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Abstract:- Solar and geothermal energy are recognized 

for their good efficiency, safety, as well as ability to op-

erate regardless of the weather. One of several applica-

tions wherein straight utilization of geothermal and 

solar energy is used is geothermal and solar pumps, and 

advancement in the augmentation of these renewable 

energy sources is needed for future improvement in this 

sector. The findings revealed that solar energy is much 

more viable than geothermal resources because solar 

energy has a lower initial investment than geothermal 

energy. Furthermore, the solar system involves a low-

er payback period, which means it is considered the 

most preferable system for the same operational life. 

Also, the expenditure of the solar system is more secure 

than in the case of geothermal power. 
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gy, Operating Life, Geothermal HVAC System, Solar Sys-

tem. 
 

I. INTRODUCTION 
 

There have been significant changes in the interna-
tional energy sector, ranging from increased power to the 

expansion of renewable resources, as well as the generation 

of disturbance in the natural gas and oil markets. Govern-

ment policy choices will define the shape of the upcoming 

power system throughout all fuels and so all regions 

(Seger, 2016). International energy industry demand in-

creased by 2.2 percent in 2017, up from 1.2 percent a year 

ago year and above the ten-year average of 1.6 percent. The 

Organization for Economic Cooperation and Development 

(OECD), particularly the European Union, was the driving 

force behind this expansion. The usage of energy around 
the world is depicted in Figure 1 [15]. 

 

 
Fig. 1: The global energy consumption [15] 

 

 

 

According to [10], global energy demand is growing 

by one-third, yet two-thirds of the world's population in 

2040 will be nations with the overall energy use of less 

than 100 GJ per capita. emission from energy use has been 

expected to rise by over 10% by 2040, instead of declining 

significantly. 
 

The globe has also established carbon emission esti-

mates and plans, including reducing carbon emissions by 

around 45 percent by 2040, which is about midway to 

completely eliminating carbon emissions from energy con-

sumption [10]. 
 

 
Fig. 2: The demand for primary energy consumption[10] 

 

Despite the huge amount of energy created by the 

globe, collecting this energy is extremely difficult because 

of theconstant distribution of generated energy across the 

earth's surface. 

 

The geothermal energy accumulation has agreat con-
centration in certainareas, including the earth's tectonic 

plate boundaries. Tidal power is another renewable energy 

source, although it is also a restricted renewable energy 

supply. Despite the fact that the impact of global warming 

has increased significantly, and its effectsincluding the 

swift variations in air temperature that have also increased, 

no major steps have been done. Because global warming is 

having such a negative impact on our environment, a reme-

dy must be devised [13]. 
 

The efficacy of geothermal solar systems and HVAC 

adaption in residential buildings and their recent utilization 

in the United Kingdom, as well as developed countries, will 

be studied and discussed in this paper. Furthermore, this 

paper will also evaluate thegeothermal HVAC systems 

COP efficiency.Ahouse in Bradford that will be used as a 
case study in order to design geothermal and solar HVAC 

systems depending on calculating heating load. 
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II. LITERATURE REVIEW 
 

Fossil fuels usage is now considered a major concern 

due to its environmental effects and air pollution. The 

(IEA, 2016) observed that the warning and norms related to 

environmental protection have already increased since the 

consequences will affect the living quality and the patterns 
of energy consumption.  

 

 
Fig. 3: The changes in the energy demand, the global eco-

nomic output, and the energy-related CO2 emissions (IEA, 

2016) 
 

Figure 3 shows the IEA's preliminary estimation for 

global carbon dioxides emissions in 2015, in which flatten-

ing carbon dioxides levels are shown. Several data show 

that there is a relation between growth and carbon dioxide 

emissions [17]. According to [11], a considerable percent 

of the emissions greenhouse gases have resulted from 

buildings. Also, the usage of fossil fuels significantly in-

creases global warming, ecological consequences, and cli-
mate change. 

 

A. Determining the efficiency of Geothermal energy sys-

tems (HVAC Systems). 

Feasibly implementing geothermal energy is affected by 
some factors such as the system efficiency, resources, loca-

tion, discount rate, demand, and yearly load [23].  The 

GHE has a great influence on the cost, thus, the GHE must 

have a certain size in accordance with demands expecta-

tions and ancillary systems [2]. A comparison between the 

conventional HVAC system and the geothermal HVAC 

system is presented in Figure 4. 
 

 
Fig. 4:  A comparison between the conventional HVAC 

system and the geothermal HVAC system [5]. 
 

