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ABSTRACT

Many applications depend mainly on heat energy, such as solar and geothermal heat
pumps. There is a high increase in the use of applications that depend on renewable
energy. The main objective of this project is to study the heating systems and
geothermal heat pumps. This study also investigated solar heat pumps and the
geothermal efficiency to optimize its strategic plan. A performance factor (COP) was
used to assess the efficiency of both geothermal and solar systems. To apply the
methodology, a case study was used. The results in the thermal energy system are
that solar energy is better and more cost-effective in terms of capital. The revenues
for the solar system after 25 years were higher than the revenues for the geothermal
system. Furthermore, solar power has a shorter payback time making it superior for
a similar life span, so it was clear that the expenditure on solar power was safer than
the expenditure on geothermal power.

Keywords: Heat Energy, Renewable Energy, Geothermal Heat Pumps, Performance
Factor, Geothermal Power, Thermal Energy

1. INTRODUTION

In 2017, a significant increase in energy demand of 2.2%—the
Organization for Economic Cooperation and Development (OECD) driven the
growth. Economic growth has been linked to this strength. The consumption
of global energy is shown in Figure 1, BP statistical (2018). The production of
a low amount of carbon in addition to the increase in the use of energy is one
of the challenges of the global energy system. When energy is used, it
produces carbon dioxide emissions, which grow continuously by 10% until
2040. A 40% carbon reduction is one of the plans that have been put in place
to reduce carbon emissions BP Energy Outlook (2019).
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Figure 1 The consumption of global energy and carbon emissions and primary energy demand BP
statistical (2018); BP Energy Outlook (2019)

Seger (2016). Geothermal energy
may play an important role, as it is a clean and safe facility. Solar energy and
geothermal resources get a significant capability for long-term low GHG energy
production while also providing safe baseload situations. Climate change will have
little impact on the generation and usage of solar energy and geothermal. Research
field to enhance the power generation capacity of solar energy and geothermal
resources and their global distribution could play an essential role in mitigating
climate change.

The aim of the project to investigate the performance of geothermal HVAC as
well as solar devices that are already being used in buildings throughout the United
Kingdom to improve the efficiency of solar systems and COP of geothermal HVAC.
This is accomplished by:

1) To determine which technologies are used in residential buildings.

2) To determine the tools to be used to assess the efficiency in HVAC systems,
among others.

3) For a case study for the design of the ventilation and heating system.
4) To compare the regulars and make recommendations.

2. LITERATURE REVIEW

Nowadays, the growing use of fossil fuels has led to environmental concerns
around the world. If the usage of fossil fuel stays at this significant level, the world's
climate conditions would therefore influence the global environmental concerns
and the energy usage pattern and life quality. The consequent air pollution caused
by the usage of fossil fuels remains a major ecological challenge at national and
regional levels. On the basis of the 2016 world energy outlook IEA (2016), the
regulations as well as warnings on environmental protection have been expanded
(Figure 2). One-third of the "Green House Gasses (GHG)" global emissions are
generated by buildings, according to (Robert & Kummert, 2012). Fossil fuel seems
to have an important influence on the rise of GHG emissions, resulting in climate
change, environmental impacts as well as global warming. They were intended to
examine the efficiency of the geothermal HVAC systems that, in addition to different
urban countries, are now being used in the United Kingdom for the objective of
improving COP and performance within Geothermal HVAC system:s.
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Figure 2 Explains the fluctuations in demand for energy, global economic production in addition to

the energy co2 emissions [EA (2016)

1) Geothermal HVAC Systems Efficiency Determination

According to Rosen and Koohi-Fayegh (2017), "Ground Hot Exchanger (GHE)"
is fixed underground, air distribution, heat pump. Are geothermal energy-
dependent cooling and heating systems, GHE, which should measure following
demand expectations, apart from auxiliary systems, is heavily impacted by the direct
cost (like the component of natural gas for very cold temperatures). In actual fact,
GHEs are in addition to soil heat characteristics, heat change coefficients, and
ground temperature responsive to spongy surface-type flow rates. But it may be
optimally tailored for a range of conditions Rosen and Koohi-Fayegh (2017). Figure

3 shows a comparison.

