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ABSTRACT 

Energy can be termed as the life blood of the telecommunication industry even its 

technologies had evolved very rapidly. The concern is focused not only on the way of the 

energy is supplied, but also on the continuity of the supply and the cost of the same are 

critical concerns in the industry. 

With the ever-increasing price of the fossil fuel and the commercial electricity supply which 

depends on the fossil fuel, telecommunication industry had begun the seeking of options 

with renewable energy. The inherent limitations of renewable energy were identified and 

introduced the hydrogen storage concept in to the renewable energy conversion system to 

overcome them and maintain an un-interruptible power supply. 

Under this research, the determination of the optimum composition of the system 

components is done which yields the best advantage of the proposed technological concept. 

Since the cost is a major concern when it comes to the industry, a mathematical model had 

been developed to perform the techno-economic analysis of the viability of deploying 

hydrogen storage with renewable energy system to power a given base station site under Sri 

Lankan context. In addition, the sensitivity analysis was performed taking the price of inputs 

as variables. 

Tool HOMER had been used to validate the results of the developed mathematical model. 

The developed model can be used to check whether the telecommunication operator can omit 

the capital expenditure of Diesel generator and Battery bank when investing on the power 

system for a particular base station site. 

 

Key words: Techno-economic analysis, Hydrogen Storage, Optimum Cost. 
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1 INTRODUCTION 

1.1 Background 

The energy supply being the life blood of the oxygen of the telecommunication industry 

in an environment which the price of energy keeps increasing, the telecommunication 

operators now tend towards the options of renewable energy where possible. Since the 

telecommunication industry desperately requires the continuous supply of energy to the 

systems without interruption, the challenge is because of the inherent limitations of 

commonly renewable energy. The mostly available renewable sources are wind and 

solar when the intended usage is concerned and this study limits analysis to use solar as 

the source of renewable energy. 

In general, the common practice among Sri Lankan telecommunication operators is to 

employ the solar power system with a battery bank and a diesel generator at base station 

sites to generate power when solar radiation is not available. Here the 

telecommunication equipment are powered by solar energy and the batteries get charged 

with additional electricity generated. The energy stored in the batteries is used to power 

the system when the solar radiation is not present. The gap of the requirement and 

supply of energy is filled up by the diesel generator and the excess is again stored in the 

batteries for latter usage. This coordination is governed by a solar controller unit. 

Under this practice, the battery bank experiences the cycles of deep charging and 

discharging which causes the reduction of life time of batteries. In addition, the diesel 

generator operates for a considerable time portion in a day. 

Based on above, it is worth to look for room for further improvements of the way of 

utilizing the way of harvesting the solar energy in to electricity for telecommunication 

base station sites in the sense of overall of techno-economic viability. 

 



2 

 

1.2 Problem statement / justification 

Because of the deep charging-discharging cycles undergone with the battery banks, the 

life time of the batteries is reduced by a great extent. As such a battery bank used with a 

traditional solar power system is to be replaced within 2-3 years in general practice, it 

adds a substantial cost impact in the form of operational expenditure of the site, when 

the financial performance is considered. In addition, the capital expenditure to be 

invested on the diesel generator is considerable as well as the routine maintenance cost 

of the same. Because of the decreasing price of the telecommunication services in Sri 

Lanka, the above-mentioned cost centers are considerable concern to the Engineers and 

financial managers of the telecommunications industry. 

It is worth to conduct a research to find out the available options to omit the above-

mentioned limitations along with their technical capabilities and economic viabilities in 

practical scenario. 

1.3 Motivation 

The outcome of this project is to the check the techno-economic viability of introducing 

the Hydrogen storage concept for the solar power system in a telecommunication base 

station site and to derive the most cost optimum configuration of system components. It 

will help the decision makers of the telecommunication operators to minimize the 

overall cost of energy used for the operation, while maximizing the investment made on 

the deployment of solar power systems at base station sites.  

1.4 Objectives of the study  

The Objective of the study is to perform the techno-Economic analysis of employing on-

site Hydrogen production & storage systems with renewable energy for telecom sites in 

Sri Lanka. 

1.5 Methodology 

For the timely completion of the research, the work flow was arranged in the manner 
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given below. 

i. Literature Survey 

Under the literature survey, literatures in relation to on-site Hydrogen production 

by solar energy and usage of renewable energy for telecom base stations were 

referred. Some of the papers contained only the direct usage of solar energy and 

some papers contained only the technical viability. None of them were extended 

to developing of a mathematical model for the concept. 

ii. Gathering of data from the telecommunication network 

Data on historical practices entangled with solar energy systems used in the 

telecommunication networks under Sri Lankan context is vital to determine the 

direction of the research. In addition, the general distribution of power usage of 

base station sites of a telecommunication network is essential to evaluate the 

technical viability of the concept. 

 

iii. Data gathering on the technological development of the concept in the 

industry 

Various advancements of the technologies which are connected with the 

proposed system components are to be studied along with the cost of them which 

those can be found at the market. These data is essential to determine both the 

technical and economic viability of the concept. 

 

iv. Modeling. 

The system is modeled in the HOMER tool against the parameters of the given 

arbitrary base station sites and determine the configuration optimum to the case.  

 

Mathematical model for economic viability is formulated using the equations 

derived on the behavior of the system components.  

v. Defining cases for simulation. 