Figure 4 shows that if geothermal energy is used in 

conjunction with a heating and cooling system, the energy 
bill might be cut in half. There are no CO, CO2, or hydro-

carbon emissions in the atmosphere when geothermal sys-

tems are used [3]. Heat pump systems that use geothermal 

energy are among the most ecologically friendly, efficient, 

and cost-effective systems available. Approximately 70% 

of the energy consumed in a geothermal heat pump scheme 

comes from renewable sources on the ground. In compari-

son to gas and oil furnaces, geothermal systems are 48 per-

cent and 75 percent more efficient, respectively [21]. 
 

B. The Configuration of Solar Heat Pump System 

Solar heat pump systems, also known as SHPs, are sys-

tems that combine solar photovoltaic energy with heat 

pumps. Accordingly, the SHP system is a hybrid system. 

The collectors of solar thermal transfer the energy of the 

solar system into heat. Parallel and in series are the two 
main configurations for solar thermal collectors [6]. In 

terms of installation, design, and control, the parallel con-

figuration is considered simpler than the series configura-

tion. When radiation levels are high enough, is also more 

energy-efficient [12]. Covered or glazed solar thermal 

collectors, as well as uncovered or unglazed collectors, are 

categorized into two kinds. The covered collectors have 

two different types, namely, evacuated tubes and flat plate 

collectors. Collectors of flat plate type in tandem with a 

heat pump are the state of the art for domestic heating sys-

tems [4.]  
 

C. COP for Geothermal HVAC Systems) 

The rating of performance that gives a piece of infor-

mation about the effectiveness of heat pump and air condi-

tioner in transmitting heat compared to the amount of elec-

tricity used, is known as the Coefficient of Performance, 
COP. COP, on the other hand, informs us about how air 

conditioners or heat pumps perform this work by supplying 

the required power for the machine to transfer a specific 

amount of heat at a specific temperature [7]. 
 

A higher COP value means a more efficient heating 

system. The heat produced to electrical energy input ratio is 

referred to as a rating. In other words, it indicates the 

amount of home heating obtained based on the amount of 

electrical energy used by the system to calculate this heat. 

One significant distinction between COP and other effi-

ciency labels is that COP does not require labeling on resi-

dential HVAC equipment. However, minimum standards 

are established for geothermal or air-source heat pumps 

with capacities greater than 5 tons, as shown in Table 1. 
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Table 1: The lowest cop efficiency standards for geother-

mal heat pumps [1] 
 

Theoretically, the COP is a dimensionless rate be-

cause it associates and compares two factors of the same 

type. COP is a measurement of the amount of heat that a 

certain part of an HVAC machine is able to convey when 

given a specific amount of power or electrical contribution 

at a specific temperature. 
 

𝐶𝑂𝑃 =
𝑃𝑜𝑤𝑒𝑟 𝑜𝑢𝑡𝑝𝑢𝑡 (𝑤𝑎𝑡𝑡𝑎𝑔𝑒)

𝑃𝑜𝑤𝑒𝑟 𝑖𝑛𝑝𝑢𝑡 (𝑊𝑎𝑡𝑡𝑎𝑔𝑒)
                           𝐸𝑞. 1 

 

𝐶𝑂𝑃 =
𝑃𝑜𝑤𝑒𝑟 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 (

𝑃𝑇𝑈𝑠

𝐻𝑟
)

𝑃𝑜𝑤𝑒𝑟 𝑖𝑛𝑝𝑢𝑡 (𝑊𝑎𝑡𝑡𝑎𝑔𝑒)
                     𝐸𝑞. 2 

 

For the loop or the water pump that is tinier than 

needed, the exclusion or inclusion of heat might raise the 

ground temperature above the standard test requirement, 
causing overall performance to suffer. Heat pumps based 

on geothermal mechanisms can reduce the consumption of 

energy and, accordingly, air pollution emissions will be 

reduced [25]. 
 

III. METHODOLOGY 
 

A. Background 

This chapter is a method for evaluating the benefits and 
drawbacks of utilizingsolar and geothermal energy in 

HVAC heating systems in the United Kingdom. Also, an 

assessment of the solar and geothermal energy systems will 

be conducted in order to determine the best option regard-

ingcost, efficiency, as well as long-term viability. Then the 

obtained heating loads are used to create a sustainable en-

ergy model that will improve the house's energy efficiency. 
 

B. Case study 
 

 The selected house layout  

The house is built on a land area of 13 meters wide by 

15 meters long, with a constriction area of (12.7 m x 9 m), 

as can be seen in Figure 8. It is divided into two levels: the 

ground floor has two bedrooms and two bathrooms, as well 

as a reception area and adining room with no partitions, and 

the second floor has a roof deck and multi-purpose rooms. 

The selected house to be studied in this work is shown in 

Figure 5, and its plane overview is shown in Figure 6. 
  

