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Abstract: The objective of this paper is to explore feasibility of green power generation for
telecommunication system in Bangladesh. The possibility of solar, fuel cell as primary and backup power
source for base transceiver station (BTS) at telecom sites, local data transmission system ete. situated in
remote arca as well as in islands off the national grid or having poor electricity supply is deeply analyzed
here. Power assurance to BTS even in massive black out is the real headache of today’s global world.
Among various types of fuel cell proton exchange membrane fuel cell (PEMFC) and an upgraded
photovoltaic system (solar) have introduced here. Enhancing the PEMFC efficiency to 57.26% and lifetime
of PEMEC is also conceptualized in this papetr. Not only power assurance but also environmentally friendly
technology has also given deep concern.
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Introduction: Mobile telecommunication system or basically cellular network is a combination of base
transceiver station, mobile switching center ete. These stations and switching centers need continuous
power supply even in black outs. As traditional backup power supply lead acid battery and diesel
generator (DG) are familiar. But they have major disadvantage of sulfation and pollution, noise, high
cost, low efficiency of 33% respectively. At present only 10% of rural households have electricity [1]. In
a prediction, national grid of Bangladesh might be capable of giving electricity to some parts of
Bangladesh within next 30 years. In addition, On November 01, 2014 Bangladesh faced massive blackout
[2]. The whole country was without electricity for 10 hours. Such blackouts can be happened anytime for
any reason such as natural disaster or power grid failure. BTS situated in remote areas having no national
grid supply. Addition to that in islands, primary and secondary both power supplies has to be ensured. At
the rest of the places, BTS have to be equipped with backup power supply.

Operation of Fuel Cell: The operation of fuel cell is alike a battery. Chemical energy of a fuel cell and
oxidant is converted into electricity. Usually Hydrogen, the fuel is derived from natural gas, electrolysis
of water or biogas. Fuel cell doesn’t need any recharging. There are various types of fuel cells. Table 1
shows them with features. Ramos et al. argued that with specific reactant flow pressure & between ranges
of operating temperature, PEMFC is far better option [3-5].

Proton Exchange Membrane Fuel Cell (PEMFC): Krishna et al. concluded that the low operating
temperature is not capable of taking so much time to warm up and to start generating electricity.

PEMFC has the lowest operating temperature between 600-1000°C with an efficiency of 35%-45%
which means it needs seconds to start up [6]. Alkaline fuel cell (AFC) is also very fast starting and have

Article history: Corresponding author detafls:

Received 20 November 2017, E-mail addreys: mubin ece_kuet@gmail com
Received in revised form 20 December 2007 Tel: + 8807 722095042

Accepted 27 December2017,

Available anline 30 March 2015 Copyright © 2018 BAUET, all rights reserved

Volume 01, Issue 02, 2018 Page 71



a good efficiency (40%-50%) but PEMFC
have very much greater power density (about
3.8-6.5 KW/m") than all others [7-9]. Besides
it comes in various configuration allowing

plug and play installation [10]. MCFC, SOFC Hydro —
have high operating temperature and works _
better than the conventional power plants. Fig =0 Se'y -
1 represents PEMFC. Generally, hydrogen is 0 &
used as fuel which can be easily produced by 0
biogas as Bangladesh is an agricultural country
[L1]. A report says Bangladesh had waste v o 0
disposal of 22.4 million tons/year and it is 0 o
predicted to have 47064 tons/day in 2025 [12- JPu— —
13]. So it is not a big deal to arrange sufficient Exceas Water
amount of hydrogen for the fuel cells to be Hydrogen
installed Fig.1: Structure of PEMFC. [19]
Table 1. Various Types of Fuel Cell [14-16]
Fuel Prime cell Fuel Power density Efficiency Operating
cell components KW/m® temperature ("C)
H25 o
PEMFC Carbon CHOH 3.8-6.5 30-45% 60-100
AFC Carbon H, 1.0 40-50% 100-250
PAFC Graphite H; 0.8-1.9 55% 150-250
MCFC Stainless steel co 1.5-2.6 55-65% 500-700
SOFC Ceramic co 0-1.5 55-65% 700-1000

Development of Fuel Cell Technology for Mobile Network:
Many countries have been already introduced with fuel cell in the
matter of mobile telecommunication system inluding neighboring
country India [17]. Pereiara et al. expected in a case study that in
2020 sales of fuel cell is to be reached at 100000 units/vear in
Europe as 17000 units sold till 2012 [18]. The commPac which is
shown in Fig. 2 indicates that 5 KW contains 60 KWh of energy.
At the outside of the cabinet hydrogen cyclenders can be added.
Case study shows that based on 6 cyclinders at 8.5 Nm® at 200
bars each, a 5 KW commPac operates for 15 hours [19-21]. At
menville telecom site during 5 months of experiment AXANE
got 2900 hours of operation, 2.6 MWh is produced, 1000 hours’
average lifetime for membranes and 1 month of operation

without any interruption.