The cases were selected and defined using the energy consumption of base 

station sites considering the distribution of same against the availability of land 
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area to deploy sufficient number of solar panels. The geographical distribution of 

base station sites was considered when defining the cases to account for the 

viability against different solar radiation patterns. 

 

vi. Validation of the results 

The results obtained in this research were validated against the results of the 

model developed using HOMER.  

1.6 Contributions 

Owing to the intensified rivalry among the competitor operators in the present 

telecommunication industry, every operator focusses on the technological advancements 

in every area which yield them the cost leadership above others. Energy is the 

commodity which none of them can get negotiated with using their bargaining powers 

gained through economies of scales or market position. Hence the investments on 

renewable energy had been increased, but no operator started deviating from traditional 

renewable setup seeking unseen advantages over others. 

The outcome of this study will check whether that the battery bank, which requires 

frequent replacement can be completely omitted from the picture of renewables when 

Hydrogen storage is introduced. Further, the technical viability and the economic 

feasibility of the proposal in connection with a given arbitrary base station site will be 

determined with technical and economic parameters for the easy decision making by 

Engineers and financial managers in the industry. Finally, the below listed benefits will 

be yielded by the outcomes of this study. 

 Ease in decision making for the investors and Engineers 

 Improved cost savings encourage the investments on renewable energy 

o Environment will be benefitted 

 Reduces the usage of batteries 

o Environment will be benefitted  
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2 LITERATURE REVIEW 

A thorough literature review was done at the outset of this research to identify the 

benefits and concerns of having a Hydrogen storage. In addition to above, later the 

literature review was focused on the technological developments of the concept and the 

possible measures to be taken with the Hydrogen storage when the safety factors are 

considered. Further, the already published research papers were reviewed to identify the 

limitations and the rooms for further extensions of the scopes of them come under the 

described concept. 

There are a considerable number of researches had been carried out in the area of 

renewable energy to check the viability of utilizing of renewable sources optimally to 

generate and supplying of reliable electricity supply using various types of software 

tools [5]. The software tool HOMER had been used for most of the cases for the purpose 

analyzing the stand-alone renewable energy systems [6], [7]. 

Since the scarcity of the fossil fuel is most likely to threat the world energy sector within 

next couple of decades, the attention of numerous amount of research work had been 

grabbed by the topic and researchers have carried out a considerable number of studies 

to determine  the optimum system configurations for the scenarios even with the 

availability of commercial grid power [8], [9], [10], [11]. In general, the economic 

viability is more positive with the grid-connected configurations, as the possibility of 

entering in to net-metering agreements with the grid operator; but still the most of the 

studies carried out under the above topic, was limited to a few of case studies and not 

been extended up to a level of developing a tool to check the viability [12], [13], [14]. 

Deployment of Solar PV system for on-grid Dialog Axiata sites [1] 

One of the major publication referred for the study was Deployment of Solar PV system 

for on-grid Dialog Axiata sites. The above had discussed the technical feasibility and 

financial viability for 2 options of using solar PV as the source for telecommunication 

sites under Sri Lankan context. 
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1. Solar PV integrated to inverter DC bus 

Under this option, the system runs with the backing up of a battery bank and a 

diesel generator. 

2. Solar PV integrated with grid-tie inverter 

This option facilitates the feeding the extra energy in to the commercial grid 

under “Net Metering”. 

3. Hydrogen storage had not been considered 

Solar PV with Hydrogen storage for an Off-grid Telecom base station site [2] 

This publication incorporates the on-site production and storage of Hydrogen using the 

solar energy for a base station site. The researchers discuss the technical feasibility of 

using the concept for a particular site with an extra low load of 150 W. 

The location considered for the study was in a European country which accommodates 

only the 2G services in a site. This differs from the Sri Lankan context to a great extent 

where multiple types of base stations are served with different technologies with a 

minimum load of 500 W in average. In addition, the pattern of variation of solar 

radiation differs to a substantial extent from that of Sri Lanka. 

According to the study, the concept is technically feasible for the considered scenario. 

This study was limited to consider for a single site and not extended to formulate a 

techno-commercial model for an entire network. 

Optimization of Solar PV and Hydrogen supply system for a remote Off-grid 

telecom base station [3] 

The study carried out under the above topic, the considerations of the researchers were 

limited to the site loads less than 1kW. The scope was to check the technical viability 

under European context and the economic returns were not considered. 
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Techno-economic evaluation for Renewable Hybrid power solution for Off-grid 

telecom base station [0] 

Under this research, the authors have performed an economic analysis targeting a load of 

500W only. The focus was given to the Solar-Wind-Battery combination; the production 

and storage of Hydrogen at the site had not been considered. In addition, the possibility 

of utilizing the required area for solar panels at the site was not taken in to the 

consideration of the feasibility study. The study had been conducted under the Indian 

context which the service levels of the telecommunication industry shows considerable 

deviations from the Sri Lankan environment. 

 

2.1  General Information 

In general, the power supply required by telecommunications systems in the Sri Lankan 

context is 48V DC. By the nature of the business it is mandatory to maintain an un-

interruptible power supply for the system throughout. 