 
Fig. 5: The studied house 

 

 
Fig. 6: The studied house plane 

 

 Zones 

The area of the studiedhouse was 196.3 m2 plot of 
land, with a construction area of 114.3 m2 and two floors. 

 

 The ground floor  

The ground floor has two bedrooms, two bathrooms, a 
reception area, and an open dining room without partitions. 

The ground floor of the studied house is divided into sever-

al zones, which are shown in Table 2. 
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Table 2:  The ground floor zones 

 

 The second floor 

The second floor involves a roof deck and a multi-

purpose room, and their area is provided in Table 3. 
 

 
Table 3: The second-floor zones 

 

 Temperatures 

For the last five years, Figure 10 represents the outside 

temperature (°C) in Bradford. The maximum temperature is 

shown in orange, the minimum temperature is shown in 

dark blue, and the average temperature is shown in blue. 

It's worth noting that the information was gathered from 

[20]. 

 

 
Fig. 7:The maximum, minimum, and average outside 

temperature in Bradford [20] 
 

 

C. HVAC calculations 

The HVAC system and its proper sizing begin with 
considering the heating and cooling loads. The values de-

termined by the calculation will guide the equipment selec-

tion and duct design to distribute the conditioned air in the 

house rooms. Calculations will have a significant effect on 

the costs of construction, as well as occupant comfort, op-

erating energy efficiency, building efficiency, and indoor 

air quality. The air distribution mechanism is being de-

signed to meet the expected cooling and heating loads of 

the entire residence. The term "right-sizing" refers to the 

process of selecting HVAC design and equipment. 
 

D. Load Calculation: 
 

 Heat transfer over opaque surfaces 

This is how heat is transferred properly. The rate of 

heat transfer thru an opaque surface, includingdoors, floor, 

walls, or roof is calculated as follows: 
 

𝑄𝑜𝑝𝑎𝑞𝑢𝑒 = 𝑈 × 𝐴 × 𝐶𝐿𝑇𝐷            𝐸𝑞. 3              
 

Where: 

 U represents the coefficient of the complete heat 

transfer. 

 A represents the surface heat transfer area on the 

accustomed space side. 

 CLTD represents the temperature modification of 

the cooling load. 
 

 Heat transfer over fenestration: 

Heat is transferred over the transparent surface like a 

window, by conduction due to a temperature difference 

between the heat transfer and the window, and by the solar 
radiation from the window. 

 

𝑄𝑡𝑟𝑎𝑢𝑠 = 𝐴𝑢𝑛𝑠ℎ𝑎𝑑𝑒𝑑 × 𝑆𝐻𝐺𝑓𝑚𝑎𝑥 × 𝑆𝐶 × 𝐶𝐿𝐹            𝐸𝑞. 4     
 

Where:  

 𝐴𝑢𝑛𝑠ℎ𝑎𝑑𝑒𝑑 represents the solar radiation-exposed 

area.  

 SHGF represents the factor of the maximum Solar 

Heat Gain.  

 SC represents the Shading Coefficient.  

 CLF represents the Factor of the Cooling Load. 
 

 Heat transfer by infiltration: 

Both latent and sensible components are present in 

heat transfer owing to penetration. Due to various penetra-

tion, the rate of sensible heat transference can be calculated 
by: 

 

𝑄𝑠𝑖𝑛𝑓(𝑇𝑜 − 𝑇𝑖) = 𝑣˳⍴˳𝐶𝑃(𝑇𝑜 − 𝑇𝑖)       𝐸𝑞. 5 
 

𝑄𝑙𝑖𝑛𝑓 = 𝑚˳ℎ𝑓𝑔(𝜔𝑜 − 𝜔𝑖) = 𝑣˳⍴˳ℎ𝑓𝑔(𝜔𝑜 − 𝜔𝑖) 𝐸𝑞. 6 
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 The method of infiltration rate by air change is: 

𝑉˳ = (𝐴𝐶𝐻).
𝑉

3600
             𝐸𝑞. 7                  

 

Where:  

 ACH represents the air changes’number per hour. 

 V representsthe conditioned space is the gross vol-

ume (m3). 
 

