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Isitma, havalandirma ve klima sectorii igerisinde toprak kaynakli 1s1 pompalart (TKIP), ekono-
mik olusu ve diisiik karbonlu enerji saglamasi yoniiyle global enerji biit¢esinde dikkatleri ¢ek-
mektedir. Bu ¢alismada s1g olarak dikey, yatay ve alisilmadik derinlikte (300 m) dikey dizayn
edilmis TKIP’nin performanslari degerlendirilmis ve geleneksel dogal gaz kaynakli 1sitma
ve sogutma sistemiyle karsilastirilmistir. TKIP’da enerji verimliligi (performansi) performans
katsayisiy1 (COP) ile ifade edilir. Performans katsayis1 yerden elde edilen 1s1 enerjisinin siste-
mi ¢alistirmak i¢in harcanan energiye oranidir. Bu deger genellikle 3 ile 4 arasindadir, baska
bir ifadeyle %300 ile %400 oraninda enerji verimine denk gelmektetir ki, bu da TKIP nin
%100 enerji verim limitine dayanan geleneksel sistemlerden ¢ok daha etkili oldugunu gosterir.

Bu ¢alismada TKIP’nin sera gazi emisyonu kapsamli bir sekilde “besikten mezara” yasam
dongiisii analizinin uygulandigi SimaPro programi kullanilarak degerlendirilmistir. Wiscon-
sin, ABD’de %35.5 oraninda yenilenebilir elektrik sebekesi kullanan 186 m? lik bir konut i¢in
gerekli 1sitma/sogutma yiikleriyle birlikte sistemin performans etki katsayisi 4 olarak kabul
edildiginde TKIP sisteminin 25 yil boyunca 272 metrik ton CO,’e esdeger oranda emisyonu
hesaplanmistir. Bu emisyona en¢ok neden olan agamalar sirasiyla; yeraltindaki 1s1 doniistiirii-
ctileri (esanjorler) (%93), sondaj (2.4%) ve 1s1 tastyan akiskanin pompalanmasi (%]1.5) olarak
belirlenmistir. Bu oranlar tek fakat derin (300 m) olan TKIP’larinin sera gazi emisyonunu
dikey konumlu TKIP gore %10 ve yatay konumlu TKIP gore %19 oraninda azaltmistir. Diger
geleneksel 1sitma ve sogutma sistemiyle kiyaslandiginda ise sera gazi etkisi %27 oraninda
daha aza indirgenmistir. Duyarlilik analizi gétermistirki, TKIP fosil kaynaklarin kullanimini
azaltmakta ve bu sayede daha temiz sebekeler ile ¢cevreye yayilan sera gazi etkisini azaltmak-
tadir. TKIP nin performans etki katsayis1 arttik¢a sera gazi emisyonun %38 oraninda azalmasi,
TKIP’larinin performans etki katsayisinin, ¢cevreye etki acisindan degerlendirildiginde, kritik
bir parametre oldugu gosterilmistir.

Anahtar Kelimeler: Jeotermal toprak kaynakli 1s1 pompalari, yasam dongiisii analizi, sera
gaz1 emisyonu, performans etki katsayist
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ABSTRACT

Within the heating, ventilation, and air conditioning (HVAC) sectors, ground coupled heat
pumps (GCHPs) offer a potentially economical, low-carbon energy approach to lowering of
the global energy budget.

This study investigates the performance of a conventional vertical GCHP configuration with
three boreholes (VERT), a conventional horizontal GCHP (HORZ), an unconventionally deep
(300 m) single borehole GCHP (SING) system, and a conventional split natural gas air condi-
tioning unit (NGAC). In GCHPs and any typical refrigeration system, energy efficiency is me-
asured by the coefficient of performance (COP). The COP is the ratio of useful energy, which is
a system’s output energy to its input energy use to run the system. Conventional GCHPs have a
COP of 3 to 4 (i.e., an efficiency of 300% to 400%,), far greater than the theoretical 100% limit
for other sources of HVAC. This study compares potential for reduced greenhouse gas (GHG)
emissions via the GCHP systems in Wisconsin, USA, using a comprehensive “cradle-to-gra-
ve” life-cycle analysis (LCA), which is implemented using SimaPro. Assuming the current Wis-
consin electrical grid of 5.5% renewables, heating and cooling loads of a 186 m? residence,
a coefficient of performance (COP) of 4 and a 25-year lifetime, an average of 272 metric ton
CO, equivalent emissions is calculated for SING. Top contributors are heat-exchanger opera-
tion (93.3%), borehole drilling (2.4%), and circulation pump operation (1.5%). This amounts
to GHG emissions savings of 10% and 19% over VERT and HORZ GCHPs, respectively, and
27% over NGAC. Sensitivity analyses determine that a grid with renewables penetration of
50% could save 68% GHG emissions over natural gas. As the use of fossil fuel decreases and
the grid becomes cleaner, GCHP systems become even more beneficial from the perspective of
lifetime GHG emissions. A COP of 5 could further reduce GHG emissions by 38%, indicating

that the COP is a significant factor of GCHP environmental impacts.
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