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Abstract

District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the 
greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat
sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, 
prolonging the investment return period. 
The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand 
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district 
renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were 
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
The results showed that when only weather change is considered, the margin of error could be acceptable for some applications
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation 
scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). 
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the 
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and 
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the 
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and 
improve the accuracy of heat demand estimations.
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Abstract 

For more than five decades, geothermal heat pumps have been used to provide low grade geothermal energy for heating/cooling 
purposes. Though the geothermal energy of the earth is free, the heat pump in charge of upgrading the lower grade heat runs on 
relatively expensive electric power. Therefore, in short-and-long-term, the economic feasibility of each geothermal heating project 
is directly dependent on the balance between energy savings and energy costs; heat versus electricity. While energy savings are 
usually evaluated based on the heat flux provided on the resource side, the electricity consumption is significantly affected by the 
overall Coefficient of Performance of the heat pump. Also, an important factor affecting the operating costs and therefore the 
economic feasibility of a geothermal heat pump will be the price gap between heat and electricity. On another aspect, the economic 
feasibility of a geothermal heat pump system can drastically vary based on its site-specific requirements. In the absence of proper 
guidelines for analyzing the feasibility of geothermal heat pump systems, application of such systems may lead to huge financial 
risks. Therefore, there is a fundamental need for development of a comprehensive but simple engineering tool with which the 
feasibility of application of geothermal heat pump systems can be evaluated. The present study identifies non-dimensional 
parameters based on which the feasibility of a geothermal project can be effectively assessed. The selected set of parameters is then 
used to develop an economic model to quantify the economic indicators such as energy costs, savings, revenues and internal rates 
of return. Field data from a real-life engineering project is incorporated into the model to evaluate the techno-economic feasibility 
of this case. Based on the results of this study, geothermal heat pump applications are categorized into infeasible, weakly-feasible, 
fairly-feasible and strongly-feasible. 
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1. Introduction 

 Energy is fundamental for a well-functioning society and required not only in industrial environment but also in 
residential and social domains. Currently, most of the energy demands in these areas are supplied by non-renewable, 
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carbon emitting sources. According to Kalinci and her colleagues; although further studies have revealed that 
achievability of a complete transformation to renewable energy based society still remains challenging, the consensus 
of the majority of OECD (Organization for Economic Co-operation and Development) countries on implementation 
of sustainable energy driven applications, makes renewable energy systems more and more attractive [1]. In the light 
of this motive along with the extent of accumulated technological knowledge behind it and its abundance, geothermal 
energy stands out as a strong alternative during this change [2]. 

In their publication; experts of Statistics Canada [3] state that energy is vital for every dimension of Canadian 
society and they are as well reminding that; the energy usage is a requirement for many purposes i.e. heating, cooling 
and illumination yet it varies depending on diverse factors such as climate and size of the unit. Statistics Canada also 
claims in their study [4] that, although, appliances and other utilities make up a sizeable portion of a household’s 
energy usage, most of the energy utilization is due to heating and cooling purposes. Nowadays, thanks to those 
technological developments and their extensive availability, geothermal systems have become widely applicable with 
such an affordable manner, promising that it could take over the energy burden of small to large scale existing demands 
in the near future. That being said, the current state is not quite promising. According to their analysis in Households 
and the Environment: Energy Use, in 2011, some 1,425,185 TJ of energy was consumed by mainly in form of natural 
gas and electricity with an overall percentage of 45% and 38% respectively, while only 1.3% of the overall energy 
usage was from alternative sources [3]. Furthermore, examining the briefing made by the National Energy Board of 
Canada, it can be understood that only 14% of the energy consumption of Canada is residential [5] and there is a vast 
amount of potential to transform from existing energy norms into alternative energy, especially in industrial scale.  

Geothermal heat pump systems are standing alone as a heat recovery concept since the beginning of the 19th century 
and they also have been commercially available for more than five decades [6]. Their maturity helps them to stand out   
strong amongst the other technologies. Although, compared to other competing equipment, they come at higher initial 
investment costs accounted by their ground connection (i.e. cost of drilling, piping and/or excavation) and pumping 
units, they are offering quite low operating costs [6] in a very sustainable manner. Following model, takes wide variety 
of scenarios to represent economic viability of geothermal systems, including but not limited to; different fuel prices, 
equipment costs and carbon taxes. 
 
Nomenclature 

𝛼𝛼𝑒𝑒 Dollar amount per kW of electricity ($/kW) 
𝛼𝛼𝐻𝐻 Dollar amount per kW of non-renewable ($/kW) 
𝛽𝛽 Ratio between αe and αh (Dimensionless) 
COP Coefficient of performance (Dimensionless) 
c Specific heat of the geothermal source.  
𝛾𝛾 Savings ($) 
IRR Internal rate of return (Dimensionless)  
ṁg Ground source mass flow (kg/sec) 
ṁsys System mass flow (kg/sec) 
NPV Net present value ($) 
Q̇in Power (input) rate of the system (kWh) 
Q̇out  Power (output) rate of the system (kWh) 
Tg,in Inlet temperature (C˚) 
Tg,out Outlet temperature (C˚) 
Wnet Net power input of geothermal heat pump unit (kW) 
Wc Compressor power (kW) 
Wp Pump power (kW) 
Wnet Net power input (kW) 
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