The latent and sensible heat internal cooling load 

components due to occupants are both presents: 
 

𝑄𝑆𝑜𝑐𝑐
= (𝑛𝑜 𝑜𝑓 𝑝𝑒𝑎𝑝𝑙𝑒) × (𝑠𝑒𝑛 ℎ𝑒𝑎𝑡 𝑔𝑎𝑖𝑛 𝑝𝑒𝑟 𝑝𝑒𝑟𝑠𝑜𝑛 ) × 𝐶𝐿𝐹   𝐸𝑞. 8 

𝑄𝑙𝑜𝑐𝑐

= (𝑛𝑜 𝑜𝑓 𝑝𝑒𝑎𝑝𝑙𝑒)
× (𝑙𝑒𝑡𝑒𝑛𝑡 ℎ𝑒𝑎𝑡 𝑔𝑎𝑖𝑛 𝑝𝑒𝑟 𝑝𝑒𝑟𝑠𝑜𝑛 )         𝐸𝑞. 9 

 

 Load due to lighting: 

The space that is conditioned receives more sensible 

heat as a result of lighting. Because the heat from the light-

ing system is transferred via both convection and radiation, 

the time lag is calculated using a cooling load factor. As a 
result, the following is a cooling load due to the lighting 

system: 
 

𝑄𝑆 = (𝑖𝑛𝑠𝑡𝑎𝑙𝑙𝑒𝑑 𝑤𝑎𝑡𝑡𝑒𝑔𝑒) × (𝑢𝑠𝑎𝑔𝑒 𝑓𝑎𝑐𝑡𝑜𝑟)
× (𝑏𝑎𝑙𝑙𝑎𝑠𝑡 𝑓𝑎𝑐𝑡𝑜𝑟) × 𝐶𝐿𝐹 𝐸𝑞. 10 

 For the fluorescent lights: the value of the ballast factor 

equals 1.25. 

 For the incandescent lamps: the value of the ballast factor 

equals 1.00. 

 For the incandescent lamps: the value of the ballast factor 

equals 1.00. 

 CLF: is an hours number function after turning on the 

lights. 
 

 Internal loads resulted fromappliances and equipment: 

The equipment and appliances in the conditioned space 

may add both latent and sensible loads. Convection and/or 

radiation, once again, maybe the sensible load. Internal 

sensible load resulting from theequipment and appliancesis 
calculated as follows: 

 

𝑄𝐿𝑎𝑝𝑝 = (𝑖𝑛𝑠𝑡𝑎𝑙𝑙𝑒𝑑 𝑤𝑎𝑡𝑡𝑎𝑔𝑒)

× (𝑙𝑎𝑡𝑒𝑛𝑡 ℎ𝑒𝑎𝑡 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛)      𝐸𝑞. 11 
 

𝑄𝑆𝑎𝑝𝑝 = (𝑖𝑛𝑠𝑡𝑎𝑙𝑙𝑒𝑑 𝑤𝑎𝑡𝑡𝑎𝑔𝑒) × (𝑢𝑠𝑎𝑔𝑒 𝑓𝑎𝑐𝑡𝑜𝑟)

× 𝐶𝐿𝐹       𝐸𝑞. 12 
 

Where:  

 Both the installed wattage and usage factordepend 

on tools or appliance sort.  

 CLF represents values availability in the tables 

forms in ASHARE handbooks. 
 

E. ASHRAE Standards 

ASHRAE standards serve as a reference point for per-

formance criteria as they evolve measurement and testing 

procedures. That demonstrates the HVAC industry's ac-

ceptable value. It is a set of rules and criteria for partici-

pants and engineers that is followed when designing and 

maintaining building environments, with an emphasis on 

construction systems, air quality, energy efficiency, sus-

tainability, as well as refrigeration. 
 

IV. GEOTHERMAL HVAC HEAT PUMP DESIGN 
 

A. Design methodology 

The following steps are involved in designing a geo-

thermal heating system: a) the heat load determination for 

the chosen home; b) determining the needed temperature of 

the pipe that meets the load; and c) estimating the depth, 

spacing, and size of the geothermal tubes. 
 

B. The temperature of the pipe 

The estimation of the lowest temperature of the surface 

of the system's pipes to meet the heating load of the house 

is calculated by the following equation [18]: 
 

𝑞

𝐴
= 0.472 [(

1.8 𝑇𝑝 + 492

100
)

4

− (
1.8 𝐴𝑈𝑆𝑇 + 492

100
)

4

]

+ 2.186 (𝑇𝑝 − 𝑇0)
1.32

 
 

Where:  

 𝑞 represents the house’s heating load (855.43 kW) 

 A represents the area of the floor (196.3 m2) 

 𝑇𝑝represents the temperature of geothermal pipes 

surface (°C) 

 𝐴𝑈𝑆𝑇 represents the average temperature of the 

house’s unheated surfaces (15 C) [18]. 

 𝑇0represents the temperature of the inside air temper-

ature (18.3°C) 
 

C. The temperature of the internal surface 

An equation was proposed by [9] to be used in deter-

mining the internal surface temperature (IST): 
 

𝐼𝑆𝑇 = 𝐼𝐷𝑇 − (0.0291 × 3.6 × 𝑈 × ∆𝑇) 
 

Where:  

 ISTrepresents the internal surface temperature. 