Conventional HVAC System Geothermal HVAC System

Geothermal
Energy
(Provided free

Heating & A/C
60%

UCIURUEEERWN Heating & A/C
49% 18%

70% for thermal loads Energy Bill Cut in Half

Figure 3 Clarifies the geothermal and the conventional HVAC system Anonymous (2018)
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companies use computers to specify precisely the operational efficiency of the
equipment in the building or the residence. Figure 4 demonstrates geothermal heat
pumps with conventional systems cooling and heating efficiency.

HEATING EFFICIENCY COOLING EFAICIENCY

WaterFumace Emdslon Stanclard Geotharmal High Efficlency Heat Pump
& Adr Conditl oner

EI."'r';r,_“f:'ﬂm T High Efficiancy Gas or Standard Efficiency Gas or
(mn.mm.juﬂih Puump & AT Propane Furnacs Propane Furnace

Figure 4 demonstrates the heating and cooling efficiencies regarding the geothermal heat pumps
in conventional systems (Energy Environmental, 2019)

2) Configuration of Solar Heat Pumps

Solar heat pump systems (SHPs) are handled as hybrid systems, where solar
thermal or even solar photovoltaic heat pumps are coupled to the heating system.
Solar thermal collectors transform solar energy into thermal energy solar energy.
The solar thermal collectors have two primary configurations: parallel and series.
The heat pump as well as the solar collector provide heat for cargo in parallel
systems as illustrated in Figure 5, either through the store or even directly, while
the solar collector heat produced is used indirectly as the heat source for the thermal
pump evaporator, as shown in Figure 6. (Poppi, 2017). In numerous areas such as
design, installation, and control, the parallel arrangement is believed to be easier

than series. It is also stronger when the radiation is significantly high Haller and
Frank (2011).

Solar
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Figure 5 Configuration of parallel (Poppi, 2017)
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3) Applications of geothermal HVAC systems in houses

Direct use of the facility includes refreshments and heating in greenhouses,
pools, fish ponds, spa, bathing, district heating, desalination/cleansing of water, as
well as industrial heating and treatment utilized for the desiccation ore mining and
agricultural goods. There have been two basic types of employed systems, open and
closed-loop systems, to heat the room. The open-loop network also refers to single
pipe systems using geothermal water recovered straight from the well for radiation
mixing purposes, as seen in Figure 7. (Bertani et al,,2015). Energy mining will, in
turn, chill the neighbouring earth during the whole hot period. The deepness and
quantity of samples might be limited in order to minimize damaging impacts on the
ground. However, during summer cooling periods, these impacts might be
decreased by heat storage under the earth.

Gas Separator Radiation Heating

Figure 7 illustrates the various heating systems of open-loop type (single Pipe) (Bertani et al,,
2015)

4) Solar Heat Pump Systems Performance

Heat pumps and solar thermal systems for a space heater and hot water for
domestic heating applications have been explored by MacSheep (2012- 2015).
MacSheep's objective was to develop new and innovative goods and sophisticated
testing techniques using technological, ICT, and material system enhancement.
MacSheep aimed to achieve a 25 percent reduction in energy, with still competitive
costs on the market compared with state-of-the-art technologies at the start of the
project.
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3. METHODOLOGY

This section describes the methodology which can be followed to evaluate the
possibilities and limitations of using geothermal and solar energy in HVAC (heating)
system in the UK. A case study for a house in Bradford - United Kingdom, was
selected to apply the design criteria. The layout of the house was distributed into
several zones. The standards outside and inside temperatures in Bradford were
investigated to create an HVAC system for this building, taking into account heating
loads. The estimated heating loads are used to study the design of a sustainable
energy model to increase the energy efficiency of the house. Finally, the solar and
geothermal energy systems will be evaluated to make decisions for the best
alternative in terms of efficiency, cost, and sustainability.

3.1. CASE STUDY
1) Layout of the studied house

The home is built on a 13-meter-wide land with an area of 15 meters in length
(12, 7 m diameter to 9 m) as seen in Figure 8. There is also a lobby space with two
stories; on the ground floor, there are two bathrooms and two bedrooms; on the
second story, there are a multifunctional room and a rooftop terrace. The exterior
design of the house is seen in Figure 9.

Figure 8 the model of a house

2) Zones

This house was built on land with an area of 196.3 m?, and the construction area
is 114.3 m? consisted of two floors. The ground floor consists of 2 bedrooms, two
bathrooms, and receiving area, and an open dining room (without partitions). Table
1 shows the zones of the ground floor with the dimensions of each zone. The second
floor consisted of a multi-purpose room and a roof deck.