In practice, the network locations are segregated in to several layers namely Core, 

Aggregation & Access sites based on the network architecture and the importance of the 

particular site for stability of the rest of the network. The required backup mechanism 

and backup capacity of the power system for a site is decided based on the above-

mentioned layer which the site is categorized in to. Decision to deploy a diesel generator 

and the size of the required battery bank is determined under above criteria. 

The major motive to move towards the harvesting of solar energy for base station sites is 

in two aspects; 

1. Reduced cost 

2. Corporate social responsibility by moving to green options. 

Therefore, the solar power is generally used for the sites in access layer which are less 

critical when compared to the sites in other two layers. 
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In terms of cost, the optimization of both operational and capital expenditure will be the 

parameters to be considered prior to the making of the decision on any investment. 

Hence there is no difference with the investment decision on the solar energy system for 

power supply. At present, as the composition of the solar energy harvesting system is 

used in connection with batteries and diesel generator, the actual cost felt to the 

operation is fairly high as the frequent replacement of battery banks and the base cost on 

generator maintenance. DAP does not differ the size of the diesel generator from site to 

site when the solar PV powered site is considered. As a common practice, DAP used 

install a diesel generator with a rating of 10 kVA irrespective of the possibility of 

changing this with the other parameters.   In addition, the maximum possible utilization 

of the available solar energy is not met because of the limitation in storage. Therefore, 

the possibility of the business case to be positive is low when the cost is compared 

against the available other options. 

As at present the with the increasing trend of electricity tariff, operator organizations are 

seeking for the possibilities of maximization of the harvesting of solar energy to power 

the base station sites.   
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3 GATHERING OF DATA 

3.1 From the telecommunication network 

The base station sites in a telecommunication network are different from one another. 

The difference may be by the power load, cooling methodology, available land area (for 

solar for this interest of this research) etc. The network of Dialog Axiata PLC was taken 

as the sample space of sites for this research work, extracted the power load and the land 

area available within each of the sites for the purpose of data analysis. These data were 

extracted referring to the operator’s internal databases. A special focus was given to the 

details of the off-grid sites and the methodology of power supply for those. 

3.2 Gathering of data – Technical development 

In the industry, there are various methods for storing of energy harvested through a solar 

energy system. 

3.2.1 Net metering 

The virtual method of storing of energy is by entering in to a net-metering agreement 

with the operator of a large grid of electricity supply. Here, the excess of the harvested 

electrical energy is fed in to the grid and make the other customers of the grid can 

consume the same; later in the periods which no harvesting is done, the grid feeds the 

system. This virtually acts as a storage. 

3.2.2 Battery banks 

Having batteries installed in the system is one of the common practices use in the 

industry, especially in telecommunications industry under the discussed purpose. Here 

several types of batteries are used based on their specialties, and the requirements of the 

purpose of use as well as the cost component contaminated with the choice. 
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3.2.3 Hydrogen storage 

Storing the energy in the form of Hydrogen is one of the non-traditional concepts, which 

yield substantial benefits over other methods. Still there are negative impacts which are 

to be managed based on the requirements, to make the techniques feasible for the 

purpose. 

3.2.3.1 Storing as a gas 

Here the harvested energy is used to electrolyze the water and get the Hydrogen is 

separated and stored in the form of gas. Once the recovery of stored energy is required, 

the Hydrogen gas will be set to flow through a fuel cell to react with Oxygen in the 

environment and form water vapor again. While at the process, the flow of electrons 

between anode and cathode of the fuel cell, obviously from an electric current and the 

same can be taken out from the terminals of the fuel cell as recovery of the stored 

electrical energy. 

The major concern to be addressed when using a storage system for Hydrogen to be 

stored in the form of gas, is the safety as hydrogen is very explosive. Making the 

concern much more severe, the storage is to be done at a higher pressure in order to 

withdraw the stored gas for the usage in later time. 

As a safety concern, the allowable limit for Hydrogen composition in air is 4%. Any 

leakage causing the composition above this point is considered as flammable. Hence the 

considerations should be given to store the compressed Hydrogen gas in and well 

ventilated outdoor environment with proper safety valves are employed in the gas 

systems to minimize the risk of explosion. 

For further proactive measures, a surveillance system with Hydrogen leakage detection 

system is recommended to be installed at the locations where Hydrogen was stored in 

the form of a gas.  
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In addition to above concerns, another negative factor acts on Hydrogen gas storage is 

the energy to be consumed for the process of compression. Here an extra energy is to be 

consumed to compress the generated Hydrogen gas while at the point of storage. 

3.2.3.2 Storing as a metal hydride 

Storing the Hydrogen as a metal hydride is one of the safest methods which can be used. 

This method provides a very high storage density even greater than the liquid Hydrogen.  

The major limitations can be found in the method are that the low rate in release of 

Hydrogen back in the recovery cycle and the inability of controlling the flow of 

releasing of gas at the recovery. 

However, even whatever the storage method, here the overall system experiences an 

issue with the efficiency of complete cycle owing to the efficiencies of several 

processes. 
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4 ANALYSIS OF GATHERED DATA 

For the purpose of checking the viability of the proposed concept under the practical 

scenarios, the sample size of the gathered data is an essential factor. As there are five 

organizations engaged in the business of mobile telecommunications operators having 

their network spread almost all over the island. I selected the network of Dialog Axiata 

PLC (DAP), the leading mobile operator in Sri Lanka with the most number of base 

station sites in the country to check the practical viability of the proposed concept.  

