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 Abstract 
 

Telecommunication Networks have changed the way people live, work and play. Due to the massive demand 

of broadband services, the power solutions is an urgent requirement which are provided to these stations and 

networks through the use of grid electricity, conventional energy and alternative energy sources. In the urban 

areas, telecommunication network can be powered through the use of grid electricity, however, in rural areas 

grid electricity is not available or is available in few stations only and the use of conventional energy is costly 

as well. This paper gives an overview of existing power network of Base Transreceiver Station (BTS) of Nepal 

Telecom (NT) and present technical and economic assessment for proper selection of technologies on Diesel 

Generator (DG), hybrid DG/Battery and hybrid Photovoltaic PV/DG/Battery as a backup power supply in the 

urban areas, and hybrid PV/Wind with Battery backup, PV with Battery backup and PV with 

FuelCell/Electrolyzer/Battery backup in the rural areas.  

 

Keywords - Renewable Energy; Photovoltaic; Wind; Fuel Cell; Electrolyzer; Hybrid Power; Telecom 

Network  

 

INTRODUCTION  

 

Telecommunication networks have changed the way people live, work and think. Since many people around 

the world are connected by telecommunication networks, the challenges to provide reliable and cost effective 

power solutions to these expanding networks is indispensable for telecom operators. There are various 

renewable energy sources (RES) such as solar energy, wind energy, fuel cells, biodiesel and so on for 

telecommunication applications. Various authors [1-4] had used renewable energy sources for powering the 

telecom network.  For instance, Pragya et al. [1] used standalone PV/Wind hybrid power system with diesel 

generator as a backup power supply for a cellular mobile telephony station in India. Lehman et al. [2] used 

photovoltaic and proton-exchange membrane (PEM) fuel cell technologies to power remote repeater station in 

California. Robbins and Hawkins [3] used PV and supercapacitors as a power backup for telecom network in 

Australia. Paudel et al. [4] used hybrid PV/Wind power system with battery backup for remote telecom station 

in Nepal. The implementation of renewable energy sources is increasing day by day for the telecom operator, 

however, the selection of these renewable energy sources technologies in different geographical location is still 

a challenge.  
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Nepal Telecom (NT) has provided various telecommunication services as Global System for Mobile 

Communication (GSM), Code Division Multiple Access (CDMA) and Public Switch Telephone Network 

(PSTN) services. Recently, it has deployed Third Generation (3G), Evolution Data Optimized (EVDO), Next 

Generation Network (NGN) and Optical Network Unit (ONU) based network services. It has about 4,691,858, 

1,040,525 and 763,282 GSM, CDMA and PSTN subscribers all over the country. In addition, it has 2,520 

numbers of BTS with 1,937 GSM and 580 CDMA BTS [5]. All these telecommunication stations at different 

location required efficient design and reliable power network. This paper gives an overview of existing power 

network of Base Transreceiver Station (BTS) at NT and present technical and economic assessment for proper 

selection of technologies on Diesel Generator (DG), hybrid DG/Battery and hybrid PV/DG/Battery as a backup 

power supply in the urban areas, and hybrid PV/Wind with Battery backup, PV with Battery backup and PV 

with FuelCell/Electrolyzer/Battery backup in the rural areas. 

EXISTING POWER NETWORK 

NT has used grid electricity, conventional energy and renewable energy sources to power its cellular mobile 

stations and network. In the urban areas, grid electricity with battery backup has been used, but, due to 

unavailability of continuous grid electricity (power outage about 12 hours/day), many BTS stations are down. 

It was reported that about 70 GSM and 8 CDMA BTS are down in Kathmandu only [6]. Also, the battery has 

not been efficiently design to have enough charging when grid electricity is available. It uses Valve Regulated 

Lead Acid (VRLA) batteries for short duration power backup and 15 KVA DG for long duration backup in the 

urban areas. It was reported that each BTS consumes about 3 liters of diesel per hour and for each 200 operating 

hours of DG, it consumes (6-8) liters of mobiles replacement [7]. The net present cost (NPC) of each 15 KVA 

DG is about $277,380 for 20 years project duration and cost of unit electricity generation is $3.22 for NT. Figure 

1 represents the NPC of DG associated with different components. It is clear from figure that the capital cost of 

DG is 10% of the NPC of the system and cost of the fuel is 77% of NPC. 