Table 1 The zones of ground and second floor

Zones Dimensions

Ground floor

Zone -1: bedroom 1 4mx4m
Zone - 2: Bedroom 2 25mx3m
Zone - 3: Kitchen 4mx3m
Zone - 4: Dining 4mx2m
Zone - 3: Reserving area 4mx3m
Zone - 4: Bathroom 1 7mx 2.5m
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Zone - 3: Bathroom for master room 2Zmx1m
Zone -1: multi-purpose room 12mx4m
Zone - 2: roof deck 8 mx4m

3.2. HVAC CALCULATIONS

Heating and cooling loads are the factors of energy needed to be deleted or
improved from space by way of an HVAC system to extend the expected level of
pleasure within deep space. The scheme of HVAC with its right-sizing starts with
precise consideration of the cooling and heating amount of loads on a space. The
right size means that HVAC designs and appliances are chosen.

4. LOAD CALCULATION

1) Transfer of heat over opaque surfaces

This is an adequate heat transfer method. The rate of heat transmission through
the opaque surface, including walls, roof, and doors, etc. is determined by:

Qopaque = U X AX CLTD

U: Is the entire coefficient of heat transfer.

A is the area where the surface is heat transferred on the custom space side.
CLTD: is the cooling_load_temperature_modification.

2) Heat transferring by fenestration

Qtraus = CLF X SC X Aynshadea X SHG fmax

A is a sun radiation-exposed region.
SHGF, SC: The peak factor of solar heat gain and Shading Coefficient.
CLF: is the factor of cooling load factor.

3) Infiltration heat transfer
The sensitive heat transfer due to penetrating is determined by:

Qsinf(To - Ti) = vopoCP(TO - Ti)
Qlinf = mohfg(wo —w) = vopohfg(wo — w;)

4) The rate of infiltration by a method air change is specified by

|4
V,= (ACH)'M

ACH: The number of changes in the air per hour.
V: is the gross volume of the conditioned space in m3
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The inner cooling load caused by the occupants includes heat elements, both
sensitive and latent.

Qs,cc = (sen heat gain per person ) X (no of peaple) X CLF

Q1. = (letent heat gain per person ) X (no of people)

5) Load due to lighting

Lighting improves sensitivity to heat in the conditioned room. Since both
convection and radiation are used to transport heat from the lighting system, the
cooling charge factor is used to take into account the time lag. Thus, the lighting
system produces a burden of cooling;

Qs = (ballast factor) X (usage factor) X (installed wattege) X CLF

e Avalue of 1.25 is taken for the fluorescent lights.
e Avalue of 1 for the incandescent lamps.
CLF: a function that depends on the number of hours after turning on the lights.

6) Internal loads due to equipment and appliances
The internal loads based on appliances and equipment are given by.

QLapp = (latent heat fraction) X (installed_wattage)
Qsapp = (usage factor) X (installed_wattage) X CLF

The wattage installed and utilization factor depend on the type of equipment or
devices.

5. SIMULATIONAL RESULTS
5.1. HVAC DESIGN
1) Transmitting heat across opaque materials
The rate of heat transfer is calculated using the following equation:

Qopaque = U * A* CLTD

CLTDcorr = (25.5- T;) + (CLTD + LM) * k + (T, - 29.4)

Where:

CLTD=» Temperature difference of cooling load.
Ti=» inside temperature.

To=> outside average temperature.

K=» correction factor varies with building color.
LM=>» Monthly latitude correction
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The ground floor zones calculation for zoon 1 as follow:
e E-wall:

CLTD copr = (25.5- 23.5) 4 (19.7 + 1) * 0.85 + (18.3 - 29.4)
CLTD oy = (18.081)

Qopaque = (1.39) * ((4 x3) —2) * ((0.5 = 1) * (18.081)
Qopaque = (300.5) KW

e N-wall

CLTD,pyr = (25.5-23.5)+ (6.7 + 1) * 0.85 + (18.3 - 29.4)
CLTDcorr = (1.409)
Qopaque = (1.39 % (4.1%3)) — ((20.9) * 1.409)
Qopaque = (14.5608 KW)

e S-wall

CLTD;orr = (25.5-23.5)+((8.13 + 1) = 0.85) + (183 - 29.4)]
CLTD,prr = (1.63)
Qopaque = (1.39 * (4.1 * 3)) — ((2 = 1) * 1.409)
Qopaque = (22.089) KW

e Total
Qopaque = (300.5) + (14.5608) + (22.089) = (337.15) KW
The ground floor zones calculation for zoon 2 as follow:

e E-wall

CLTD;orr = (25.5- 23.5) + ((19.7 + 1) = 0.85) + (18.3 - 29.4)]
CLTDgppr = (18.081)
Qopaque = (2% 1) * 18.081) — (1.39 * (3 * 2.5))
Qopaque = (186.4) KW
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e N-wall

