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Single family house: Heat Pump or Gas Boiler?

—
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The article deals with the investigation of Heat Pump and Gas Boiler Sys-
tems both installed in the same single family house. The measurement and
registration of systems operational data during three heating seasons gave a

possibility to calculate the running costs and to compare the systems from
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an economic point of view.
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INTRODUCTION

In Lithuania investigations of heat pump applications
were initiated at the Lithuanian Energy Institute. Thermal
and hydrodynamic experimental data and their analysis
are presented in the monograph [1] and other publica-
tions [2-9].

Ground Source Heat Pumps (GSHP) are a modern tech-
nology for heating and cooling of buildings. They make use
of geothermal energy (the heat stored beneath the earth
surface) almost anywhere throughout Europe.

In such countries like Sweden, Switzerland, France, Ger-
many, Austria, GSHP are already a routine option for resi-
dential houses. In the countries of East Europe - Lithuania,
Latvia, Estonia - now GSHP market development shows
evident growth rates (in Lithuania the installed capacity
increased 10 times in the period from 2004 to 2009 - from
2.88 MW to 31.2 MW), but the society is still faced with
lack of information, especially from an economic point of
view.

So, the aim of this study is to compare the Heat Pump
System with the Gas Boiler System both installed in the
same single family house.

INSTALLATION FOR INVESTIGATIONS AND
METHODOLOGY

The heat pump allows transformation of heat from a lower
temperature level to a higher one, by using external ener-
gy (e. g to drive a compressor). Ground Source Heat Pump
Systems consist of three main components: ground side,
heat pump itself, and building side.

The Heat Pump (heating capacity — 13.0 kW, pow-
er — 2.6 kW, refrigerant — R407C) and Gas Boiler (capac-
ity — 24 kW) were installed for heating purposes and in-
vestigations in a single family house (180 m?) located in a
suburb of Kaunas, Kaunas Region, Lithuania (Fig. 1). The
main component of the ground side of the GSHP System is
a heat collector. The installed collector consists of 8 loops
made from plastic pipes (polythene PA, D32x3).

Inside the loops we have a mixture of water and anti-
freeze liquid (approx. 400 litres) the freezing temperature of
which is =12 °C. The flow resistance Ap in the soil collector
was calculated by Ap = A\qv’l/2d , .(N/m?*) where \ = 0.316/
Re®*.For the heat collector the top earth layer was removed,
the pipes were laid (in the depth of 1.8 meters), and the soil
(loam) was distributed back over the pipes.
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Fig. 1. The heating scheme with two systems — Heat Pump and Gas Boiler
(7—heat pump, 2 — temperature meter, 3 — water flow meter, 4 — horizon-
tal ground heat exchanger, 5 — gas boiler, 6 — floor heating, 7 —fan coil)

The main component of the building side of the Heat
Pump System is also a heat exchanger which consists of
tubes (diameter 12 mm, temperature 25-30 °C) installed
in the floor and covered by concrete and tiles. The pres-
sure inside the soil collector and inside the floor heating
system was 0.8-1.25 bar. Indoor temperature during the
heating season was kept 18-22 °C, and the outside tem-
perature in the heating season changes from -10 °C up
to +12 °C.

When the Heat Pump was in operation, the Gas Boiler
was switched off and vice versa. A fan coil may be used, in
case of need, to raise indoor temperature in a short time.

The measurement and registration once per 24 hours
of temperatures (of water flows in loops, also indoor and
ambient), volumes (of water circulating (m*/h) and natural

gas used), pressures (in loops) and electricity consumption
gave a possibility to calculate the operating costs and the
coefficient of performance (COP) of the heat pump over the
heating season.

RESULTS

The house in Fig. 1 and the HP soil collector are shown for
more visualisation of the HP System only.

The changes of the ambient temperature and the soil
temperature from October 2007 to April 2008 are presented
in Fig. 2.

The average ambient temperature was —-4.64 °C. The
electricity consumption within the month of the HP was
732 kWh or 24 kWh per day. The COP was 3.95.

Table. Comparison of expenses of the Gas Boiler System and Heat Pump (HP) System

Operating cost per year

1st year | 2nd year | 3rd year | 4th year | 5thyear | 6th year | 7thyear | 8th year | 9th year |10thyear

Boiler investment

1100 EUR 48351

8570.2 123053 160404

197755 235106 27245.7 30980.8 347159 38451

HP investment

9372 EUR 98669

10361.8 10856.7 11351.6

11846.5 123414 12836.3 13331.2 13826.1 14321
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Fig. 2. The changes of soil and air temperature: a) from the start
of the heating season to 1 February, b) from 1 February to 1 April

When the heating season started, the temperature of the
soil was 12-13 °C, the lowest ambient temperature was from
minus 10 and the highest temperature was up to 12 °C.

The soil temperature goes down with the time because
the heat was constantly taken off from the soil.

The temperature decrease of the soil was not less than
0 °C. It shows that the soil and the fluid which is inside of
the pipes buried in the soil have no possibility to freeze.
When the Heat Pump for the weekend was switched off, the
room temperature went down from 20-22 °C to 15-17 °C
and the temperature of the soil went up to 1-2 °C. The Gas
Boiler consumed 24.46 m® of natural gas per day.

The calculations (carried out using the prices of the
natural gas, electricity and equipment of the year 2012)
show that the operation cost of the Heat Pump System
is 494.9 EUR/year and that of the Gas Boiler System is
3735.1 EUR/year.