Fig. 2: Comm Pac Balises (60 kWh) [19]
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Nokia Siemens Networks have developed a fuel cell system. The system is designed especially for base
stations and available in either methanol fuelled or direct hydrogen configuration. Nokia Siemens
Networks and Ballard Power System won E-Tech award at CTIA 2013 in “Green Telecom and Smart
Energy Solutions™ category [22]. Ballard’s FCgen-1020ACS is expected to see expansive deployment
across several large markets [23].

Enhancement of Efficiency and Lifetime of
PEMEC: Luna et al. proposed a non linear model
predictive control strategy fo ensure maximum
active area in the cathod catalyst layer (avoiding
fuel) and oxidant starvation at both sides of the
fuel cell; providing 57.26% efficiency [24-26].
According to the given simulation, development of
a real PEMFC based system is in progress. A
sysnthetic driven cycle based on new European
driving cycle (NEDC) was used to experiment the
control strategy [27].

Solar Cell: N type and P type silicon has free
electrons and holes respectively. Sun ray consists
of photons, impact with negative charged D Free electron
electrons. So electrons loose from atoms and cause €9 Fras holes
electric potential difference. Due to the structure
current starts flowing [28-30]. Schag et al
concluded that an accurate and efficient solar
tracking system using image processing and LDR sensors increase 30% efficiency of solar panel [31].
They suggested PLC to control many solar panels and Raspberry Pi instead of using computer to
minimize the cost [32-33]. Fig. 3 gives a perspective of operating principle of solar panel.

Fig. 3: Solar panel construction [28]

Cost Analysis: R.K pachauri et al conducted a case study in India of 3 outdoor BTS including a 10 KVA
diesel generator and 48 V, 600 Ah battery [34-35]. Average electrical power demand of that site was 2.52
KW [36]. Solar and fuel cell have average life time of 25 years and 26000 hours respectively. [t is seen
that cost of PV and FC energy is 310.76 INR/day; for 6 hours/day and 14 hours’/day operation
respectively. The battery bank of 600Ah supplied power for 4 hours/day. This scenario can be similarized
for BTS at remote places or in islands having no national grid supply [37].

On the other hand, it was 794.16 INR/day while using diesel generator set for & hours/day and rest of the
time grid supply and 600Ah battery bank power supplied. In this case total cost is 997.16 INR/day [38-
39]. Instead of diesel generator, if fuel cell is used for 8 hours/day, cost would be 171.69 INR/day. So
total cost will be now 374.69 INR/day [40-41]. This perspective can be similarized for BTS at urban and
rural areas where load shedding is a common scenario. Ballard Power Systems received initial 100-unit
order from Reliance Jio Infocom for backup power system at India in 2015 [42]. It is a matter of great
regreat that this fuel cell technology is not introduced yet in Bangladesh.
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To visualize the cost of fuel cell and compare with cost of diesel generator at Bangladesh, a case study is
conducted. A 10 KVA Kirloskar SEKG10ASS diesel generator set of 10000 hours’ lifetime costs 370000
BDT in Dhaka. According to Bangladesh petroleum corporation price of diesel is 65 BDT/liter [43-45].
The generator consumes 1.25 litre/hour. Table 2 shows estimated total cost 3222500 BDT for 26000
hours of operation. To compare we equalize both cases for the same time period (26000 hours).

In the case of 3 KW Horizon PEM fuel cell, Table 3 shows estimated total cost 1611977 BDT (including
installation cost of 11570 8) for 26000 hours of operation [46]. The exchange rate between USD and BDT
is 1:78, INR and BDT is 1:1.27, British pound and BDT is 1:107.40 according to Bangladesh bank [47].

