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The study presented in this article comes from the business venture of a
Ukrainian construction company to create buildings in Kiev with high energy
performance and at a competitive cost compared to the highly energy efficient
buildings throughout the area. As known, the political contingencies between
Russia and Ukraine are imposing a drastic reduction in the use of natural gas.
Moreover, Ukraine is a big producer of high quality wood at competitive
prices.

Based on these considerations, a study for the design of an NZEB
building was carried out, which uses raw material linked to the territory, that
is wood, thus eliminating the use of natural gas. Furthermore, this study
offers plant solutions suitable to cold climates.

The aim of this article is to show the valuable contribution given by the
dynamic energy simulation in order to calculate the variations in annual
energy consumption and operating costs of the studied building depending on
different building enclosures and system features.

The economic comparison between different solutions in terms of Life
Cycle Cost, over a period of twenty years has allowed us to identify the optimal
mix of technologies and materials and has oriented the investor decisions.

The goals achieved are relevant: elimination of the use of natural gas and
drastic reduction of CO: emissions due both to the low carbon footprint of the
used materials and to the use of renewable energy

1. INTRODUCTION

The work described in this article was carried out to assist a Ukrainian
company in constructing a NZEB in Kiev. The study compared two possible
design solutions: a traditional and an alternative.

Using the dynamic energy simulation, we calculated the savings based on the
expected usage modes. We also implemented in the model a photovoltaic system
for electricity generation in such a way to obtain an NZEB.

2. DESRIPTION OF THE MODEL

The building under construction is for residential use. The total air-
conditioned area is about 800 m?. The used constructive typology is a wooden
structure, well insulated (U=0,15W/m’K) with windows consisting of low
emission triple glazing and wood frame.

Based on the architectural concept, we created a numerical model of the
building, which reproduces the behavior under dynamic conditions of operation.



The numerical model was realized according to ASHRAE regulations; in
particular, we used The EnergyPlus calculation engine developed by the
Department of Energy of the United States of America. We created room use
profiles, based on the expected use of the building and the expected behavior of
the occupants, and we set an hourly weather file of Kiev.

To model the photovoltaic system, we used typical values of common
commercial products in polycrystalline silicon modules. The receiving surface is
equal to 90% of the total covered area. The cell efficiency is 14.2%, equivalent
to 16.7% less 15% to take into account the decrease in performance of the panel
over the years (25 years). The inverter efficiency is equal to 90%.

The first HVAC modeled configuration is a traditional type. It has a hot
water radiator system supplied by a gas-condensing boiler and a trial-split air
conditioner system for each apartment. There is no controlled mechanical
ventilation system. However, we fixed a minimum air exchange equal to
0,3vol/h necessary to ensure the thermo hygrometric comfort.

The second HVAC is a water-water heat pump system coupled with a
geothermal borehole exchange system (aka GSHP). To enable the heating and
the cooling of the rooms, we chose a chilled beam system with an average water
temperature of 17°C in cooling mode and an average water temperature of 35°C
in heating mode. This solution is possible by delegating the task to meet the
thermal load due to the envelope to the chilled beam and the thermal load due to
the ventilation of the mechanical ventilation system, which provides an air
exchange of 0,3vol/h. The system also provides a heat recovery of 70%. The
treated air reaches the beam at a temperature of 16°C in summer and of 20°C in
winter.

3. ANALYSIS OF THE RESULTS

The comparative evaluation between the two system types emphasized, as
expected, the elimination of the use of natural gas against an increase of
electricity consumption. We converted the fuel consumption due to the
kitchenette from gas to electricity induction with a conversion factor equal to
0,54 [1]. Table I shows the results of the simulation for the two cases; you can
see a saving of natural gas of about 34,4 MWh against an increase of electricity
consumption of about 6,3 MWh.