In the rural areas, NT has used solar energy with battery backup and hybrid solar and wind power system 

(HSWPS) with battery backup. It was reported that HSWPS installed at remote sites of NT has only a reliability 

of 63.4% [4].  

 

Fig.1. NPC of diesel generator 
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PROPOSED SOLUTIONS 

In the urban areas, the grid electricity is available, but, due to large power outage (about 12 hours/day), proper 

selection of backup technologies with grid electricity based on technical and economic assessment of DG, 

hybrid DG/Battery, hybrid PV/DG/Battery is conducted for the urban areas. Since, the wind speed varies with 

geographical location and altitude, the technical and economic assessment of the wind turbine in the urban areas 

are neglected since the average wind speed during a year in these areas are below 3 m/s.  For the rural areas 

where wind resources are feasible, the assessment PV/Battery, Wind/Battery and hybrid PV/Wind/Battery is 

conducted. In some rural areas, the wind resources may be unavailable, and for these stations, the assessment 

of PV/Battery and PV/FuelCell/Electrolyzer/Battery is performed. In the fuel cell system, hydrogen is delivered 

to the fuel cell stack in one of the two ways: either from commercial grade hydrogen supply or from electrolyser. 

In the urban areas, the DG, PV and battery tied with grid electricity is enough to meet the load demand, so, fuel 

cell system is only applied to the rural areas. The solutions like fuel cell system using bottled hydrogen are only 

practical for limited hours and hydrogen delivery and storage for the rural areas or remote stations could be very 

challenging for NT. So, the electrolyser based fuel cell system is taken into consideration for this study so that 

the excess energy could be stored in both battery and electrolyser. The detailed technical and economic 

assessment for each of the system components used for this study is detailed below with mathematical models. 

PV Array Model: 

The power generation from PV can be expressed as a function of non-linear characteristics and the PV array 

equivalent current, 𝐼𝑝𝑣, can be expressed as a function of PV array voltage, 𝑉𝑝𝑣, and is given by the equation (1) 

[8], where 𝐼𝑠𝑐 is the PV panel short circuit current at hour t [A], 𝐼𝑚𝑎𝑥 is the PV panel current at the maximum 

power point at hour t [A], 𝑉𝑚𝑎𝑥=𝑉𝑝𝑐 is the PV panel maximum voltage at the maximum power point at hour t 

[V] and 𝑉𝑜𝑐 is the PV panel open circuit voltage  at hour t [V]. 

𝐼𝑝𝑣 = 𝐼𝑠𝑐{1 − K1[𝑒
K2𝑉𝑝𝑣

𝑚−1]}    (1) 

K1 = 0.01175 ; K2 =
K4

𝑉𝑜𝑐
𝑚; 𝑚 =

𝑙𝑛(
K3
K4
)

𝑙𝑛(
𝑉𝑚𝑎𝑥
𝑉𝑜𝑐

)
 

K3 = 𝑙𝑛 [
𝐼𝑠𝑐(1+K1)−𝐼𝑚𝑎𝑥

K1𝐼𝑠𝑐
] ; K4 = 𝑙𝑛 [

1+K1

K1
] 

The PV cell temperature changes due to change in outside air temperature and these effects is given by the 

equations (2-3) [8], and PV panel operating cell temperature can be calculated from the equation (4) which is 

based on the energy balance equation proposed by Duffie et al. [9], where Δ𝐼𝑝𝑣 is the change in current due to 

the operating temperature [A], Δ𝑉𝑝𝑣 is the change in voltage due to operating temperature [V], �̌�𝑡 is the hourly 

irradiance on a tilted surface [W/m2], 𝑇𝑐 is PV panel operating at temperature at hour t [0C], 𝑇𝑟𝑒𝑓 is the PV panel 

temperature of 250C at reference operating conditions [0C], 𝜇𝐼𝑠𝑐 is the temperature coefficients for short circuit 

current [A/0C], 𝜇𝑉𝑜𝑐  is the temperature coefficients for open circuit voltage [V/0C], 𝑇𝑎  is the ambient 

temperature of the site under hour t [0C], 𝑈𝑙 is the overall heat coefficients (W/m2/0C), 𝜏 is the transmittance 

coefficients of PV cell, 𝛼 is absorptance coefficients of PV cells and 𝑁𝑂𝐶𝑇 is the nocturnal operating cell 

temperature [0C]. 

