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Abstract

The water and energy challenges have become a big concern in Afghanistan that need to be addressed cooperatively. One
of the challenges in the country is electricity generation, and a small part of it is produced in the country, so there are a
huge burden and cost to meet the remaining electricity need. Over years and without sustainable management almost all of
the dams in Afghanistan lost their effective life due to reservoir sedimentation that led to the reduced reliability of water
and power supply. On the other hand, Global warming and high temperature have a direct impact on the number of water
sources. Since Afghanistan is located in an Arid to a semi-arid climate that is characterized by the high value of annual
evaporation where the precipitation is less than annual evaporation, besides other forms of losses, its surface water is lost
through evaporation. On the other hand, one of the challenges in the country is electricity generation, and a small part of it
is produced in the country, so there are a huge burden and cost to meet the remaining electricity needs.One of the
approaches that can meet both challenges simultaneously is the use of floating solar panels. It has significant advantages
over the ground-based type of solar panels. These benefits include reducing water evaporation, improving water quality by
reducing the growth of algae, and high solar panel performance. This paper aims at illustrating the potential for use of
floating solar panels to generate power and the impact of floating solar panels installation on preventing surface water
evaporation on Naghlo Dam.
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1. Introduction

Water resources management is an important action in the field of development and self-sufficiency of the country.
Afghanistan is one of the richest countries in the region in terms of water resources, but so far this valuable resource has
not been used to develop and improve the country's economy.

The capacity of water resource is estimated to be 75 billion cubic meters, 55 billion cubic meters of which make up the
surface waters, and the remaining lies underground [1] . Studies show that the amount of surface flow in the different rivers
of Afghanistan has decreased from 65% to 40% of the annual flow, and in general, in the country, there is a 50% decrease
in the amount of freshwater [2].

Afghanistan has an arid to semi-arid climate, which makes the country more sensitive to water losses due to
evaporation because the rate of evaporation in such conditions is very high [3]. In Kabul basin from 1959-1971 the average
monthly evaporation rate was 133 mm and between 1957 to 1977 the annual precipitation was 330mm/year which shows
that the evaporation rates are high relative to precipitation in Kabul basin [3]. High evaporation rate causes the water in the
lake, canal, dam, reservoir, and river basin to vaporize into the atmosphere [4]. So correct identification of the of water
losses that occur through evaporation and its prevention is an important action in the field of accurate management of water
resources in the country.

Afghanistan is a country of 34.6 million people [5].70% of the population in the country has no access to electricity
and the annual consumption of electricity is 100 kilowatt-hour (KWH) per person [6]. Furthermore, electricity is one of the
Afghan people's most pressing needs. Most of the country's electricity is now imported, but a small amount is produced in
the country. Afghanistan annually imports at least $280 million worth of electricity from Iran, Uzbekistan, Tajikistan, and
Turkmenistan [7]. As shown in Figure 1 the amount of imported power covers only 80% of the need, and the shortage is
supplied by internal power generation [8].
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Figure-1.
The percentage of imported to and generated power inside Afghanistan in 2018 [8].

Over the years and without long term maintenance, due to reservoir sedimentation, almost all of the Afghanistan's
dams have reached the end of their useful lives, resulting in lower water and power supply [8]. As an example the Naghlo
dam has a sediment discharge system, but the system has been inactive for thirty years and no sediment has been
discharged as a result Sediment in the reservoir of the dam reached its critical state. Sand and debris have taken up 40% of
the Naghlo dam reservoir [9].

Since Afghanistan has 300 sunny days each year, its average solar potential is estimated to be 6.5 KWh per m2 per day
[10]. The annual potential of power generation by Photovoltaic solar in Afghanistan is 140,982 GWh studied by Anwarzai
and Nagasaka in 2016 [11]. In 2018 1347.7-megawatt-hours of electricity in the country has been generated by solar
panels, so the use of solar panels in Afghanistan to generate electricity is not a new concept [8].

In the past, solar panels as renewable energy and hydropower plants were developed separately but now their
combination is used to generate electricity. For the top 20 hydropower plants it has been shown that covering 10% of
hydropower plan basin surface increases hydropower plan energy generation capacity by 65% [12] The use of solar panels
on water surfaces is one of the new solutions in the world, which is growing rapidly due to its greater efficiency and
benefits. Agostinelli [13]. Floating solar panels are 16 percent more efficient due to the temperature regulation effect of the
water [14]. Today, there are more than 300 floating solar installations worldwide. Although the installation cost of floating
solar panels is about 20 to 25 percent higher than the type that is installed on the floor and roof, other benefits are
compelling enough to invest in, and over time can cover all costs [13].

This paper aims to study the evaporation reduction and electricity generation potential of floating PV solar panels on
Naghlo Dam in the Surobi district of Kabul province as an integrated solution to overcome both problems.