The comparison of the foreseen expenses for every of
10-year exploitation (in case of the same operation cost
every year) of each system are separately presented in the
Table.

Installation costs. Private investment: the total cost of
the Heat Pump Heating System is 9 372 EUR; the total cost
of the Gas Boiler Heating System is 1100 EUR.
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Fig. 3. Costs of Gas Boiler and Heat Pump Systems operation (7 — gas boiler,
3.4 EUR/m?, 2 — gas boiler switched off for 68 hours per night, 2.8 EUR/m?
3 —heat pump, 0.885 EUR/m?)

In the first year we have a sum of investment and ope-
ration costs. During next years the expenses are rising due
to operation costs. The total expenses per 10 years for the
Gas Boiler System are 2.61 time higher than for the Heat
Pump System.

CONCLUSIONS

1. Heat Pump System is clean and easy to maintain.

2. The average COP was 3.95.

3.1f in the short run the Gas Boiler System seems more
financially attractive, in the long run (10 years) it requires
2.6 times higher expenses.

4.1t is possible to reduce considerably the expenses for
heating by switching off the boiler for 6-8 hours per night.
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INDIVIDUALUS GYVENAMASIS NAMAS: SILUMOS
SIURBLYS AR GAMTINIU DUJU KATILAS

Santrauka

Straipsnyje analizuojami $ilumos siurblio ir gamtiniy dujy katilo,
instaliuoty tame paciame name, eksploatacijos rezultatai. Pateiktas
zemés $iluma naudojancio Silumos siurblio sistemos aprasymas,
bendra pastato $ildymo sistemos schema.

Tyrimy laikotarpis - trys Sildymo sezonai, tadiau straipsny-
je pateikti vieno sezono (2007/2008 mety) tyrimo duomenys.
Temperatara, debitai, slégis, suvartota elektra buvo registruojama
kartg per 24 val.

Gauti rezultatai leido nustatyti $ilumos siurblio transformacijos
koeficientg (COP) - 3,95. Atlikti ekonominiai skai¢iavimai, remian-
tis 2012 m. kainomis.

Pateiktas $ilumos siurblio ir gamtiniy dujy sistemy kasty pa-
lyginimas 10 mety laikotarpiu. Nustatyta, jog pagal instaliavimo
kastus pigesnés gamtiniy dujy sistemos desimtmecio bendrosios is-
laidos yra 2,6 karto didesnés, palyginti su $ilumos siurblio sistemos
bendrosiomis desimtmecio i$laidomis.

RaktazodZiai: Zemés $iluma naudojantis Silumos siurblys, gam-
tiniy dujy katilo $ildymo sistema, gamtiniy dujy katilo ir $ilumos

siurblio sistemy kasty palyginimas
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VHIVUBUOYAJIBHBIN JKVTOM TOM: TEII/IOBOM
HACOC M/IN KOTEJI HA TA30BOM TOIIJIVBE

Pesrome

B cTaTbe aHaMM3MpPYeTCA pe3yIbTaThl SKCIUTyaTalM) TEIIOBOTO
Hacoca i KOT/Ia Ha TA30BOM TOIUIMBE — 002 CMOHTUPOBAHBI B TOM
xe pome. IIpescraBieHo ommcaHyue CUCTEMbI TEIZIOBOTO HACOCA,
HUCIIO/b3YIOLIErO TEIVIOTY 3eM/IN; IPEeCTaB/IeHa 001as CXeMa Tel-
JIOCHAOXKEHVS [loMa.

SKCHCPI/IMCHTI)I HpOBO,[[I/UII/ICI) B T€UECHUU TpéX OTOIIMUTE/NbHBIX
Ce30HOB. B cTaTbe mpepcTaBIeHbl JaHHBIE TONTBKO OJHOTO OTOIN-
TenbHOrO cesona 2007/2008 ropa. Temmeparypel, geOutel, AaB-
JIeHNUs, TIOTpebIeHNe MeKTPOIHEPTUM PETUCTPUPOBATINCH pa3 B
24 4qaca.

I[TonyyeHHble pe3y/MbTaThl HMO3BOMMIN YCTAHOBUTH K03u-
et Tpancopmanun tera (COP) remmoBoro Hacoca — 3,95.
OKOHOMIYECKIE PACUETHI TPOBEEHbI MCTIONb3YA IeHbl 2012 rofa.

[IpencTaBneHo cpaBHEHME CTOMMOCTH CUCTEM TET/IOBOTO Ha-
coca 11 KoT1a B TedeHyy 10 seT. YCTaHOB/IEHO, YTO € TOYKM 3peHMA
Pa3X0/I0B MHCTA/UISIUK O0TTee leleBas CICTeMa ra30BOro KOT/Ia
depe3 10 yeT SKCIUTyaTalmy HyXAaeTcs B 2,6 pasa 60/bIINX 00-
X QMHAHCOBBIX PACXOJ0B Y€M CHUCTEMA TEIIOBOTO HACOCA.

KnroueBble cmoBa: TeIIoBOil HACOC, MCIOMb3YIOUVIL TEIIO
3eMJIN, TEIUIOTA, OMTyYeHHas IIPY JICIIOIb30BAHNN TEIIOBOTO Ha-
€oca, CYCTeMa OTOIUIEHNA J0Ma KOT/IOM Ha I'a30BOM TOIINBE, CPAB-
HeHIe CTOMMOCTH CHMCTEM TEeIIOBOTO HAcOCa 1 KOT/IA Ha Ta30BOM

TOIJINBE