Table 2. Cost Analysis of Diesel Generator

10 KVA diesel generator Estimated Level of cost for 26000 hours (BDT)
Installation cost 370000 x 2.6 times = 962000

Fuel cost 65x1.2x26000= 2112500

Total cost 3074500

Table 3. Cost Analysis of Fuel Cell

Horizon 3 KW PEMFC Estimated Level of cost for 26000 hours (BDT)
Installation cost 11570 § < 78 = 902460

Fuel cost {(171.9 INR % 1.27)/8} 26000 = 709517

Total cost 1611977

For IPS sytem, Rahimafrooz JUMBO 10 KVA, 7500 watts and 15 units of 150 Ah IPB150TT battery of
tall tabular plate was selected. These cost 499000 BDT and 255300 BDT respectively, a total amount of
754300 BDT with a warranty of 30 months [48-50]. Table 4 gives a clear view of this. [PS system will act
as backup power source.

Table 4. Cost Analysis of Is System

System Estimated Installation cost for 10000 hours
(BDT).

IPS 10 KVA , 7500 W 499000

Battery 150 Ah (1 life time) 17020 x 15 units = 255300

Total 754300

For solar system to generate 3 KW, 21 sq. meter solar is required; which costs about 644400 BDT. 15
units of 150 Ah battery is also required [51]. Table 5 makes a clear perspective.
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Table 5. Cost Analysis of Solar System

Solar 3 KW Estimated cost for 10000 hours (BDT)
Panel 21 sq m. £6000x107.4 =644400 BDT

Battery 150 Ah 17020 x 15 units =255300

Total 899700

In this circumstances stated above it can be concluded that using of PEMFC instead of diesel generator
saves about 1462523 BDT (saving of 47% with respect to diesel generator) over the period of 26000
hours.

If IPS, solar and diesel generator (D) acts as secondary power source; the data of table 2 is needed to be
equalized. Installation cost of DG will (37000BDT/10 years) =37 BDT/hour. For 8 hours it would be 37 =
8 = 296 BDT excluding fuel cost of 78 BDT/hour if load shedding of 8 hours/day is assumed [52]. Table
6 gives a better view of these data. Diesel generator as secondary power source costs 1150000 BDT for
the same time period of IPS, solar system is said.

Table 6. Cost Analysis of Diesel Generator and Pemfc as a Backup Power

10 KV A diesel generator Estimated cost for 10000 hours (BDT)
Installation cost (1 unit= 10000 hours) 370000

Diesel 78x10000=780000

Total 1150000

PEMEFC (1611977/260000) x10000=619991

Analyzing all the data Fig. 4 shows, as secondary power source, saving of IPS, solar, PEM fuel cell are
35%, 22%, 46% respectively with respect to diesel generator. Fuel cell power plants are already in
operation all over the world including the largest fuel cell power plant of 59 MW in Hwasung city at
South Korea [53].
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Fig. 4: Level of cost (BDT) v/s technology
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Future Scope: Nernst is the ideal standard voltage [54]. Activation voltage drop, ohmic voltage drop,
concentration voltage drop affects the efficiency of fuel cell. To manage the power flow fuzzy logic
parameter tuning is to be used. It will keep balance between FC and battery. Lyapunov theory shows
relativeness. MATLAB simulation shown in [55] gives rise to this possibility. The efficiency is tried to be
increased more.

Discussion: For both primary and secondary power supply PEM fuel cell is better. Diesel generator
causes environment pollution and costly; infact it costs near to double of PEMFC. Fuel cell, solar are
renewable energy but IPS is just an instant solution for a rich class of buyers. The national grid doesn’t
get supported by using IPS. Renewable energy decreases the demand on national grid power supply and
fossil fuels as most of our power plants are based on fossil fuels. According to BPDB 62.97% of our total
electricity generation comes along from natural gas [56-57). The analysis points out that PEMFC can be
used in islands also, not only for BTS but also for whole locality. Fuel cell based power plant have
already installed in developed countries and operating. The world is going after renewable energy and
efficient technology; fuel cell is the best one,

Conclusion: Massive blackout isn’t unfamiliar to Bangladesh. However, load shedding is a common
scenario in Bangladesh and there are certain locality having no access to the national grid but mobile
telecommunication has to be established there also. As secondary power source for telecommunication,
fuel cell is remarkable since they have low cost than others, easy to maintain, available fuel management,
efficient technology and eco-friendly. Bangladesh has large telecom market (since densely populated
country) where fuel cell industries are willing to invest. This paper succesfully visualize the necessity of
introduction to fuel cell as well as renewable energy in Bangladesh telecom sector. It also emphasizes on
the use of renewable energy instead of traditional diesel generator for environmental safety and which
will make the world a better place to live.
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