of
the building with respect to the environment and energy generation and usage, but also considers
the well-being of the people living inside the building and the economic aspects.

According to the International Energy Agency, buildings are responsible for 32% of the total
final energy consumption and around 40% of the primary energy consumption in most of its
member countries.

The importance of these issues increases further when referred to school buildings, in which
the occupants are students/children pursuing a learning activity.

The issue of energy performance and energy management in public buildings has been the
subject of several significant publications. Many authors have carried out research addressing the
different aspects of improving energy efficiency in existing school buildings, considering also
issues related to the internal air quality: Butala and Novak [1], Santamouris et al. [2], Dimoudi and
Kosterala [3], Theodosiou and Ordoumpozanis [4], Becker, Goldberger and Paciuk [5], Butala,
Gricar, and Novak [6].

The problem of conservation of energy in existing buildings is of great importance for
Ukraine as well. The most part of the building stock is outdated [7]. A lot of school buildings,
especially located in rural areas, have very low thermal performance. The acuteness of the energy
supply problem for school buildings is related to such issues: 1) the low energy efficiency of the
most existing buildings and (2) insufficient budget financing of expenses.

So, it is important to evaluate the influence of heat losses through various building thermal
envelope components as well as ventilation heat losses on total heat losses and then select the most
efficient energy retrofitting measures.

The objectives of this study are as follows: 1) to evaluate the current thermal performance of
a typical school building with high energy consumption; 2) to assess the impact of the thermal
upgrade of windows and ventilation system on space heating energy consumption.
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Research results. The building under study is a 3-storey school building , located in Kyiv
(Ukraine) and built in 1960. The projected building footprint is 1453 m? (Fig. 1). The heated area is
3780 m?, and the heated volume is 13130 m®.

Fig. 1. The 3-storey school building constructed in 1960

The external walls of the building consist of interior plaster (20 mm) and brickwork (510
mm) with their corresponding U-value of 1,15 W/(m®K). The top floor ceiling is composed by a
concrete slab (220 mm) as well as a bed of gravel and its relative U-value is 0,544 W/m?K. The
floor on grade consists of such components: linoleum, sand-cement screed (40 mm), concrete slab
(300 mm). The corresponding U-value of it is 2,02 W/(m?K).  The windows have double glazing
in timber frames (Fig. 2). The U-value of the existing windows is 2,78 W/(m°K). The building
includes 7 exterior doors. The U-value of the doors is 2,65 W/(m’K). The ventilation type of the
school building foresees only window ventilation.

Fig. 2. The low energy windows of the school building
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Based on the above reported materials, the next phase of the study was the calculation of the
building energy losses and gains with the Passive House Planning Package (PHPP), the Excel
spreadsheet-based design tool. It calculates building components’ U-values, heating, cooling and
primary energy demand, ventilation rates for comfort as well as the risk of overheating in the
warmer season. Moreover, it compiles climate data from many locations worldwide, including Kyiv
(Ukraine).

For this study, the new PHPP 9 was used, which allows the direct comparison of different
variants, together with their economic evaluation.

As a first step, the thermal performance of the original school building was studied. The
annual heating demand of the existing school building determined with PHPP9 calculation tool is
139 kWh-m“a™,

The magnitudes of heat losses and heat gains of the existing school building are shown in
Table 1.

Table 1.

Heat losses and heat gains of the existing school building (before retrofitting)

Heat losses and heat gains
Annual values
The type of heat losses Annual values, per m? of
kWh/a treated floor
area kWh/a-m?
Transmission heat losses through
the building thermal envelope:
External walls 61279 16,21
Roof 68090 18,01
Floor slab 51288 15,57
Windows 240144 63,53
Exterior doors 17481 4,62
Ventilation heat losses 210528 55,7
Total heat losses 686914 181,7
Available solar heat gains 109342 28,9
Internal heat gains 53665 14,2
Total heat gains 162913 43,1
Annual heating demand 524001 139

The results of calculation showed in Table 1 indicate that the most significant heat losses are
that through windows as well as ventilation ones. So, it was decided to implement such innovative
technologies: to install mechanical ventilation system with heat recovery units (Fig. 3) as well as
modify windows using double low-E glazing in PH-frames with good thermal quality.
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Fig. 3. Heat recovery ventilation unit

The heat losses and heat gains of the retrofitted school building were evaluated using energy
balance calculation tool PHPP9.
The results of calculation are shown in Table 2.

Table 2.
Heat losses and heat gains of the school building (after retrofitting)
The type of heat losses Heat losses and heat gains
Transmission heat losses through Annual values per
building thermal envelope Annual values, | m? of treated floor
kWh/a area,
kWh/a-m’
External walls 61279 16,21
Roof 68090 18,01
Floor slab 51288 15,57
Windows 110230 29,6
Exterior doors 17481 4,62
Ventilation heat losses 75189 19,9
Total heat losses 421661 111,6
Available solar heat gains 90881 24
Internal heat gains 53665 14,2
Total heat gains 144096 38,1
Annual heating demand 277569 73

The results of energy balance calculation shown in Table 2 demonstrate that replacement
windows by more efficient ones and installing mechanical ventilation system with heat recovery
units allow to reduce the specific annual energy heating demand almost twice (from 139 to 73
kWh/a-m?).