Δ𝐼𝑝𝑣 = 𝐼𝑠𝑐 (
�̌�𝑡

𝐺𝑟𝑒𝑓
) + 𝜇𝐼𝑠𝑐(𝑇𝑐 − 𝑇𝑟𝑒𝑓)   (2) 

Δ𝑉𝑝𝑣 = 𝜇𝑉𝑜𝑐(𝑇𝑐 − 𝑇𝑟𝑒𝑓)    (3) 
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𝑇𝑐 = 𝑇𝑎 + �̌�𝑡 (
𝜏𝛼

𝑈𝑙
)     (4) 

𝜏𝛼

𝑈𝑙
=
𝑁𝑂𝐶𝑇 − 20

800
 

The net power from PV panel (𝑃𝑃𝑉) is given by the equation (5). 

𝑃𝑃𝑉=(𝐼𝑝𝑣+∆𝐼𝑝𝑣)×(𝑉𝑝𝑣+∆𝑉𝑝𝑣)    (5) 

The number of PV panels connected in the series, 𝑁𝑃𝑉 , is given by the equation (6), where 𝑈𝑏𝑢𝑠 is the bus 

voltage of telecom network (48V for this study) and 𝑈𝑛𝑜𝑚,𝑃𝑉 is the nominal PV panel voltage. 

𝑁𝑃𝑉 =
𝑈𝑏𝑢𝑠

𝑈𝑛𝑜𝑚,𝑃𝑉
      (6) 

Wind Turbine Model: 

The wind resources available at the hub height of wind turbine (WT) is different from wind resources available 

at the measurement, so the wind speed height adjustment is required and is given by the equation (7) [10], where 

𝑣 is the wind speed estimated for the hub height 𝑧, 𝑣0 is the wind speed at reference height 𝑧0 and  𝛼 is the 

surface roughness coefficient and is usually taken as 1/7 [10]. 

𝑣 = 𝑣0 (
𝑧

𝑧0
)
𝛼

     (7) 

The output power available from the WT, 𝑃𝑊𝑇(𝑣), is based on Chou and Corotis model [11] and is given by the 

equation (8), where 𝑣𝑐𝑖 is the cut-in wind speed of WT, 𝑣𝑟 is the rated wind speed of WT, 𝑣𝑐𝑜 is the cut-out 

wind speed of the WT, 𝑣𝑚 is the median wind speed,  and 𝑃𝑅 is the rated power of the WT. 

𝑃𝑊𝑇(𝑣) =

{
 
 

 
 
0                                             𝑣 ≤ 𝑣𝑐𝑖; 𝑣 > 𝑣𝑐𝑜
𝐴 + 𝐵𝑣 + 𝐶𝑣2                    𝑣𝑐𝑖  < 𝑣  ≤ 𝑣𝑟 
𝑃𝑅                                                𝑣𝑟 ≤ 𝑣 ≤ 𝑣𝑐𝑜 

          
                      

 (8) 

𝐵 = 𝑃𝑅

(
𝑣𝑚
𝑣𝑟
)
3
(𝑣𝑟

2 − 𝑣𝑐𝑖
2) − (𝑣𝑚

2 − 𝑣𝑐𝑖
2)

(𝑣𝑟 − 𝑣𝑐𝑖)(𝑣𝑟 − 𝑣𝑚)(𝑣𝑚 − 𝑣𝑐𝑖)
 

𝐶 =
𝑃𝑅 − 𝐵(𝑣𝑟 − 𝑣𝑐𝑖)

𝑣𝑟
2 − 𝑣𝑐𝑖

2
 

𝐴 = −𝐵𝑣𝑐𝑖 − 𝐶𝑣𝑐𝑖
2 

𝑣𝑚 =
𝑣𝑐𝑖 + 𝑣𝑟

2
 

The wind speed is not continuous in time and Rayleigh distribution is used in this study to characterize the wind 

speed distribution. The probability density function, 𝑓(𝑣),  of the Rayleigh distribution is given by the equation 

(9) [12], where 𝑣𝑎𝑣𝑔 is the average wind speed distribution. 