2. Methodology

Naghlo is the biggest hydropower dam in Afghanistan located in 34°38'28"N 69°43'01"E on the Kabul River in Surobi
district of Kabul Afghanistan. As shown in Figure 2 provided by Global Energy Conservation, the total area for the dam
reservoir is 13.2 km2. Naghlo Dam has a normal elevation of 1190 m with 61 m of hydraulic head and 110 m high [15].
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The design capacity of the dam is 100 MWh and supplies electricity for about 100,000 households [16]. The average
temperature of the district is 17.9 °C with an average annual rainfall of 348 mm, so there is not much rainfall in Surobi
throughout the year [17]. The average annual solar resource in Surobi district is high with an annual average of about 5.4
kWh/m2/day with the highest during summer 7-7.5 kWh/m2/day [17]. To examine the power generation capacity and
surface water evaporation reduction of floating solar panels on Naghlo Dam a calculation was made to study the surface
water evaporation rate in Surobi district and the result was then used to calculate evaporation prevention rate of surface
water by applying floating PV solar panels, and power generation capacity of these PV panels. This study also investigated
cost saving by reducing the amount of importing power to the country.

2.1. Evaporation Estimation

Evaporation is part of the hydrologic cycle which is affected by metrological factors like temperature, wind,
atmospheric pressure. Penman's equation, which is based on wind direction, temperature, and saturated vapour pressure, is
one of the techniques used to calculate surface water evaporation [18]. A simplified version of the Penman equation using
routine weather data for calculating evaporation rate is described by the following equation: [19].

1)
E,~ 00511 —) xR, xT+95— 2.4 (%)2 + 0052 x (T+ 20)(1—%)x(au—0.38+0.54u)
A

EO is the average daily evaporation from the free water surface (mm/day) at sea level (z=0). is albedo (Albedo is the
ratio of amount of solar radiation reflected by a surface or body ) Of water surface assumed to be 0.08 [18]. Rs is solar
irradiance on the reservoir surface in an hour for an average day, calculated as follow:

R, =R, x (o.5+o.25%) @)

¢ is geographic width of the selected location, j is the ordinal number of the month, for the selected month n and N are
the average and a maximum number of sunny hours that can be calculated by the given equation:

N =~ 4 x ¢xsin(0.53i —1.65) +12 A3)
RA is the solar irradiance on the surface of the atmosphere calculated as follow:
R, =3Nsin(0.131N —0.95¢) ) 23.57 @)
180
R, =118N"?sin(0.13IN —0.2¢)  |g[< 213527[ (5)
T is the average temperature C° for each month:
Tmax + Tmin
T ="M (6)
2

RH is the relative humidity and u is the average wind speed in (m/s) 2 m above the water surface.
Because the above equation is for sea level to adjust it for water surface at higher elevations (z) the following equation
is suggested:

E = E,+0.00012x 2 @)
The daily total evaporation of water can be calculated in equation (8).
V(m3 / day) = E(m/day) X Aeservoir (mZ) (8)

2.2. Conservation of water:
Amount of water conserved by the installation of floating PV panels

AV (m® / day) =k x E(m/ day) x A_,(m?) ©9)

K is a reduction coefficient that is less than 1 because the reduction of evaporating loss is not 100 percent.

2.2.1. Calculation for the rate of evaporation and water conservation for the Naghlo Dam:

There is a great potential for the advancement of PV floating solar panels framework in saving water. The total area for
the dam reservoir as shown in Figure 2 provided by Global Energy Conservation, is 13.2 km2 [15]. We considered 0.25%,
0.5%, 1%, 3%, 5% and 10% of the total area to be covered by floating PV solar panels and the evaporation reduction
efficiency is 30% [20]. Based on the given equations for the calculation of evaporation rate and conserved water, and the
average data are shown in Table 1 the calculation was made. The wind velocity and temperature are particularly for Surobi
District but due to lack of data for Surobi district, we have taken the sunny hours and humidity of Kabul province. In
calculations, we assumed that the wind is blowing 2 meters above the water surface and the height of the surface of water
equal to normal elevation plus half of the dam height.
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Figure-2.
Surface Area of Naghlo Dam reservoir [15]
Table-1.
Data for calculation of surface water evaporation rate in Surobi district [17, 21, 22]
Month Jun Feb | Mar | April [ may | June |July | Aug | Sep | Oct | Nov | Dec

Tmax (C°) 11.3 [ 138 | 19 109 1296 |36.1 | 364 |348 |32 26.5 | 20 13.1
Tmin (C°) -0.5 |26 6.7 228 |156 |21.2 | 234 |224 [176 {113 |49 |03
Tavg (C°) 5.4 8.2 13 169 | 226 |28.7 |299 [286 |24.8 [189 |12 6.7
RH (%) 0.68 | 0.7 0.7 |0.6 048 [0.35 | 039 |04 0.4 042 [05 |06
n ( day) 5.5 6.4 6.5 |78 975 |11.7 113 (111 101 [9.1 81 [59
v2 (m/s) 7 6 51 |6 5 8.8 8 5.8 4.1 2.8 23 |3

2.3. Electricity generation:
The energy generation capacity of Floating PV solar panels can be estimated with the following equation, in which is
mean insolation in KW/m2/day, is the area covered by Floating PV solar panels and is the efficiency of the system [18].