Finally, a complete assessment should be made on the expenses of the upgrades and a cost-
benefit analysis of the investments over a long-term period.
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Conclusions.

1. The evaluation of the structure of heat losses through the thermal envelope as well as
ventilation heat losses of a typical low energy performance school building was carried out. It is
shown that the heat losses through windows as well as ventilation losses are the most significant
ones.

2. It was decided to implement such innovative technologies: to install mechanical
ventilation system with heat recovery units as well as modify windows using double low-E glazing
in PH-frames with good thermal quality.

4. The two energy retrofit measures allow to decrease the school building space heating
demand from 139 to 73 kWh/a-m? and may be used as the initial retrofitting steps in thermal

modernization of school buildings stock in Ukraine.
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SHEPTETUYECKAS MOJAEPHU3AIIMS 3JJAHUI IIIKOJI
KY3HELIOBA E.A.

Kuesckuii nayuonanvhsiil yHusepcumen mexnHoao2uil 4 Ou3atiia

Iens. Oyenumv cmpykmypy meniosux nomepv uepes GHeuHuUe 02padicoaioujue KOHCMpPYKyuu, a
MmaKdce  GEHMUNAYUOHHbIE MENI08ble HOMEpPU MUNo6o20 30aHUsl  WKOIblL,  UMeIoWe20  HUZKVIO
SHepeemuyeckylo  dggexmusHocmsb, a maxdice GvlOpamv  Haubonee IpdexmusHvle Mepvl O
MEPMOMOOEPHUZAYUU UWIKOTBL.

Memoouxka. /s onpedenenus nompedHocmell 8 menyiosoil dHepeuu Ha omonjieHue 30anus oviida
UCNONIL306aHA Memoouka, usnoxcennas ¢ UCO 13790.

Pesynvmamut. B uccredosanuu npeodnodicen u UPMyaibHo peaiu308an nooxoo, KOMopblli COCMOUm
8 MoouuKrayuu cucmemvl GeHMUIAYUU U 3AMeHe OKOH Ha HOGble CO CHMEKIONAKemamu c
HU3KOIMUCCUOHHBIM HOKDBLIUEM.

Hayunasn nosusna. bviia onpedenena u npoananu3uposana cmpykmypa meniogbix nomepb 30aHUs.
WKOLL  HU3KOU mennogou aggexmusnocmu. Ha ocnoge smoco amamuza Ovliu  NPeodnod’CceHbl
coomeemcmeyrouue apuanmsl 3HEP2OMOOEPHUZAYUL.

Ilpakmuueckaa 3nauumocms. llpeonodicennvle apuanmsi Mo2ym Obims UCHONIL30BAHL 8 KAYECTHEE
HAYAIbHO20 9MANA 8 NPOBEOCHUU IHEPLOMOOEPHUZAYUU 30AHUL WUKOT YKpauHbL.

Kniouesvie cnosa:. snepeemuyeckas mMooepHuzayusi;, 30aHusi ¢ HUZKUM NOmMpeONeHUuemM SHepeuu;
9Hepeemuyeckull OANaHc; 30aHUs WKOJL.

EHEPTETUYHA MOJEPHI3ALIA BY AIBEJIb IIKIJI
KY3HELOBA O.0.

Kuiscoruii nayionanvrutl ynisepcumem mexnonozit ma ousainy

Mema. Oyinumu cmpykmypy mMeniogux empam uepe3 306HIUHI 020POO0NCYBANbHI KOHCMPYKYIl, a
MAKOC BEHMUNAYINHI MeNna06i empamu mMunoeo2o OVOiGni WKOAU, WO MAE HU3bKY eHepeemuyny
eghexmusHicmb, a MaKodic UOpamu Hatloinbu epexmueni 3axo0u 051 eHepeemuyHoi MOOePHI3aYii WKOU.

Memoouxa. /[na eusnauenns nomped y menuogii enepeii na onanenns 6ydieni 6yna euxopucmaua
Mmemoouka, eukiaderna ¢ ICO 13790.

Pesynomamu. Y 0ocniodcenti 3anponoHo8ano i ipmyaibHo peanizo8anull nioxio, AKulli noiseac 6
Moougixayii cucmemu eHMUAAYILT Ma 3aMIHI GIKOH HA HOGI 3I CKIONAKEMAaMu 3 HU3bKOEMICIUHUM
NOKPUMMSIM.

Haykoesa nosusna. byna suznauena i npoananizogana CmpyKkmypa menioeux empam 0yoieni wkoau
3 HU3BKOI0 Mennogor eghekmuenicmio. Ha ocnosi yvbozco ananizy Oyau 3anpononosani 6i0n0sioni eapianmu
eHepeoMOOepHI3ayil.

Ilpakmuuna 3nauumicms. 3anpononosani eapianmu Mo*Cymv Oymu GUKOPUCMAHI 8 SAKOCMI
NOYAMK0B8020 emany 8 NPO8eOeHH i eHepeoMooepHizayii Oyodieens wiKin Yrpainu.

Knrouoei cnoea. ewnepeemuuna mooepHizayisn, 0y0ieni 3 HU3LKUM CHONCUBAHHAM eHepeii;
eHepeemuyHull banrauc, 6y0ieni WKin.
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