CLTD,orr = (25.5-23.5) + ((6.7 + 1) = 0.85) + (18.3 - 29.4)
CLTDppr = (1.409)
Qopaque = ((1 * 1.5) x 1.409) — (1.39* (3 = 3))
Qopaque = (10.3965) KW

e S-wall

CLTD¢orr = (25.5- 23.5) +((8.13 + 1) * 0.85) + (18.3 - 29.4)
CLTD orr = (1.63)
Qopaque = (2% 0.9) * 1.409) — (1.39 * (3 * 3))
Qopaque = (10.8192) KW

Total:
Qopaque = (186.4) + (10.3965) + (10.8192) = (207.54) KW

The ground floor zones calculation for zoon 3, 4, and 5 as follow:
o W-wall
CLTD;orr = (25.5-23.5) +((19.7 + 1) = 0.85) + (18.3 - 29.4)
CLTD,pr = (1.63)
Qopaque = (1.39 % (15 % 3)) — (2 * (1.5* 1) » 1.63)
Qopaque = (98.95) KW

e N-wall

CLTD,orr = (25.5- 23.5) +((6.7 + 1) = 0.85) + (183 - 29.4)
CLTD oy = (1.409)
Qopaque = (1.39 % (7.5 % 3)) — (1 1.5) — ((2 * 0.9) * 1.409)
Qopaque = (41.3664) KW
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e S-wall

CLTDcorr = (25.5- 23.5) +((8.13 + 1) *0.85) + (18.3 - 29.4)
CLTDcorr = (1.63)
Qopaque = 1.39 X (7.5 %x3) — (2% 2) — (1.5x 1) X 1.63
Qopaque = (47.678) KW

e Total
Qopaque = (98.95) + (41.3664) + (47.678) = 187.99 KW

The second-floor zones calculation for zoon 1 as follow:
e S-wall

CLTD;orr = (25.5- 23.5) + ((8.13 + 1) 0.85) + (18.3 - 29.4)
CLTD,prr = (1.63)
Qopaque = (2% (2x 1) X 1.63) — (1.39 x (12 x 3))
Qopaque = (43.52) KW

e W-wall

CLTD;ppr = (25.5- 23.5) +((19.7 + 1) = 0.85) + (18.3 - 29.4)]
CLTD, oy = (1.63)

Qopaque = 1.68 % 2 x (12 % 4) * 1.63 = (255.1) KW
Qopaque = (12.246_ KW
e Total
Qopaque = (43.52) + (12.246) = (55.77) KW
Roof deck calculation as follow:

Qopaque = (12 x4 % 3) x 1.68 * (23.5 — 18.3)
Qopaque = (1257.984) KW

International Journal of Engineering Science Technologies 87


https://www.granthaalayahpublication.org/ojs-sys/index.php/ijoest/

Comparative Study Between Geothermal and Solar HVAC Systems

2) Transmitting heat cross fenestration
Heat transfer calculated using the following equation:

Qtraus = SHGfmax * Aynshadea * CLF * SC

A=> Solar radiation-exposed area

SC and SHGF =» Coefficient of Shading and highest possible Solar Heat Gain
Factor

CLF=>» Factor of Cooling Load
The calculations of heat transfer cross glass as follow:

e S-wall

Qtraus = ((2 * 1) * 230 % 0.18 * 0.57) + (1.5% 1) = (37.397) KW

e W-wall

Qtraus = (1.5%1) % 0.18 %2 % 92 x 0.19 = (9.4392) KW

e N-wall

Qtraus = (1.5% 1) * 2% 0.73 % 13 x 0.18 = (5.1246) KW

e E-wall

Qeraus = (1%0.5) + (2% (1.5 1)) + ((2* 1) x92 % 0.35  0.18) = (15.092) KW

e Total
(67.05) KW

The total heating load equal:
Q = (337.15) + (207.54) + (187.99) + (55.77) + (67.05) = (855.43) kW