The network of DAP consists of 3039 base station site locations with a spread over all of 

the administrative districts in Sri Lanka. There are 54 off grid sites which the power 

supply for the operations is managed locally. 41 sites out of the above 54 off-grid sites, 

powered through the fulltime operation of diesel generators with battery banks at site for 

the purpose of maintaining the uninterruptible power supply at a failure or shut down of 

the generator for maintenance purposes. 

The rest 13 of the off-grid sites are running primarily based on solar PV with the 

backing up of diesel generators and battery banks which are to be used when solar 

harvesting is not possible. 

4.1 Categorization of site – On power demand 

When the power demand of a site is considered, with the network, the variation ranges 

from 200W to 8000W. For the purpose of checking the feasibility of the proposed 

solution, the whole sample space was segregated in to 9 categories based on the 

demanded load in interval of 1000W. 
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Figure 4-1 Segregation of sites based on power demand 

Not only the power demand, but also the area available within the site premises is to be 

considered here for the purpose of deciding the maximum possible power which can be 

harvested using solar energy system at site. 

4.2 Categorization of site – On available land area 

In general, the available land area at a site, varies in a range from 300 square meters to 

1000 square meters. The above segregation shown in Figure 4-1 was re-segregated in to 

3 ranges for the ease in analyzing work as well as to increase the meaningfulness when 

the practical scenario is considered. 
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Figure 4-2 Re-segregation of power demand to accommodate information on area availability 

The area available within the sites was tabulated separately for each 3 categories of sites 

based on above segregation shown in Figure 4-2. 

 

Figure 4-3 Distribution of Available Area in Sites with Demand Less than 2 kW 

The above Figure 4-3 shows the number of sites fall in to each category identified based 

on the available land area within the sites which the total power demand is less than 2 

kW. 
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Similarly, below Figure 4-4 and Figure 4-5 show the area distribution for rest of the two 

categories of power demand between 2 kW – 4 kW and above 4 kW respectively. 

 

Figure 4-4 Distribution of Available Area in Sites with Demand between 2 kW - 4kW 

 

Figure 4-5 Distribution of Available Area in Sites with Demand over 4 kW 

With the above segregation, the basic set of information to be extracted from the 

network had almost reached the completion. This is for the purpose of the basic 

validation of the viability of the solution against the power requirement at sites and the 

practical probability of producing the same using the solar PV energy harvesting system.  
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5 MODELING OF THE SYSTEM 

The proposed concept includes the production and storing of the gas Hydrogen using the 

energy harvested from solar for the electricity generation at later time. The above 

generation of electricity is done using a fuel cell. 

To execute the above process, the system should be comprising of below basic 

components. 

 Solar PV panels 

 Electrolyzer 

 Hydrogen storage tank 

 Fuel cell 

In addition, the total power system to be deployed at the site, may have other 

components for the purpose of maintaining an uninterruptible power supply. 

 Diesel generator 

 Battery bank 

 rectifier 

At the stage of modeling the system components, the appropriate sizes of each of above 

components are to be decided. The pattern of the solar radiation at the site location and 

the power load of the site are the location specific factors. 

The above-mentioned system modeling is done using the HOMER tool and later the 

developed mathematical model is used to validate the techno-commercial viability of the 

solution under different scenarios. 

5.1 Overview of HOMER 

HOMER is a software tool to determine the optimum design for the micro-grids 

powered by multiple energy sources. The name, HOMER stands for Hybrid 

Optimization Model for Multiple Energy Resources. 
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The HOMER tool provides the flexibility to the designer to determine the components of 

the system which he wishes to have. Figure 5-1 shows the system components being 

modeled in using HOMER tool. The tool compute against the other facts and gives the 

optimum sizes of the components which the designer wanted to have. The output result 

of HOMER does not limit to the sizes of the components, but it provides the energy 

used/produced by each component and the amount of time which every component was 

in operation as well. 

 

Figure 5-1 System components Modeled in HOMER tool 

The tool retrieves the solar radiation pattern from the internet for a particular location 

when the GPS coordinates of the location is entered. It calculates the scaled annual 

average of solar intensity for the location given. Below Figure 5-2 shows the annual 

solar radiation being input to HOMER tool as an example. 
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Figure 5-2 Pattern of solar radiation over the year – As an input to HOMER tool 

The tool HOMER is capable of modeling the system against a time varying load; but 

here the load of a site is considered as constant over the time. Below Figure 5-3 shows 

the same as an example. 

 

Figure 5-3 Input of load data 



19 

 

5.2 Development of mathematical model 

In the process of developing a mathematical model for the behavior of the system, 

separate equations were derived for the technical function of each system component 

and the cost behavior of same. 

The behavior of each system component was considered in the process of deriving the 

mathematical equations to represent the technical functionality. In the meantime, as the 

output of the study is to be with the techno-economic feasibility of the proposed concept, 

the cost components entangled with the system were modeled by taking the accounting 

concepts of CAPEX, maintenance cost, fueling cost and depreciation etc. 

5.2.1 Solar PV panels  

Solar PV panels hold the responsibility of converting the energy incident on the panel in 

the form of radiation in to the electrical energy. The efficiency of the panels, solar 

incident angle based on the geographic location of installation, employment of solar 

tracking mechanisms were the factors which required a special consideration when 

building up the mathematical equations. 

