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Renewable energies have an important role in providing energy demands and
reducing environmental damages due to the fossil fuel consumption. Among the
commercialized sources of renewable energies, the importance of geothermal resources
1s rising worldwide. Among direct utilizations of geothermal energy, Ground Source
Heat Pumps (GSHPs) are a rapidly growing usage of geothermal energy, accounting for
70% of the installed capacity of direct geothermal energy use in 2015 worldwide.
However, this technology is not as popular as other renewable energies in Japan due to
the high drilling costs. New technologies are focused on possible opportunities to
improve the GSHP system performance and make it competitive with conventional
heating and cooling systems. The objective of this study is to investigate the effect of
water pumping and injection on the convective heat transfer in Ground Heat
Exchangers (GHEs).

At the first step of this study, the effect of water pumping and injection in Thermal
Response Tests (TRTs) was investigated. In this step, nine sets of TRTs were performed
with different rates of water injection or pumping and different injecting water
temperature on a GHE drilled in the campus of Akita University, Japan. Results of

TRTs showed that with increasing water injection and pumping rate, the average



Akita University

temperature of heat medium decreased. For example, the average of heat medium
temperature for TRT without injection or pumping was 3.8°C higher than TRT with 15
L/min water injection after 48 hours of heating. The GHE was modeled using a
numerical simulator and the outlet water temperature and the ground temperature
recovery were history-matched based on the TRT data. Then, sensitivity analyses were
carried out to investigate the effects of injecting or pumping of water with different
rates and different inlet temperatures and also different natural groundwater velocities.
Results of experiments and simulations showed that heat exchange rate between
ground and GHE increased significantly by applying water injection or pumping inside
the GHE.

In the next step of this study, a new semi-open loop GSHP system was introduced
that consists of two ungrouted GHEs. In order to increase the heat transfer rate of
GHESs, groundwater is pumped from one GHE and is injected to the other one using a
water pump. The GHE length is 60 m each and this system could meet the heating
and cooling demands of 3 rooms in Akita University campus with total area of 100
m2. TRTs were performed on each GHE individually. Results of the calculation
showed a high effective thermal conductivity and fast temperature recovery, revealing
the possibility for fast groundwater flow in the formation.

Following TRTs, the effect of water-pumping and injection on the system
performance was evaluated in heating and cooling field tests on the GSHP system.
Water pumping and injection could increase COP by up to 7%. The SCOP
enhancement was limited due to the presence of fast natural groundwater flow in the
formation. A numerical model was constructed and was validated by experimental
data. The system performance under different groundwater velocities and operating
conditions was evaluated in a sensitivity analyses. The results of field tests and
sensitivity analysis showed that water pumping and injection, especially in formations
with slow groundwater flow, has significant effect in enhancing the system
performance enhancement and also in increasing GHE heat transfer capacity. In the
formations with fast natural groundwater flow, the effect of water pumping and
injection on COP enhancement was limited to 12%. But in the absence of groundwater
flow, this parameter could increase up to 40%-100%, for heating and cooling
operations. Sensitivity studies were also carried out to evaluate the effect of GHE
spacing on system thermal performance. Results of the numerical simulation showed
that 5 m distance between GHESs can guarantee a limited thermal interference between
the GHEs.

The economic study of semi-open loop GSHP system is the last step of the research.
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A sample building, which was built on a ground having a similar condition to the
experimental condition, was considered and the hourly heating and cooling loads based
on the Akita city’s climate were calculated and applied in the simulation. The validated
numerical model was used to calculate the necessary GHE length in the absence of
natural groundwater flow, with and without water pumping and injection. This process
was repeated for the formation with slow groundwater flow. According to the economic
parameters in Japan such as annual inflation rate and interest rate, the final saving of
semi-open loop GSHP system was calculated considering the parameters including
drilling costs, heat pump and distribution system costs, water pumping and injection
system costs, labor and piping costs. Results of economic analysis showed that
semi-open loop GSHP system is more economical in comparison with normal GSHP
systems, though the merit depends on groundwater velocities. The results of economic
analysis showed the important effect of water pumping and injection on drilling cost
reduction, especially in slow groundwater flow condition. Drilling cost could be
reduced averagely around 65%, which is very important in the countries with high
drilling cost like Japan. Considering the costs of water pumping and injection in GSHP
system, semi-open loop technology was estimated to reduce system cost around
22%-36% in different scenarios. As the conclusion, the introduction of the semi-open
loop system is considered to be the promising solution in improving the performance of
GSHP systems and its economic feasibility as a renewable and efficient heating and
cooling technology.
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