5.2. GEOTHERMAL AND SOLAR HVAC SYSTEM DESIGN
1) Geothermal HVAC heat pump
e Pipe’s temperature

To determine the minimum pipe temperature of the surface in the system to
meet the house heating load, you can apply the following formula Lund (1996):

1.32

a7~ 0472 100 100

q l<1.8 T, + 492)4 (1.8 AUST + 492
A

)4l +2.186 (T, — T,)
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Where:
To: Indoor air temperature (18.3°C)

AUST: Average_temperature_of_unheated_surfaces_in_the_house_ (15°C) Lund
(1996)

Tp: Geothermal pipes temperature of surface (°C)
q: Heating_load_of_the_house (855.43 kW)
A: Floor of the area (196.3 m2)

e Internal surface temperature

The internal surface temperature (IST) can be estimated based on the following
Equation Bjornsson (1980):

IST = IDT — (0.0291 X 3.6 X U X AT)

Where:

IST: Temperature of the internal surface

IDT: Inside design temperature [60°C].

U: Coefficient of heat-transfer losses [4.26 W/mZ2. °C]

AT: Variation in temperature outside and inside [10°C] based on Bjornsson
(1980)

IST = 60 — (0.0291 X 3.6 X 4.26 X 10) = 55.5C

This equation could calculate the pump pressure, head, and flow rate and add
up the details in Table 2:

Table 2 Pump characteristics at different geothermal usage percentages

Pump Geothermal% Nigtai Liotat APp (kPa) Pumphead (m) Pump flow (m3/hr)
1 10% 54 810 134.07 13.67 234

2 20% 108 1619 268.14 27.33 234
3 30% 162 2429 402.20 41.00 234

4 40% 216 3238 536.27 54.67 234
5 50% 270 4048 670.34 68.33 234

In each tube arrangement, the pump head is the pressure drop and displayed
in Table 3. In the Darcy - Weisbach formula, the pressure difference is exactly
proportional to pipe length if the pump-diagram diameter of these pipes is fixed in
each case. Thus, the pump-head is raised to overcome the difference in pressure and
supply the required amount of hot water.

2) Solar HVAC system design

Figure 9 depicts the geothermal HVAC system regarding the design parameters.
Figure 9 also shows the settings of the solar system:
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Hot Water Out

Hot Water Cylinder

Cold Water In

e

Figure 9 Solar heating system's typical setup Solfex® (2010)

o Rate flow of water by the system

The quantity of workable fluid (water) may be approximated inside the system
as follows:

__©
Cp AT

Where:

m': Rate flow of mass of water (kg/s)

Cp: Specific heat of water (4.182 k] /kg.K)

Q: System heat duty (855.43 kW)

AT: Temperature variations between the outlet and inlet water (30K)

855.43

= 38230y o°Lke/s

A volumetric rate flow of water could be found as:

y - 651 0.00651
Q= To00 = m3/s

The rate flow of water for days could be expected as:

3 3

hr m
= 1— — X 24— =5625——
Q 0.0065 X 3600 p X day 56 Sday
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e Bradford solar intensity

The average sun intensity (Q _solar) in 2019 February was reported on NASA's
webpage for worldwide renewable energy as 6.3 kWh/m2. Day NASA website
(2019).

The solar (n_solar) and the heat (n_thermal) efficiency in Bradford-UK should
be evaluated as follows in order to calculate current solar flux (Q _net) in Bradford-
UK:

Qnet = Nsotar Nthermal Qsolar

The performance of the system collector is 55% to 65% (Weiss W., 2017).
Effectiveness might be measured as 55% in the winter season. Eighty-five percent
of hydrothermal effectiveness may be achieved with an isolated solar heating
system Weiss (2017). The solar flow rate arises based on such assumptions:

Qnet = 0.55 (0.85)(6.3) = 2.95 kW /hr

e Area of solar collectors
The area of the solar collector (A) may be computed accordingly:

_ Qheating
Qnet

A

Q' _net: Net solar heat flux (kW/m?2)
Q' _heating: The necessary part of the solar heating power (kW),