Table 1
Energy consumptions of the building in kWh
Use Energy Case 1 Case2 Diff.
Equipment | Electricity 8.682 11.730 +3.048
Equipment | Natural gas 5.644 0 -5.644
Lighting | Electricity 5.817 5.817 0
Fans Electricity 54 246 +192
Pumps Electricity 160 795 +635
Air-cond. | Natural gas | 28.710 0 -28.710
Air-cond. | Electricity 231 2.686 +2.455
Total Electricity 14.944 21.274 +6.330
Total Natural gas | 34.354 0 -34.354




In order to highlight the different behavior of the two HVAC systems,
Figure 1 and Figure 2 show the profiles of energy consumption during a typical
winter day for the two studied cases. You notice a drastic reduction in
consumption due to the use of GSHP system.
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Figure 1. Winter day, case 1 Figure 2 .Winter day, case 2

Once the electricity used was defined, we included in the model a
photovoltaic system for electricity production. We sized the system to meet the
whole electricity needs in a year. The simulation showed that 160 m? of
photovoltaic panels were sufficient to compensate for the electricity consumed
from the building, The electricity generation calculated with the energy
simulation is around 22,7MWh. In Figure 2, you can see the contribution in
terms of energy generated by the PV system.

3. ECONOMIC EVALUATION

The cost evaluation of HVAC systems was made based on a pre-sizing
according to the maximum needed thermal power obtained from the
calculations: 27 kW for the traditional system and 18 kW for the alternative one.
Recovery heat of mechanical ventilation reduces heat loses. Costs are
approximate, taken from list prices we requested from suppliers. A precise cost
can be estimated only as a result of an executive project:

— Cost of traditional HVAC system': 90.809€.
— Cost of alternative HVAC system 2 93.000€.

The cost of the alternative HVAC system is only 2.191€ higher than that
of the traditional system. In order to make a comparison between both systems,
we identified, through the simulation, the annual energy needs of the two
configurations, in terms of electricity and gas equal to 321€ (see Table II).

! Prices, including installation, taken from the list prices of building works in Italy.
2 Prices provided by estimates requested to Italian suppliers and installation firms.



Comparison of operating cost

Table 11

En. Cost En. Cost Total En.
(Gas) (Gas) (Elec.) (Elec.) Cost
[kWh] [€] [kWh] [€] [€]
Case 1 34354 | 1.271,1 | 14.944 | 2.244,60 | 3.512,70
0
Case 2 0 0,00 | 21.274 | 3.191,10 | 3.191,10
Diff. -321,60

For the definition of the costs (Table II), we considered the cost of
electricity and gas equal to 0,15 €/kWh and 0,4 €/m?® respectively, and the
conversion factor between thermal kWh and m? of gas equal to 10,81.

The NPV (Net Present Value) and the Pay Back Period calculation will
help the investor to choose the best solution. The analysis considered the
following aspects: cost of money, general inflation, and inflation of energy
products. However, given the political current Ukrainian instability, these
parameters fluctuate from day to day. Please note that the price of gas increased
by 280% and inflation by 106% in recent months. The cost of money currently
exceeds 25%. Using these values, we would get the following data over 10
years: Pay Back Period of three years, NPV of almost 275.000€.

Using the values that existed a few years ago, that is cost money of 15%,
general inflation of 7%, and inflation of energy products of 10, the investment
could be paid off in just six years. The NPV after 10 years would be positive and
equal to about 3.009€.

If we wanted to reach a NZEB configuration, it would be necessary to
produce on-site, via a PV system, an amount of electricity sufficient to meet the
total energy needs of the building which is equal to 21.274 kWh/year (annual
saving of 3.191€). The initial investment for installing the PV system is about
40.000€. The total investment is then of 42.191€ with annual savings of 3.191€.
Adopting the NZEB configuration, we would save 34.354 kWh of natural gas
consumption, that is 3.172 m?, and get a building with zero CO» emissions.

Using the values that existed a few years ago the investment is paid off in
9 years with a NPV of about 10.300 € after 10 year. If we used the current
economic Ukrainian parameters, the Pay Back Period would be of only 2 years.
So, we expect an intermediate value.