 IDT, represents the inside design temperature 

[60°C], assuming that there is no temperature degra-

dation through pipes, the IDT is considered equal to 

the surface temperature of the geothermal pipes (Tp).  

 U represents the coefficient of heat transfer losses 

[4.26 W/m2. °C] 

 ∆𝑇 represents the temperature difference outside and 

inside [10°C] according to [9]. 

 𝐼𝑆𝑇 = 60 − (0.0291 × 3.6 × 4.26 × 10) = 55.5 𝐶 
 

 Total tube length of a geothermal system 
According to [9], the total pipes’ length needed for 

heating the house is: 
 

𝐿 =  

𝑄 × ln [(8 (
𝐻

𝑑
)

2

− 1) + 4 (
𝐻

𝑑
) √4 (

𝐻

𝑑
)

2

− 1]

4𝜋 𝑘 (𝐿𝑀𝑇𝐷)
 

 

 𝑄 represents the heating load that is covered by geother-

mal source [W], 

 𝐿 represents the geothermal heating pipes total length 

[m], 
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 𝐻 represents the height between the pipe location in 

Earth and ground surface [50 m], 

 𝑑, represents the pipes outside diameter [0.05m] “as-

sumption”, 

 𝑘: Earths’ thermal conductivity [4.26 W/m°C], 

𝐿𝑀𝑇𝐷= Log-mean-temperature-difference [°C], which is 

calculated by the following equation:  
 

𝐿𝑀𝑇𝐷 =
𝑇𝑊,𝑖𝑛 − 𝑇𝑊,𝑜𝑢𝑡 

ln
𝑇𝑊,𝑖𝑛−𝑇𝑠

𝑇𝑊,𝑜𝑢𝑡−𝑇𝑠

 

Where:  

 𝑇𝑊,𝑖𝑛 , represents the temperature of the water inlet 

[110°C] to the geothermal system(assumption).  

 𝑇𝑊,𝑜𝑢𝑡 , represents the temperature of the water outlet 

[80°C] from the geothermal system (assumption). 

 𝑇𝑠represents the pipes’ surface temperature, also known 

as the floor temperature [60°C]  

 𝐿𝑀𝑇𝐷 =
110−80

ln
110−60

80−60

= 32.74°C 

 

By introducing the hybrid network, including geo-

thermal and boiler, to ensure that the designed heating sys-

tem is practical and reliable, the heat duty to and of the 

geothermal and the boiler, respectively, is used in deter-

mining the pipes' length Figure 8 shows the hybrid system 

design (the geothermal and boiler heat pump) 
 

 
Fig.8: The hybrid system design  

(the geothermal and boiler heat pump) 
 

 

 

 

 

 

Various percentages of heating load will be taken, 

and pipe lengths are calculated as follows: 
 

𝐿 =  

𝑄 × ln [(8 (
50

0.05
)

2

− 1) + 4 (
50

0.05
) √4 (

50

0.05
)

2

− 1]

4𝜋 (4.26) (32.74)
 

𝐿 =  

𝑄 × ln [(8 (
50

0.05
)

2

− 1) + 4 (
50

0.05
) √4 (

50

0.05
)

2

− 1]

4𝜋 (4.26) (32.74)
 

𝐿 =  9.46 × 10−3 𝑄 

Figure 9 shows the results. 

 
Fig. 9: Geothermal heating system optimization results at 

different percentages of the geothermal power participation 
 

Figure 9 shows that the total tube length must be in-
creased to increase the participation of geothermal power. 

The main factor, which enhance the transferring process of 

heat was the surface area increment. As a result, there is a 

direct correlation between power participation and tube 

length. Also, as the layout expands, the surface area (heat 

exchange area) increases, and both more geothermal power 

participation and geothermal power are generated.  
 

D. The Design of geothermal heat pump  

The working fluid amount (water) in the network, is 

calculated as follows: 
 

�̇� =
𝑄

𝐶𝑃  ∆𝑇
 

 

Where:  

 �̇�represents the water mass flow rate (kg/s) 

 𝑄 represents the systems’ heat duty (855.43 kW)  

 𝐶𝑃 represents the water-specific heat (4.182 kJ/kg.K) 

 ∆𝑇 represents the difference in temperature between 

the outlet and inlet water (30K) 

 �̇� =  
855.43

(4.382)(30)
= 6.51

𝑘𝑔

𝑠
 

 

The water volumetric flow rate can be calculated us-
ing the formula below: 

 

0
1000
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�̇� =
�̇�

𝜌
 

 

�̇� =
6.51

1000
= 0.00651

𝑚3

𝑠
 

 

The following equation gives the equation for a pump 

general design: 
 

The following is a formula for calculating the pump's 

head: 
 

𝑃1 +
1

2
𝜌 𝑢1

2 + 𝜌 𝑔 𝑧1 + ∆𝑃𝑝

=  𝑃2 +
1

2
𝜌 𝑢2

2 + 𝜌 𝑔 𝑧2 + ∆𝑃𝐿𝑜𝑠𝑠𝑒𝑠  

 

Where:  

 𝑃1 represents pump inlet pressure (Pa), 

 𝑃2 represents the geothermal pipe network pressure 

(Pa), 

 𝜌, represents water density at average temperature 

(kg/m3).  