171.09
A=

_ 2
X 58.1m

Due to this area, it is possible to determine the maximum number of solar
collectors on the home roof. The unit parameters should be specified before
calculating the number of solar units. The following figure shows the specified solar
collector: Figure 10 displays the size of the solar collector determined by the
available sun-exposed roof zone. With about six tubes per unit, the area of the single
collector is 2 m2. Every tube is 1.7 m in length. The following drawing (not to scale)
would be used to estimate the overall area of a roof.
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Figure 10 Solar heating collector chosen dimension Solfex® CO. (2010)

The path of solar collectors, as indicated in Figure 11, is obvious, due to its hard
roof construction, as a limitation. The angle of the Azimuth may give it a greater
slope, but the structure is rugged. The sloping roof length may be calculated by the
following sine rule:

4.5

L= c0s185 475m

The net surface of the roofis:
Aroor = 4.75m X 12.5m = 59.4 m (Larger than the required area of solar
panel)

The solar collector has ample room. The units are numbered 42. The number of
pipes, therefore, amounts to 252 pipes. The length of the tube is around 430 m.

Width is 12.5 m

9.0 m

Figure 11 Estimation of the net roof area of the studied house

5.3. HVAC SYSTEM COMPARISON: GEOTHERMAL VS. SOLAR

The comparison has been intended to assess the economic benefit of using both
systems, like hybrid systems using systems of the gasoline heat pump. The below
requirements and parameters were used to calculate the revenue and the expense
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of systems. As stated in Table 3, the expense index for utilizing gas to heat water
approximately 45 pence per 230 liters:

Table 3 In the United Kingdom, the expense of using a gasoline heating system to heat the
water for a unit area of the home. Greenage website (2015)

Degree-days Annual space heat demand Cost for heating
Newcastle 2,400 10,368 kWh £363
London 2,100 9,072 kWh £318

Plymouth 1,900 8,208 kWh £287

Note: According to the same source, the estimated price of heating systems was

£32.3/year/m2.

e The solar system was expected to have a 10-percentage cost of
maintenance, while the geothermal heat pump system has a 5-percentage
cost of maintenance.

e Both systems have a 25-year lifetime.

e According to the UK Gas Price Inflation Report, the price of gas in the UK
has risen by 9.3 percent Meakin and Atkinson (2019).

1) Geothermal system financial analysis
The geothermal system capital cost may be calculated through calculating the
cost of pipes as well as heating systems at current pricing. The quantities bill for the
geothermal system is shown in Table 4.

Table 4 The quantities bill for the geothermal system

Element Price of Unit Quantity Overall cost

Copper pipes with a 2-inch diameter £8.33/m1 1619 m £13,486.3

Heat pump (Neptuno® - VTP30)! 4830 + 144(Q)*° Q=6.51L/s  £5,607.3

Sub Overall £19,093.6

Cost of installation (10%) 10% of capital cost £1,909.4

Overall cost £21,003

The BOQ for the geothermal system is shown in Table 18, but it results in yearly
cost savings equal to £7376.3. For 20-percentage reductions, yearly cost savings (M
save) during the first year may be estimated as follows:

£3
Mgape = (20%) X (

- ) X 114.3m? = £7,376.9

Table 5 and Figure 12 show the cash flow according to these values for
geothermal energy consumption.
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Table 5 Calculating the cash flow of a geothermal system

Year Capital cost (£) Operating cost (E/yr) Revenue (£/yr) Cumulative Balance (£)

-21003.00 -21,003.00
1 0.00 -210.03 737.69 -20,475.34
2 0.00 -229.56 806.30 -19,898.61
5 0.00 -299.75 1052.82 -17,826.18
10 0.00 -467.59 1642.31 -12,870.61
15 0.00 -729.40 2561.86 -5,140.34
16 0.00 -797.23 2800.12 -3,137.45
17 0.00 -871.37 3060.53 -9,48.29
18 0.00 -952.41 3345.16 1,444.46
19 0.00 -1040.98 3656.26 4,059.73
20 0.00 -1137.80 3996.29 6,918.22
25 0.00 -1774.86 6233.87 25,728.54

Using geothermal energy into HVAC was possible after a 16-year payback time,
as shown in Table 5 and Figure 12. After 25 years, the total revenue was Euro's
25,728.5. Figure 15 illustrates that cash flow was geometrical since the inflation rate
for both operational costs as well as income was taken into consideration. It should
be noted that the operational cost associated with maintenance could be red from
the left y-axis, with a minus sign showing the expenditure. Furthermore, revenue
might be red out of the same y-axis but also with a positive sign, signifying systems
revenue. From the right y-axis, the capital cost, as well as total cash flow, may be
shown in red.