CONCLUSIONS

A NZEB drastically reduces the energy consumption for air conditioning.
In the studied situation, the efficient envelope, the window solar shading system,
the treatment of the air with heat recovery, and the use of the GSHP system lead
to a building energy consumption of only 5 kWh/year per m?. Consequently, the
electrical consumption due to lighting and equipment became preponderant,
coming to a total consumption of about 27 kWh/year per m?. The high
consumption of electricity can be met by a photovoltaic system. Today, given
the impressive trends in energy costs, interventions of energy efficiency are



much more cost effective and can offer a viable alternative of investment for the
economy of Ukraine.
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JANHAMMNYECKOE MOIEJINUPOBAHUE KNJIOI'O IOMA «HOJIb
SHEPI'MHW», KOTOPBINA MPEAIIOJATAETCSI IOCTPOUTH B
KHUEBE
Maypuyuo Jlanoonvgu, /lanusne /Ju /rrcoposrcuo

UccnenoBanue, npencTaBIeHHOE B 3TON CTaThe MOCBSAIICHO CO3JaHUIO B
KueBe 3manust BbICOKOM 3HEpreTH4eckoil 3(HEKTUBHOCTH U MO KOHKYPEHTHOM
[IEHe, T0 CpPaBHEHMIO C CYIIECTBYIOIIMMU 3AaHuMHu. Kak wu3BecTHO,
MOJINTUYECKHUE YCIOBHUS Mexay Poccueil m YkpaumHOM HaBsI3bIBAIOT PE3KOE
COKpAILlEHHE MCIOIb30BAHMS IPUPOAHOro ra3a. Ilpu 3ToM B YKpauHe umerorcs
KPYIIHbIE 3arachl BBICOKOKaYECTBEHHON JPEBECUHBI IO KOHKYPEHTOCIIOCOOHBIM
LEHaM.

Hcxonga u3 3THX cooOpa)k€HUM, OBUIO IMPOBEACHO MCCIEIO0BAHUE I10
pa3paboTke 31aHuil «Hyb d3Heprun» (NZEB) KoTOpbIe HUCMONB3YEeT B KaueCTBE
OCHOBHOI'O KOHCTPYKTMBHOI'O MaTepuajia JAEepeBO, TEM CaMbIM YCTpPaHSs
UCIIOJIb30BAaHUE MPUPOAHOrO ra3za MpH MPOU3BOJCTBE KOHCTpyKUui. Kpome
TOTO, 3TO HCCIEJOBAaHUE IMPEJIaraeT MCIOJIb30BAaHUE JPEBECHBIX IOPO/,
OPUTOAHBIX JJI XOJOJAHOIO KIMMAaTa.

Lenpto  3TOM  cTaTbu  SIBISETCA  WJUIIOCTPALMSl  BO3MOXKHOCTEH
JTUHAMUYECKOTO  MOJICJIUPOBAHMS JUIsl pacu€ra 3aBHCHUMOCTH TOJOBOTO
NOTpeOIeHUs] PHEPTUU U IKCIUTyaTAlMOHHBIX PAcXOJO0B M3y4aeMoro 37aHusi OT
WCIIOJIb30BAHUS PA3JIUYHBIX CTPOUTEIHHBIX KOHCTPYKIIMI U (PYHKITUN CUCTEMBI.

DKOHOMUYECKOE CpaBHEHUE MEKIY pa3iuyHbIMU penieHusMu B 20-
JIETHEM JKU3HEHHOM LUKJIEC 3[JaHUS MO3BOJIMJIO HAM ONPEIEIUTh ONTUMAJIBHOE
COYETaHNE TEXHOJOTUNA U MAaTEPUAJIOB U JaTh PEKOMEHAALMY HHBECTOPAM.