 𝑔 represents the acceleration of gravity (9.81m/s2),  

 𝑢1 𝑎𝑛𝑑 𝑢2 represent water velocity inside the tube 

(m/s),  

 𝑧1 represents pump elevation (m), 

 𝑧2 represents geothermal network elevation (m),  

 ∆𝑃𝑝 represents pump differential pressure (Pa), 

 ∆ the process represents pressure losses resulting 

from minor and major losses (Pa).  
 

After simplification, the equation for designing a 

pump is: 
 

∆𝑃𝑝 = ∆𝑃𝐿𝑜𝑠𝑠𝑒𝑠  
 

The following formula can be used to calculate the 

pressure difference caused by losses in a pipe network: 
 

∆𝑃𝐿𝑜𝑠𝑠𝑒𝑠 =  ∆𝑃𝐿,𝑚𝑎𝑗𝑜𝑟 + ∆𝑃𝐿,𝑚𝑖𝑛𝑜𝑟  
 

∆𝑃𝐿𝑜𝑠𝑠𝑒𝑠 =  
𝑓𝑢2𝐿

2𝐷
+   

∑ 𝐾𝐿,𝑖 𝑢2

2
 

 

Where:  

 𝑓 represents dimensionless pipe friction factor that is 

estimated from Moody chart, knowing tube material 

relative roughness and Reynolds number. 

 𝐿 represents the total length of the geothermal tube 

(m). 

 𝐾𝐿,𝑖 , represents the dimensionless factor of minor 

losses that is presented for every single loss type. 
Only U- bend will be considered in this project. 

 𝐷 represents the tube's internal diameter (0.05m).  
 

The system’s working velocity can be calculated by: 
 

𝑢 =
4 �̇�

𝜋 𝐷2
 

 

 

 

Where:  
 

�̇�, represents water flow inside the network (0.00651 𝑚3/
𝑠).  

 

𝑢 =
4 (0.00651)

𝜋 (0.05)2
= 3.32 𝑚/𝑠 

 

The following formula is used for Reynolds number 

(Re) estimation: 
 

𝑅𝑒 =  
𝐷 𝑢 𝜌  

𝜇
 

 

Where:  
 

𝜇, represents the fluid dynamic viscosity (water) 

(8.90 × 10−4)Pa.s 
 

𝑅𝑒 =  
(0.05)(3.32)(1000)  

8.90 ×  10−4

= 1.865 × 105 (𝑇𝑢𝑟𝑏𝑢𝑙𝑎𝑛𝑡 𝑓𝑙𝑜𝑤) 
 

To reduce corrosion and improve heat transfer, cop-

per was chosen as the tube manufacturing material. The 

steel has a 0.0015-millimeter absolute roughness. Absolute 

roughness is divided by tube diameter to calculate relative 

roughness. As a result, the tube's relative roughness is: 
 

𝑒𝑟 =
𝑒

𝐷
=

0.0015

50
= 0.00003 

 

Based on both, friction factor and Reynolds number, 

the relative roughness can be estimated as follows: 
 

 
Fig. 10:Determining relative roughness for geothermal pipe 

network 
 

Each pipe (N) is assumed to have only two bends for 

minor losses. The following diagram depicts the energy 

losses due to major and minor losses: 
 

∆𝑃𝐿𝑜𝑠𝑠𝑒𝑠 =  
1.5 (3.32)2𝐿

2(0.05)
+   

(2𝑁𝑝)(0.35)(3.32)2

2
 

 

∆𝑃𝐿𝑜𝑠𝑠𝑒𝑠 =  
1.5 (3.32)2𝐿

2(0.05)
+   

(2𝑁𝑝)(0.35)(3.32)2

2
 

 

∆𝑃𝐿𝑜𝑠𝑠𝑒𝑠 =  165.3 𝐿 +   3.86 𝑁𝑝 
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The following is a simplified version of the pump 

equation: 
 

∆𝑃𝑝 = 165.3 𝐿 +   3.86 𝑁𝑝 
 

This equation can be used to estimate flow rate, head, 

and pump pressure. Table 4 shows the results. 
 