𝑓(𝑣) =
𝜋

2

𝑣

𝑣𝑎𝑣𝑔
2 𝑒

−[
𝜋

4
(

𝑣

𝑣𝑎𝑣𝑔
)
2

]
    (9) 
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Assume, 𝐾 =
𝜋

4𝑣𝑎𝑣𝑔
2 , the proabability density function in equation (9) can be further expressed as: 

𝑓(𝑣) = 2𝐾𝑣𝑒−𝐾𝑣
2
    (10) 

Thus, total power available from the WT, 𝑃𝑊 ,  is given as: 

𝑃𝑊 = ∫ 𝑃𝑊𝑇(𝑣) 𝑓(𝑣) 𝑑𝑣
∞

0
    (11) 

Using equations (8) and (9), the power available from wind turbine in equation (11) can be generalized as: 

𝑃𝑊 = ∫ 2𝐾𝑣(𝐴 + 𝐵𝑣 + 𝐶𝑣2) 𝑒−𝐾𝑣
2𝑣𝑟

𝑣𝑐𝑖
𝑑𝑣 + 𝑃𝑅 ∫ 2𝐾𝑣 𝑒−𝐾𝑣

2𝑣𝑐𝑜
𝑣𝑟

 𝑑𝑣               (12) 

Battery Model: 

The battery is modeled based on the state of charge (SOC) condition. The SOC of charging and discharging of 

the battery can be calculated from equations (13) and (14) respectively [13], where 𝜂𝑏𝑎𝑡 is equal to the round-

trip efficiency in the charging process and is equal to 100% in discharging process, 𝑈𝑛𝑜𝑚,𝐵  is the nominal DC 

voltage of individual battery,  Δ𝑡 is the hourly time step and is equal to 1 hour interval, 𝑃𝐿is the cellular mobile 

station power load and 𝑃𝑆is the total power supplied to these stations, which can be any sources like PV, Wind 

or grid electricity based on the different assessment carried in this study. 

𝑆𝑂𝐶(𝑡 + 1) = 𝑆𝑂𝐶(𝑡) + 𝜂𝑏𝑎𝑡 (
𝑃𝑆(𝑡)−𝑃𝐿(𝑡)

𝑈𝑛𝑜𝑚,𝐵
)Δ𝑡  (13) 

𝑆𝑂𝐶(𝑡 + 1) = 𝑆𝑂𝐶(𝑡) − (
𝑃𝐿(𝑡)−𝑃𝑆(𝑡)

𝑈𝑛𝑜𝑚,𝐵
)Δ𝑡  (14) 

The nominal capacity of the battery bank,𝐶𝑁, is the maximum state of charge of the battery and is given by the 

equation (15), where 𝑁𝐵 is the total number of batteries and𝑁𝐵,𝑠 is the number of batteries connected in series 

and 𝐶𝐵 is the capacity of the battery.  

𝐶𝑁 =
𝑁𝐵

𝑁𝐵,𝑠
𝐶𝐵      (15) 

The minimum state of charge of the battery, 𝑆𝑂𝐶𝑚𝑖𝑛,  is set to lower limit which does not discharge below the 

minimum state of charge and is expressed in equation (16) [13], where 𝐷𝑂𝐷 is the depth of discharge of battery 

and 𝑆𝑂𝐶𝑚𝑎𝑥 is the maximum state of charge. 

𝑆𝑂𝐶𝑚𝑖𝑛 = (1 − 𝐷𝑂𝐷)𝑆𝑂𝐶𝑚𝑎𝑥    (16) 

Diesel Generator Model: 

The energy generated by the DG, 𝐸𝐷𝐸𝐺, with rated output power,  𝑃𝐷𝐸𝐺, is given by the equation (17), where, 

 𝜂𝐷𝐸𝐺 is the efficiency of the DG.  The efficiency of the DG operates between 80 % and 100% in kW power 

rating. 