Cost of maintenance, repairing, fueling are the factors to be considered under general 

operational expenditure. Under the case of solar PV panels, by nature of the operation, 

all of above factors are very negligible when the value of depreciation is considered. 

Hence only the conceptual cost of depreciation was considered as the total annual OPEX 

of the component. 

Below Figure 5-4 shows the building up of the two-equations derived for the functions 

of solar PV panels. 

 Electrical energy produced 

 OPEX per annum 
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Figure 5-4 Mathematical Equations - Solar PV 

5.2.2 Fuel cell 

Fuel cell is the component introduced in to the system for the purpose of extracting the 

chemical energy stored in the form of Hydrogen gas. When the gas Hydrogen flows 

through the fuel cell, the flow is arranged in a manner so that it gets contaminated with 

Oxygen to react and form water vapor. When the chemical reaction between Hydrogen 

and Oxygen, the flow of electrons forms an electric current with an energy equal to the 

enthalpy difference between the 2 forms of the matters, ie. O2 + 2 H2  2 H2O 

Similar to the case of solar PV panels, the equations on the operational functions of the 

fuel cell were derived as depicted in below Figure 5-5. Here, for the case of fuel cell, the 

annual OPEX includes a considerable portion of maintenance cost and hence the same 

was taken in to the account when the equation for the representation of cost factors was 

deriving. 
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Figure 5-5 Mathematical Equations – Fuel Cell 

5.2.3 Hydrogen storage tank 

Since there is no power generation linked with the Hydrogen storage tank, only one 

equation is to be derived linking to the same and that is for the operational expenditure 

(OPEX) of the tank. Here in this case the annual depreciation value of the tank as per the 

accounting books was considered as the total OPEX of the storage tank assuming the 

cost to be incurred on the maintenance work is minimal when compared with the 

depreciation of the capital investment. Figure 5-6 shows the derivation of the equations 

of Hydrogen storage. 

 

Figure 5-6 Mathematical Equations – Hydrogen storage 

5.2.4 Converter 

The functionality expected by the converter in the system is to manage the 

synchronization of the system between AC and DC power usage of components. Hence 

there will not be a generation or production of power from the converter, but it uses a 



22 

 

considerable energy to carry out its functionality and operation. Therefore, differing 

from other components discussed so far, the equation related to energy is to be derived 

to represent the energy consumption of the converter. The same scenario is applicable 

for the electrolizer as well. This is explained under 5.2.5 

Still the concept of mathematical equation on the cost components of the converter 

remains equal to the other scenarios discussed with other system components. Refer to 

Figure 5-7. 

 

Figure 5-7 Mathematical Equations – Converter 

5.2.5 Electrolizer 

Electrolizer also a component which uses the energy from the system to carry out its 

operational functionality. Hence similar to the concept explained for the converter under 

5.2.4, the energy consumed by the electrolizer was taken in to the consideration when 

the equation is derived. Refer to Figure 5-8 
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Figure 5-8 Mathematical Equations – Electrolizer 

5.2.6 Diesel generator 

The diesel generator is included in the system as a component for the purpose of 

maintaining the continuity of the power supply as the solar PV is not considered as a 

type of dispatchable. Hence the diesel generator is supposed to function as a backup 

power source. 

When the factors on diesel generator is considered for derivation of equations, being 

different to other system components, diesel generator uses fuel from outside of the 

system. In addition, by the operational nature of the device, diesel generator is tagged 

with a substantial cost on maintenance irrespective of the level of operation. Hence, the 

cost of fuel and cost of maintenance occupy a considerable portion of the operational 

expenditure of diesel generator per a m. Refer to Figure 5-9 
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Figure 5-9 Mathematical Equations – Diesel Generator 

Once the derivation of the equations was done, the economic model was to be 

formulated once the technical feasibility of the concept is tested against the practical on 

field conditions and the expectations of the industrial requirements. 
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6 GENERATION OF TEST CASES 

A typical system with the employment of a Hydrogen storage is shown in the below 

Figure 6-1 

 

Figure 6-1 Sample system with a Hydrogen storage 

Under the study, searching for the possibility of omitting the requirement of employing a 

battery bank at the bases station site for the purpose of backup power is a major 

objective targeting to make the proposal attractive to the industry in terms of financial 

performance. Hence the modeling of the system was started omitting the function of a 

battery bank and tested the performance of continuity of power supply with solar PV 

system, Hydrogen storage, fuel cell, converter and the diesel generator. 

The testing cases were defined based on 2 parameters, 

 The geographical location of the bases station site 

 Power load of the site 

6.1 Geographical Location 

Selected 3 sites in the network from 3 different regions of the island. The solar pattern of 

3 locations were expected to be different from one another up to a considerable extent. 
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Therefore the 3 sites were selected at least with a separation of 1 degree of latitudes. 

Refer Figure 6-2. 

This was because of the necessity to test the concept against the climates of whole island 

to the maximum possible extent. 

 

Figure 6-2 Selected base station site locations 

Below figures shows the geographical locations (Figure 6-3, Figure 6-5, Figure 6-7) and 

the distribution of solar radiation (Figure 6-4, Figure 6-6, Figure 6-8) relevant to each of 

the selected base station sites respectively. 