W=I xAxp (10)
The efficiency of the system consistes of three efficiencies, is the efficiency for type or model of the PV panel (

preferred monocrystalline panels and adapted average value for the model efficiency is 17%). is the conservation
efficiency of the panels and is the efficiency of the inverter considered to be 90% adapted from Vignola, et al. [23].

77 = nmodule X 77temp x ninvertor (11)

Equation.12 is a function of nominal operating cell temperature (NOCT) for most of the panels the value is 45 °C [18]
is the ambient air temperature assumed equal to the temperature of the dam reservoir area (=17 °C) based on [18].

, and | is the average monthly solar irradiance. Figure 3 shows the solar irradiance of Kabul province [24].
Equation.13 is used to calculate the conservation efficiency of the PV panels. in Equation.13 is the standard efficiency of
solar panels under 20 °C, the standard efficiency of monocrystalline panels commercially available in Afghanistan is 14%-
20% [25] and we considered the optimal value of 17%.

NOTC -20°
Tpanel = Tamb + (T) x1 (12)
Themp = Mste ¥ (1_ 0.005x (Tpanel —25° )) (13)

Solar Irradiance (Wh/m?/day)

Months

Figure-3.
Average monthly irradiance of Kabul province [24].
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3. Results and Discussion
3.1. Evaporation rate and water conservation
Figures 4 and Figure 5 show the daily and monthly evaporation rates of surface water in the Surobi district of Kabul,
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Figure-4.
Average daily evaporation from the free surface of the water in the Surobi district.
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Figure-5.
Average monthly evaporation from the free surface of the water in Surobi district

Based on the calculation performed it can be concluded that the evaporation rate is the highest in June month with 11.7
sunshine hours and it is the lowest in the winter session in December month. The total annual evaporation of surface water
in the Surobi district of Kabul province is 2839mm/year and Annually, an average of 34.5x106m3 of water evaporates
from the reservoir of the Naghlo dam.

Figure 6 shows the annual conservation rate of surface water from evaporation for different coverage percentage, based
on 30% evaporation reduction efficiency of floating PV panels.
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Figure-6.
Annual conservation rate of surface water from
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3.2. Energy generation capacity
Figures 7 and Figure 8 show in MWH the monthly and annual energy generation capacity of floating PV panels system
on Naghlo dam for 0.25%, 0.5%, 1%, 3%, 5%, and 10% of the total surface area of dam reservoir covered with PV panels.
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Figure-7.
Monthly energy generation capacity of floating PV panels system on Naghlo dam
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Figure-8.
Annual energy generation capacity of floating PV panels system on Naghlo dam.

Based on the calculation for all the mentioned coverage percentage the biggest production will be achieved in July,
August, and September, and in these months the solar insolation has the highest amount of about 7TKWH/m2/day and the
smallest production will be achieved in December month in which the solar insolation is 4AKWH/ m2/day. Annual generated
electricity resulted from 3% coverage is 139.7 MWh more than the energy generation capacity of the Naghlo hydropower
dam which is 100MWH.

4. Conclusion
This paper studied the evaporation reduction and energy generation capacity of floating PV solar panels on the Naghlo
hydropower dam located in the Surobi district of Kabul, Afghanistan. The specific conclusions are summarized below:
e With 55 rainy days the evaporation rates are high relative to precipitation in Surobi district.
e Due to arid and semi-arid climate the annual surface water evaporation rate in the Surobi district is
2839mm/year.

e Based on the annual evaporation rate, 34.5x106m3 of the water evaporates each year from the reservoir of
Naghlo dam.
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e 3% covering of the dam reservoir generates 139.7 MW Hof energy which is 39.7 MWH more energy than the
total generation capacity of Naghlo hydropower dam.

o Installation of solar on the surface of water in dam reservoir can boost the capacity factor of the Naghlo dam
to 100%

e  This study found if we cover 10% of the Naghlo dam's reservoir with PV panels, it can generate 467.7 MWH
of energy.

e In calculation to have a more realistic result, we considered the minimum value of the efficiencies.

e The consumption of electricity varies from province to province in Afghanistan. For example, in Kabul
annual consumption of electricity is 3000KHW per household, and for Laghman which is located next to
Surobi province this rate decrease to 551KWH per household per year [26]. If we allocate 46.5MWH of
energy which can be generated by floating PV solar panels with 1% of the coverage area to the Kabul in can
provide electricity for 15333 households with annual consumption of 3000KWH, and if we allocate this
amount to the Laghman province it can provide the demand of 83448 households.

e The installation of floating solar panels on Naghlo Dam is more effective in terms of cost-saving because both
transmission and distribution networks are already available.
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