 
Table 4: The characteristics of the pump at different per-

centages of geothermal usage 
 

Due to the length of the tubes, Table 4 shows the 

pressure drop and pump head for each layout. The second 

pump, with a 20 percent geothermal power participation, is 

clearly the one that was chosen. The pressure difference, 
pump head, flow rate, installation cost, and running and 

maintenance costs are all important factors to consider 

when choosing a pump. 
 

Figure 11 depicts the Neptuno® pump's performance 
curve, which is appropriate for pumps 1 and 2. It should be 

noted that the manufacturer's specifications for Pump 1 are 

not met, whereas Pump 2 is available with a VPT 3000 rpm 

and a 146 mm impeller. The pump's efficiency is roughly 

60%. Pump 2 has a net positive suction head (NPSH) of 2.9 

m and consumes 2.9 kW (3.9 hp). 

 

 
Fig. 11: Neptuno® Vertical Turbine Pumps (VTP) – 3000 

rpm performance chart displaying a collection of two 

pumps, Pump 1 and 2 
 

The second pump is chosen due to the previously 

mentioned factors. Figure 11 shows a comparison between 
pump 1 and pump 2. The same rate of flow and net-

positive-suction-head (NPSH) is considered in this compar-

ison. The head graph shows the corresponding values for 

both pumps. Due to the head graph, no pump meets pump 1 

specifications, however, if one pump does, it is expected to 

have a propeller speed and a low efficiency. At the needed 

NPSH and rate of flow, Pump 2 matches to proper speed 

and efficiency. It has a 60% efficiency rating, a 146 mm 

propeller, and a 3000 rpm speed. 
 

V. THE DESIGN OF SOLAR HVAC SYSTEM 
 

A typical solar system HVAC heating structure is 

shown in Figure 12. 
 

 
Fig. 12: Typical solar heating system [16] 

 

A. The rate of water flow rate in the system 

The working wateramount in the system can be calcu-
lated depending on the following equation:  

 

�̇� =
𝑄

𝐶𝑃  ∆𝑇
 

 

Where:  

 𝑄 𝑟epresents the heat duty, and equals 855.43 kW,  

 𝐶𝑃 𝑟epresents the water-specific heat, and equals 

4.182 (kJ/kg.K),  

 �̇�refers to water mass flow rate (kg/s),  

 ∆𝑇 𝑟𝑒𝑝𝑟𝑒𝑠𝑒𝑛𝑡𝑠 𝐼nlet/Outlet water temperature differ-

ences and equals (30K). 
 

Therefore:  

�̇� =  
855.43

(4.382)(30)
 

�̇� = 6.51 𝑘𝑔/𝑠 

Now, the volumetric water flow rate can be calculat-

ed from the following equation:  
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�̇� =
�̇�

𝜌
 

�̇� =
6.51

1000
 

�̇� = 0.00651 𝑚3/𝑠  

After that, the water flow rate per day can be 

calculated a shown below:   

�̇� = 0.00651
𝑚3

𝑠
 × 3600 

𝑠

ℎ𝑟
 × 24

ℎ𝑟

𝑑𝑎𝑦
 

�̇� = 562.5
𝑚3

𝑑𝑎𝑦
 

B. The solar intensity in Bradford 

The value of the average intensity of solar in February 

2019 was 6.3 kWh/m2.day [24]. 
 

Furthermore, both thermal and solar efficiencies 

should be considered to find the actual solar flux in the 

studied area (Bradford): 
 

�̇�𝑛𝑒𝑡 =  ƞ
𝑠𝑜𝑙𝑎𝑟

ƞ
𝑡ℎ𝑒𝑟𝑚𝑎𝑙

�̇�𝑠𝑜𝑙𝑎𝑟  
 

Between 55 and 65 percent of solar collectors, effi-

ciency is achieved. During the winter, the efficiency is es-

timated to be around 55%. Water heating with an insulated 

solar heat pump has a thermal efficiency of 85%[8]. The 

net solar flux, based on these assumptions, is: 
 

�̇�𝑛𝑒𝑡 =  0.55 (0.85)(6.3) = 2.95 𝑘𝑊/ℎ𝑟 
 

C. The area of the solar collectors  

The following equation is used to calculate the solar 

collector area: 
 

𝐴 =
�̇�ℎ𝑒𝑎𝑡𝑖𝑛𝑔

�̇�𝑛𝑒𝑡

 

 

Where:  

A refers to the area of the solar collector.  

�̇�𝑛𝑒𝑡refers to the net heat flux (kW/m2), 
̇

𝐶ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝑟efers to the needed heating power portion 

from the solar collector (kW).  
 