6.1.1 Amunakole - Base station site 

One of the fairly sunny area in the dry zone of the island with a considerable sun shine. 

In general, the location receives a level of solar radiation which encourages the 

investment on solar PV systems to harvest the freely available renewable energy. 

 

Figure 6-3 Geographical location of Amunakole site 
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Figure 6-4 Annual distribution of solar radiation - Amunakole 

6.1.2 Nelumkulama - Base station site 

Nelumkulama is also an area belongs to the dry climate zone of the country. Since the 

area has a lesser rainfall when compared to Amunakole, the period which the solar 

radiation impacts is fairly higher than Amunakole. This situation leads for the possibility 

of harvesting an additional level of energy per annum when compared with previous 

option. 

Hence Nelumkulama site was selected along with Amunakole site for a test case, giving 

an additional weight to the dry zone areas. 
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Figure 6-5 Geographical location of Nelumkulama site 

 

Figure 6-6 Annual distribution of solar radiation – Nelumkulama 
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6.1.3 Gawaragiriya East - Base station site 

Gawaragiriya East is a site location situated in Rathnapura district which belongs to the 

wet climate zone of Sri Lanka, with considerably a high annual rainfall records. Here the 

demarcation of the solar capability between these 3 candidate sites locations is 

determined by the effective period of the solar radiation throughout the year. Since 

Gawaragiriya area is more inclined to rainy weather, the possible annual energy for 

harvesting is comparatively less than that of other 2 candidate site locations. Hence, 

Gawaragiriya East site location also selected to generate practical test cases for the 

purpose of testing the technical viability of proposed concept. 

 

Figure 6-7 Geographical location of Gawaragiriya East site 
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Figure 6-8Annual distribution of solar radiation – Gawaragiriya East 

 

6.2 Power load of the site 

When the distribution of the power demand among the sites in the network is 

considered, it was found that the majority of the sites consume a power load less than 2 

kW. It is 1455 in number and accounts to a share of nearly 50% of total 3039 sites in the 

network. Figure 4-2 

Hence defined 3 levels of power demands to represent the 0-2 kW demand interval 

considering the fairly distribution of test cases among the entire sample space. 

 0.5 kW 

 1.5 kW 

 1.8 kW 
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In addition to the above 3 power demand levels, 1 demand level was defined so that it 

falls in the demand interval of 2-4 kW. 

 2.5 kW 

Did not consider accommodating a test case to represent the 3
rd

 demand interval of 

above 4 kW, as the interval contains on 304 sites which is just 10% of the total sample 

space. Figure 4-2.  

In addition to above, the network specific information and requirements were considered 

for this exclusion. In general, a site with a higher power demand means that the site 

serves for an extensive number of equipment working within its premises. Basically 

these additional equipment are microwave transmission links which are used to connect 

the other site locations to the transmission network. Higher this number means that the 

subjected site location acts as a hub location in the network and obviously a critical 

location for the network belonging to the aggregation layer or the core layer of the 

network. In other words, the operation of this site location affects the performance of the 

other segments of the network. Hence, when the business perspective of the incurring 

cost is considered, this type of site would not be mandatory to run on renewable energy, 

as the Engineers are much concerned on the overall big picture on the network 

performance rather limiting to the electricity cost of a particular bases station site. 
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7 TESTING OF TECHNICAL VIABILITY AGAINST THE TEST 

CASES 

Based on the criteria defined for test cases as described above, there are 12 unique test 

cases available for the testing of the technical viability of the proposed concept. 

 

Figure 7-1 Table of test cases 

12 test cases were built in the HOMER tool in line with the above and tested the 

viability as depicted in Figure 7-1. 

7.1 Test case 1 

 Site location : Amunakole 

 Demand load : 0.5 kW 

The result given by HOMER under the Test case 1 is given in Figure 7-2, Figure 7-3, 

Figure 7-4 and Figure 7-5 below. 
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Figure 7-2 Optimum System Architecture - Test case 1 

 

Figure 7-3 Summary of electricity generation - Test case 1 
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Figure 7-4 Operational summary of Diesel Generator - Test case 1 

 

Figure 7-5 Operational summary of Fuel Cell - Test case 1 

7.1.1 Discussion on result – Test case 1 

When the above result is being analyzed, it was easily found that the power supply was 

fully based on the harvesting of solar energy, making the renewable factor equals to 

unity. Further, when the Figure 7-4 Operational summary of Diesel Generator - Test case 1 is 

studied, the diesel generator had neither been started nor run for the entire year, meaning 

that the diesel generator is not a mandatory component in the system to maintain an 

uninterruptable power supply to meet the demanded load of 0.5 kW. 

The fuel cell had been operated for 4575 hours throughout the year (52% of time period) 

meaning that the base station site was powered by the energy stored as gas Hydrogen for 

more than 50% of time while the rest was managed directly by the output of the solar PV 

panels. 

The system was modeled purposely omitting the presence of a battery bank and the 

HOMER simulation suggests that the diesel generator is not necessary to be included in 
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the system. Hence it can be concluded that, under the test case 1, the Hydrogen storage 

is effectively viable to be use with the solar PV panels to maintain an uninterruptable 

power supply. The cost benefits are yield through the savings gained by exclusion of 

capital and operational expenditure on batteries and diesel generator. 