𝐸𝐷𝐸𝐺 = 𝑃𝐷𝐸𝐺  𝜂𝐷𝐸𝐺     (17) 

 

Fuel Cell Model: 

Fuel Cell is an electro-chemical device where chemical energy of hydrogen is directly converted into electrical 

energy. The fuel cell system taken into consideration for this model consists Fuel cell, Electrolyzer and 
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Hydrogen cylinder.  The efficiency of fuel cell, 𝜂𝐹, depends on thermal efficiency,  𝜂𝑇ℎ, electric efficiency, 

𝜂𝑒𝑙𝑒𝑐, and reaction efficiency, 𝜂𝑅, and is given as: 

𝜂𝐹 = 𝜂𝑒𝑙𝑒𝑐  𝜂𝑇ℎ  𝜂𝑅    (18) 

The efficiency of the fuel cell is higher than the thermal power plant and it can converts up to 60% of chemical 

energy into electrical energy.  Electrolyzer is just a vessel filled with an electrolyte in which electrodes are used 

to carry out the electrolysis process. The hydrogen tank is used to store the hydrogen produced from the 

electrolyzer.  The hydrogen production from the electrolyzer, 𝑛𝐻2, [moles/sec] can be calculated from equation 

(19) [14], where, 𝜂𝐹  is the faraday efficiency, 𝜂𝐸𝐿  is the number of electrolyzer cells in series, 𝐼𝐸𝐿  is the 

electrolyzer current [A] and 𝐹 is the Faraday constant [Ck/mol]. 

𝑛𝐻2 =
𝜂𝐹 𝜂𝐸𝐿 𝐼𝐸𝐿

2 𝐹
     (19) 

The ratio between actual and theoretical maximum amount of hydrogen produced in the electrolyzer is known 

as Faraday efficiency and the Faraday efficiency is further calculated from the equation (20) assuming the 

working temperature of the electrolyzer is 400C. 

𝜂𝐹 = 96.5 𝑒
(
0.009

𝐼𝐸𝐿
−
75.5

𝐼𝐸𝐿
2)

     (20) 

Cost Model: 

The cost model is based on the levelized unit electricity cost and is defined as the total cost of the whole system 

divided by the energy supplied from the system (e.g. for the rural areas, the renewable energy sources like PV 

and wind, and for urban areas, the grid electricity with PV as a backup power sources or grid electricity with 

DG is taken into consideration for this study) and is given by the equation (21) [15], where 𝐿𝑈𝐸𝐶 is the levelized 

unit electricity cost, 𝐿𝐶𝐶 is the life cycle cost of the energy supply system,  𝐶𝑅𝐹 is the capital recovery factor 

and 𝐸𝑇𝑆 is the total energy sources provided. 

𝐿𝑈𝐸𝐶 =
𝐿𝐶𝐶 ×𝐶𝑅𝐹

𝐸𝑇𝑆 
     (21) 

𝐿𝐶𝐶 is the sum of net present value of the capital, installation and maintenance cost of the energy supply system 

for 20 years project duration. The capital recovery factor is further calculated from equation (22) which is the 

ratio that calculates present value of annuity (a series of equal annual cash flows), where, 𝑖 is the annual real 

interest rate and 𝑛 is the system life period in years. 

𝐶𝑅𝐹 =
𝑖(1+𝑖)𝑛

(1+𝑖)𝑛−1
      (22) 

The annual interest rate 𝑖 is equal to the nominal interest rate i′ and the annual inflation rate f ′ and is given by 

the equation (23). 

𝑖 =
i′−f′

1+f′
      (23) 

 

RESULT AND DISCUSSION 

This case study is applied to the Kathmandu Valley as one of the urban areas station and Dadakhara station as 

a rural areas. The daily load profile for the urban station and rural station is shown in figure (2) and figure (3) 

respectively. The monthly average meteorological data for the rural areas and urban areas is available from the 

meteorological station, so for the hourly synthetic generation of meteorological data, the methodology adapted 
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by Paudel [16] is taken into consideration to estimate monthly average data into hourly data for a year i.e. 8760 

hour in a year. The technical and economic database of the system components (PV, Wind, Battery) for this 

study is taken from [16]. But, for the economic assessment of the fuel cell system consisting fuel cell, hydrogen 

tank and electrolyzer, technical specification and cost associated is taken from Beccali et al. [17]. The rural 

areas under this study are based on the assumption that there are no grid electricity available and the systems 

are standalone. The assumptions carried on the urban areas are to meet the load demand only for 12 hours since 

rest of the power demand will be supplied from grid electricity.  