Operating cost Revenue Cumulative Balance
£8,000.00 - - £30,000.00

s g
$ £6,000.00 - - £20,000.00 :
>

o 2
_; £4,000.00 - - £10,000.00 &
c >
S £2,000.00 - - - E
17 =1
o o
:o £- ‘ ‘ T0 ‘ ‘ -£10,000.00 Z
£ o ©
‘é -£2,000.00 19 o 10 15 20 s -£20,000.00 g_g
[7] ‘S
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Year

Figure 12 The cash flow of employing geothermal energy into HVAC for a property in Bradford, UK,
both discontinuous as well as cumulative.

The cash flow for geothermal HVAC utilization is shown separately and
cumulatively in Table 5 and Figure 12. Figure 12 shows that running costs rise with
time, which can be ascribed to system aging and lower efficiency. On the other side,
as income grows over time, money was conserved. This rise makes up for the
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reduction in operational costs. As a result, the cumulative equilibrium grows over
time, indicating a strong system. In addition, the payback time of 16 years was
indicated, as is the year of beginning to receive money. The 16-year payback time
was reasonable, and it may be lowered by using lower-cost elements. However,
quality was not taken into account.

2) Bradford solar intensity
The average sun intensity (Q _solar) in 2019 February was reported on NASA's
webpage for worldwide renewable energy as 6.3 kWh/m2. Day NASA website.
(2019). The solar (n_solar) and the heat (n_thermal) efficiency in Bradford-UK
should be evaluated as follows in order to calculate current solar flux (Q __net) in
Bradford-UK:

Qnet = Nsotar Nthermal Qsolar

The performance of the system collector is 55% to 65% Weiss (2017).
Effectiveness might be measured as 55% in the winter season. Eighty-five percent
of hydrothermal effectiveness may be achieved with an isolated solar heating
system Weiss (2017). The solar flow rate arises based on such assumptions:

Qnet = 0.55 (0.85)(6.3) = 2.95 kW /hr

6. CONCLUSION

Solar heating systems and geothermal heat pumps, in addition to the efficiency
of these systems, have been studied in order to develop operational plans. The
performance factor was used to evaluate the efficiency of both geothermal energy
and the solar system. A house located in UK / Bradford was taken as a case study.
The house's design is divided into various sections. The exterior and internal
temperature characteristics of Bradford were then investigated in order to design
the HVAC system for this structure while accounting for heating loads. The projected
thermal loads have been used to research the development of a comprehensive
energy model to improve household energy consumption. This research
investigated geothermal and solar systems to create better alternative selections in
terms of cost, efficiency, and sustainability.

According to the analysis findings, available space would be treated as a limit
in determining the maximum proportion of geothermal power for overall HVAC
power depending on geothermal heating systems with varied vertical layers.
Because of the solar system position, which gravity forces the water to go below, the
water pump throughout the solar system was lower than the pump throughout the
geothermal energy model. Another cause was its lower total system. The geothermal
and solar systems were compared to evaluate the financial benefit from employing
both hybrid systems with a gasoline heat pump, as well as the revenue and expense
of the geothermal and solar systems.

The comparison result had shown the total combined equilibrium changes over
time, indicating a good structure, as well as a period of payback, was 16 years had
been noticed, that will be the year of beginning to achieve revenues, as well as the
period of payback was 16 years which is satisfactory, it could be decreased by using
cheaper elements, but this is not taken into consideration, in terms of quality. It
could be observed that the solar system has a shorter period of payback than the
geothermal system. This is due to the geothermal system has bigger elements as well
as a bigger pump. Furthermore, solar energy seems more practicable than
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geothermal energy since the solar system's capital cost was cheaper than the
geothermal system's capital cost. Additionally, the net income for the solar systems
for 25 years is more than the geothermal systems making it stronger for similar
service life. The commitment to solar power was safer than the commitment to
geothermal power. To summarize the comparison, the solar system had already
demonstrated an advantage over the geothermal system; from both perspectives, it
may be preferable to pick it, but only if the solar tubes are cleansed of dust regularly.
Several recommendations were reached, including:

1) Develop a geo-solar-wind hybrid system and evaluate this system in terms
of efficiency and cost.
2) Comparison of renewable systems to reach the most effective system.

3) Determine the factors that help increase the adoption and implementation
of renewable energy systems.
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