The next best solution given by HOMER simulation under Test case 1 is as below. 

Figure 7-6 

According to the results, there is no Hydrogen storage mechanism and hence the diesel 

generator has to be operated throughout the year under prime operation. 

 

Figure 7-6 Next best solution – Test case 1 

7.2 Test case 2 

 Site location : Amunakole 

 Demand load : 1.5 kW 

The result given by HOMER under the Test case 2 is as below. Refer Figure 7-7, Figure 

7-8 and Figure 7-9. 
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Figure 7-7 Optimum System Architecture - Test case 2 

 

Figure 7-8 Operational summary of Diesel Generator - Test case 2 

 

Figure 7-9 Operational summary of Fuel Cell - Test case 2 
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7.2.1 Discussion on result – Test case 2 

According to the results of the HOMER simulation, the Hydrogen storage concept is 

technically viable to deploy under the scenario of Test case 2. 

When the demand load reaches the value of 1.5 kW, the diesel generator should be 

employed in the installation as the energy harvested from solar radiation is not sufficient 

to meet the demand. Still the operational time of the diesel generator is 4692 hours per 

year (53% of the period) with a share of 15% in electricity generation. The share 

accounted by the solar PV panels for electricity generation is 82%, leaving just a share 

of 2% for fuel cell.  

In addition to above, when the focus is given to the number of starts taken place for 

diesel generator (380 starts) and fuel cell (727) separately along with the hours of 

operation for both components (approximately 4700 hours), it is understood that the 

Hydrogen storage was utilized to feed the balance requirement of demand when the 

system runs on diesel generator. Further, the Hydrogen storage had managed to fill the 

function of a battery bank to maintain the uninterruptable power supply to the load, 

while at the switching of power sources between solar PV and diesel generator. The 

saving was derived by employing a diesel generator with a capacity less than the 

demanded load, utilizing the grace of having a Hydrogen storage. 

Similar to the result obtained under Test case 1, the next best solution for the scenarios 

of test case 2, there is no Hydrogen storage mechanism and hence the diesel generator 

has to be operated throughout the year under prime operation as shown in Figure 7-10. 
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Figure 7-10 Next best solution – Test case 2 

7.3 Test case 3 

 Site location : Amunakole 

 Demand load : 1.8 kW 

The result given by HOMER under the Test case 3 is as below. Refer Figure 7-11 and 

Figure 7-12. 

 

Figure 7-11 Optimum System Architecture - Test case 3 
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Figure 7-12 Operational summary of Diesel Generator - Test case 3 

 

7.3.1 Discussion on result – Test case 3 

At the point of reaching to 1.8 kW in demand, the Hydrogen storage concept had turned 

to be not the optimum under the scenarios defined under Test case 3.  

Under the optimum solution, the diesel generator is supposed to run on prime basis, 

while the solar PV panels supply its harvest to the load under non-dispatchable basis. 

Therefore, the diesel generator had to be sized at a 2kW rating, in order to be sufficient 

to meet the demand when solar PV panels does not supply the electricity. 

The result obtained for Test case 3 depicts that the Hydrogen storage option does not 

yield the best solution at every case and hence it’s viability is to be tested under the 

applicable scenario, prior to make the decision on investment. 

7.4 Test case 4 

 Site location : Amunakole 

 Demand load : 2.5 kW 

The result given by HOMER under the Test case 4 is as below. Refer Figure 7-13, 

Figure 7-14 and Figure 7-15. 



40 

 

 

Figure 7-13 Optimum System Architecture - Test case 4 

 

Figure 7-14Operational summary of Diesel Generator - Test case 4 

 

Figure 7-15 Operational summary of Fuel Cell - Test case 4 

7.4.1 Discussion on result – Test case 4 

Under the conditions defined under Test case 4, the concept of having a Hydrogen 

storage had being selected as technically viable according to the simulation results of the 

HOMER tool. Under the test case, system requires a diesel generator to be employed in 
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the system along with the solar PV panels, Hydrogen storage, fuel cell and the 

electrolizer. 

The next best solution does not contain the Hydrogen storage option and designed the 

system so that the diesel generator runs on fulltime basis while the solar PV panels 

provide a non-dispatchable supply while the fuel cell contributes with a 1% share to the 

whole electricity requirement. Refer Figure 7-16. 

 

Figure 7-16 Next best solution – Test case 4 
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8 Testing the viability using Developed mathematical model 

According to the mathematical equations derived according to the description given 

under the Development of mathematical model, a model was developed using Microsoft 

Excel spreadsheet application. The below Figure 8-1 shows the Graphical User Interface 

(GUI) of the developed mathematical model. 

 

Figure 8-1 GUI of the mathematical model to test the viability 

The test cases which the system modeling was finalized by simulation using HOMER 

tool, were re-tested using the above mentioned mathematical model developed as a part 

of this study. 
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Test case 1  

 

Figure 8-2 Comparison of the results with HOMER – Test case 1 

When the above Figure 8-2 is studied, it clearly shows that the selection done through 

the developed mathematical model fits with the simulation result of the HOMER tool on 

Test case 1. 

Similarly, the developed mathematical model was tested against the simulation results of 

the HOMER tool for several other test cases. 