Ilenn, JOOCTUTHYThIE B pE3yJbTaTe HWCCIACAOBAHUS AKTyaJIbHbl —
yCTpaHEHHE UCIOIb30BaHUs MPUPOIHOTO ra3a U pe3K0e COKpalleHHe BEIOPOCOB
CO2 kak 3a CHYET HU3KOI'O YriIepodHOro cliefja UCIOIb3YEMbIX MATEpUAJIOB, TaK
Y UCIOJIb30BaHUSI BO30OHOBIIIEMBIX UICTOYHUKOB SHEPIHH.

JAAHAMIYHE MOAEJIOBAHHSA KUTJIOBOI'O BYIUHKY
«HYJIb EHEPT Ii», IKUH TEPEJBAYAETHCS ITOBYJIYBATH B
KHUEBI
Maypiuio Jlanoonwhi, /laniene /li /[>tcopoixrcio

JlocmimkeHHs, MpeACTaBiIeHe B Il CTaTTI MPUCBAYEHO CTBOPEHHIO B
KueBi OyniBiii BUCOKOI €HEPreTHYHOI €()eKTUBHOCTI 1 32 KOHKYPEHTHOIO I[1HOIO,
B TOPIBHAHHI 3 ICHYIOUMMH OyIiBIsSMU. SIK BiOMO, TOJITHMYHI YMOBU MIX
Pociero 1 YkpaiHoto HaB'I3yIOTh pi3K€ CKOPOYEHHSI BUKOPUCTAHHS MPUPOIHOrO
razy. Ilpyu upoMy B VYKpaiHi € BeIUKI 3amacd BUCOKOSKICHOI JEpPEBUHHU 3a
KOHKYPEHTOCTIPOMOXHUMH IIHAMH.

Buxoasuu 3 nux MipKyBaHb, OyJIO MPOBEACHO AOCHIIKEHHS 3 PO3poOI
OoyniBenb «Hydb eHeprii» (NZEB) siki BUKOpHUCTOBYIOTh B SIKOCTI OCHOBHOI'O
KOHCTPYKTUBHOTO Marepially JepeBO, TUM CaMHM YyCYBalOUd BUKOPHUCTAHHS



IPUPOJIHOTO Ta3y MpPU BUPOOHHUITBI KOHCTPYKIii. KpiM Toro, 1ie mocmimxeHHs
MIPOIIOHY€E BUKOPUCTAHHSI IEPEBHUX TOPIJl, MPUJATHUX JIJIS1 XOJIOIHOTO KIIIMATY.

Metoro 1€l  cTarTi € UIIOCTpallisl MOXJIMBOCTEM JUHAMIYHOTO
MOJICJTIOBAHHS ISl PO3PaxXyHKY 3aJIeKHOCTI PIYHOTO CIIOKMBAaHHS €HEPTrii Ta
eKCIUTyaTallliHuX BUTPAT JOCHIJ)KYBAaHOTO OyaiBil BlJ BUKOPUCTAHHS PI3HUX
OyIBEIbHUX KOHCTPYKIIIH 1 QyHKIIIH CHCTEMH.

ExoHoMiuHE MOpIBHSAHHS MK pI3HUMH pilieHHsIMH B 20-piyHOMY
KUTTEBOMY LMK OyiBI1 JO3BOJIMJIO HAM BU3HAYUTH ONTHUMAJIbHE MOEIHAHHS
TEXHOJIOTIH 1 MaTepialiB 1 JaTH PEKOMEH IaIlil IHBECTOPaM.

Metu, A0CSITHYTI B pe3yJbTaTi JOCHIKEHHS AaKTyallbHI — YCYHEHHS
BUKOPUCTAaHHSA TPUPOJHOTO Ta3y Ta pi3ke ckopodeHHs BukugiB CO; gk 3a
PaxyHOK HHU3BKOTO BYTJIEIEBOTO CIiAy BUKOPHUCTOBYBAaHUX MarepiajiB, Tak i
BUKOPHCTAHHS TOHOBJIIOBAHUX JKEPEJ CHEPTii.