 

Fig. 2: Daily load demand in the urban areas 

 

Fig. 3: Daily load demand in the rural areas 

The urban areas consists DG, DG/Battery and PV/DG/Battery as a backup source. Figure 4 shows the variation 

of telecom load and diesel price ($/L) for the urban area and it is clear that when the diesel price is up to $2, 
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only DG backup is suitable for the telecom load between 530 Watt system, but for the load for broadband 

services (EVDO and 3G), DG/Battery backup is feasible till diesel price reach up to $2. However, the price of 

diesel is increasing day by day, so, the hybrid PV/DG/Battery power backup is feasible for all the stations in the 

urban areas. 

Figure 5 shows the assessment results for different configuration of the systems for the rural area of Dadakhara 

telecom station where the wind resources is available.  From the figure 5, it is clear that PV/Battery is feasible 

to meet the load demand up to 705 Watt if the wind speed is below 4.5 m/s and for the average wind speed 

greater than 7 m/s, Wind/Battery is feasible. But for the broadband services (3G and EVDO), only PV system 

with battery backup is not feasible to meet the broadband load demand. However, the average wind speed higher 

than 7 m/s is not available in most of the telecom station (except Jumla and Mustang, where the annual average 

wind speed is higher than 7 m/s), only Wind/Battery is not feasible.  So, most feasible solution is the hybrid 

PV/Wind system with Battery backup for the all telecom load including EVDO and 3G services. It should be 

noted that chosen site should have an average wind speed greater than 3 m/s since most of the wind turbine has 

cut in wind speed 3 m/s, which is the minimum wind speed where the wind turbine produces minimum amount 

of power. 

 

Fig. 4: Assessment of  DG, DG/Battery and PV/DG/Battery System as a backup power supply in urban Areas 
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Fig. 5:  Assessment of PV/Battery, Wind/Battery and Hybrid PV/Wind/Battery as a power supply sources in 

the rural areas 

 

Fig. 6:  Assessment of PV/Battery, PV/FC/Electrolyzer/Battery as a power supply sources in the rural areas 
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In the rural areas, where wind resources is not available, the assessment of PV/Battery and 

PV/FC/Electrolyser/Battery is carried out and the result is shown in figure (6). In the figure, y axis represents 

the fuel cell capital cost multiplier, which is the percentage of the fuel cell system cost to purchase a piece of 

equipment and used to adjust the future price downward based on anticipated technological improvements. It is 

clear from the figure that, PV/Battery is suitable for the telecom load up to 625 Watt (low power demand 

stations). However, for the broadband services (3G and EVDO) in that station, PV/FuelCell/Electrolyser/Battery 

is feasible since these stations have power demand higher than 625 Watt.   It is assumed that cost of fuel cell 

will be decreases up to 20% in the near future for the project duration 20 years and capital cost of Fuel Cell, 

Electrolyser and Hydrogen tank are 2500 ($/kW), 1000 ($/kWh) and 990 ($/kWh) respectively.  

CONCLUSION 

The power network for the telecom station of NT network is highlighted for the rural and urban areas. The 

technical and economical assessment of DG, hybrid DG/Battery and hybrid PV/DG/Battery as a backup power 

supply with grid electricity in the urban areas, and hybrid PV/Wind with battery backup, PV with battery backup 

and PV with FuelCell/ Electrolyser/ Battery as a backup power supply in the rural areas is performed. The result 

showed that only DG is not feasible solution, but, if the diesel price is above $2, PV/DG/Battery is suitable for 

the broadband services in the urban areas.  It is also known that for the rural areas standalone HSWPS is feasible 

only if the chosen site has an annual average wind speed greater than 4.5 m/s. The study, moreover, showed that 

PV/FuelCell/Electrolyser/Battery shows the most feasible solution in the rural areas where broadband services 

is provided and wind resources is not available.  
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