To make it easier to compare the two systems, the 

collector area can be obtained using the covered energy 

percentage from the geothermal systems. Based on the geo-

thermal system's heat pump, twenty percent of the entire 

heat duty (�̇�ℎ𝑒𝑎𝑡𝑖𝑛𝑔= 171.09 kW) was chosen.  
 

𝐴 =
171.09

2.95
= 58.1 𝑚2 

 

This area value will be used to obtain the maximum 

possible solar collectors’ number to be fixed on the house's 

roof. The unit dimensions should be provided before de-

termining the solar units number. Figure 13 shows the solar 

collector that was chosen: 

 
Fig. 13: The chosen solar heater collector’s size [22] 

 

The selected size of the solar heater collector was 

chosen based on the amount of available roof space that is 

exposed to sunlight. The area of a single collector is ap-

proximately 2 m2, with 6 tubes of 1.7 meters for each unit. 

The roof's total area will be calculated using the diagram 

below. 
 

 
Fig. 14: The total area of the studied house's roof 
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As a result of the roof rigid structure, the slope of so-

lar collectors is clearly a constraint, as shown in Figure 18. 
Because of the Azimuth angle, it may be a better slope. The 

inclined roof length can be calculated using the sine rule: 
 

𝐿 =
4.5

cos 18.5 
= 4.75 𝑚 

 

Consequently, the roof net area is: 
 

𝐴𝑟𝑜𝑜𝑓 = 4.75 𝑚 × 12.5 𝑚 

𝐴𝑟𝑜𝑜𝑓 =  59.4 𝑚 
 

The calculated roof area is larger than the area of the 

solar panel, which means that there is sufficient room for a 

solar collector. There are 42 units in total. As a result, there 

are a total of 252 tubes. Furthermore, the total length of the 

tube is around 430 m.  
 

VI. COMPARISON BETWEEN GEOTHERMAL 

AND SOLAR HVAC SYSTEMS 
 

The comparison aims to assess the economic benefits 

of the two systems when used as hybrid systems together 

with gas heat pump systems. The following specifications 

and assumptions are used to determine the cost and the 

profit of the two systems: 
 

 As shown in Table 5, the using gas cost index that is 

used in heating water is 45 pence/230L: 
 

 
Table 5: the using gas cost index that is used in heating 

water in the UK per square meter of the house [14]. 
 

Note: The average gas heating cost is £32.3/year/m 2[14]. 
 

 For solar systems, a 10% maintenance cost is assumed, 

while for geothermal systems, a 5% cost is assumed. 

 Both systems have a 25-year life expectancy. 

 According to the Office for National Statistics, gas price 
inflation in the UK equals 9.3% [19]. 
 

A. Geothermal system financial analysis 

Today's prices for heat pumps and pipelines are used for 
calculating the geothermal system capital cost. The bill of 

quantities for a geothermal system is presented in Table 6. 
 

 
Table 6: The geothermal system bill of quantities (BOQ) 

 

While Table 7 presents the geothermal energy cash 

flow based on the values above.  
 

 
Table 7: Calculations of geothermal system cash flow 

 

B. Solar system financial analysis  

The solar system capital cost can be estimated using to-

day's prices for solar collectors and operating pumps. The 

bill of quantities of a geothermal system is shown in Table 
8. 

 

 
Table 8:  Solar system bill of quantities (BOQ) 
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Table 8 presents that the BOQ for a solar system that 

releases annual cost savings equals 7,376.9 £. 
 

The annual cost saving, 𝑀𝑠𝑎𝑣𝑒 , in the first year can be 

determined for 20% saving as below:  
 

𝑀𝑠𝑎𝑣𝑒 = (20%)
£32.3

𝑚2
 × 114.3 𝑚2 

𝑀𝑠𝑎𝑣𝑒 = £7,376.9 
 

Related to the above values the cash flow of using 

geothermal energy is presented in Table 9. 
 

 
Table 9: Calculations of cash flow of the solar system 

 

VII. CONCLUSION 
 

The geothermal heating system design was achieved 

depending on estimating the selected house heat load, de-

termining the required temperature of pipes to meet the 

estimated load, and obtaining the requireddepth, spaces, as 

well as size of the geothermal tubes. The heat load for the 
chosen house was determined during the design of the geo-

thermal heating system. The optimal participation of geo-

thermal power equals 50%, which is not ideal because of 

thehigh-pressure dropthose results in significant energy 

losses. Because of the solar system's location, the water 

pump is smaller than the pump in a geothermal system. 

Moreover, the results showed that solar energy is more 

effective thangeothermal energy because solar energy has a 

lower capital cost than geothermal energy. 
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