In addition, below Figure 8-3, Figure 8-4, Figure 8-5, Figure 8-6, Figure 8-7 shows the 

fitness of the mathematical model against the HOMER result under the test cases 2, 3, 4, 

5 and 9 respectively. 
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Test case 2 

 

Figure 8-3 Comparison of the results with HOMER – Test case 2 
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Test case 3 

 

Figure 8-4 Comparison of the results with HOMER – Test case 3 
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Test case 4 

 

Figure 8-5  Comparison of the results with HOMER – Test case 4 
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Test case 5 

 

Figure 8-6 Comparison of the results with HOMER – Test case 5 
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Test case 9 

 

Figure 8-7 Comparison of the results with HOMER – Test case 9 

When the figures of results obtained from mathematical model is compared closely with 

that of HOMER tool, a slight deviation is observed. There is a rational behind these 

deviations with sound backing up for the validity of the developed model. 

Just refer to the Figure 8-3, which gives the comparison pertaining to the Test case 2. 

Below given Figure 8-8 summarizes the deviations in above mentioned comparison for 

the ease in discussion. 

When the mathematical model is being developed, the annual solar radiation was 

calculated using the scaled average considering the total energy incident on the panels, 

rather than accounting for continuous variations. Actual radiation pattern is in the form 

which depicts in Figure 6-4.  
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Figure 8-8 Comparison of results - Test case 2 

When the calculations for the function of the diesel generator is modeled, the efficiency 

was considered as a flat function even it is obvious that it varies with the load. Further, 

the efficiency of diesel generator and the fuel cell was considered unchanged even at the 

startup time period.  

Above reasons led to the results obtained from developed mathematical model to be 

deviated slightly from that of HOMER. 

Still the deviations are not significant and does not sufficient the make an impact on the 

designed ratings of the components. On the other hand, even the deviations in 

commercial figures do not sufficient to exert an impact on the investment decision.  
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9 INCORPORATE THE MATHEMATICAL MODEL FOR 

DECISION MAKING 

This is the stage which the outcome of the research work meets the practical expectation 

of industry. As explained under section 2.1, at present DAP adhered to the traditional 

way of decision making on the composition of system components for the solar PV 

system once the financial viability is confirmed. Irrespective of the site load and the 

solar radiation pattern at the site location, the rating of the diesel generator is fixed to the 

value of 10 kVA and the capacity of the battery bank is fixed as 600 VA. 

This situation leads to fixed figures for capital investment as well as operational 

expenditure irrespective of the base station specific data. 

This section explains the methodology to be used with the developed mathematical 

model to determine the economic viability of the proposed concept based on the context 

at base station site. 

Below given Figure 9-1 explains the methodology to be followed when the proposed 

model is used in the process of decision making to check the techno-economic viability 

regarding the investment on renewable energy to power the base station sites. 

1. Input the site-specific information in to the model developed in HOMER under 

this research 

a. Coordinates of the site location 

b. Demanded power load 

2. Obtain the optimum system configuration for the case using the model developed 

in HOMER. 

3. Input the result obtained under above 2 in to the Mathematical Model developed 

using MS Excel as an outcome of this research. 

4. Follow the steps defined in the flow chart depicted in Figure 9-1 
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Figure 9-1 Flow chart - Decision making algorithm 
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Let’s take the Test case 9 as an example. Figure 9-2 below shows the techno-economic 

output of the traditional configuration while the Figure 9-3 depicts the same for 

proposed concept under Test case 9. 

 

Figure 9-2 Techno-economic output for traditional configuration - Test case 9 
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Figure 9-3 Techno-economic output for proposed concept - Test case 9 

Once the values for the decisive parameters are obtained using the developed models, 

comparison between them are performed as depicted in Figure 9-4 below. 

 

Figure 9-4 Comparison of decisive parameters 

Hence the decision can be made as the proposed concept is technically and economically 

viable to be implemented under the conditions of Test case 9. 
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10 SENSITIVITY ANALYSIS 

When the analysis is extended beyond the technical context towards commercials, the 

sensitivity analysis plays a great role when the validity and the utility of the model is 

concerned. Here for the techno-economic analysis carried out under this research work, 

incorporated major economic variables are price of diesel, tariff for commercial 

electricity and cost of Hydrogen.  

Based on the proposed technological concept, the required Hydrogen volume is supplied 

within the site by electrolyzing making the decision insensitive to cost of Hydrogen. 

Even the proposed concept is extendable to the grid-connected base station sites with the 

facility of net-metering, the scope of the study was limited to the off-grid scenarios. 

Hence the tariff of commercial electricity does not make a change on the economic 

viability of a particular case. In other words, the decision on investment does not 

sensitive to the cost of commercial electricity. 

Finally, the only commercial factor which holds a control over the economic 

performance of the solution for a particular case, is the cost of diesel. 

The below mentioned sensitivity analysis is done against the price of a liter of diesel. 

Figure 10-1 and Figure 10-2 in page 55 and page 55 provides the sensitivity analysis 

pertaining to the conditions of Test case 9 when the price of 1 liter of diesel is 1 $ and 0 

$ respectively.  When the result is observed, it is self-explanatory that at any price of 

diesel, the proposed concept is commercially viable under Test case 9. 
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Figure 10-1 Sensitivity - Test case 9 - 1$ 

 

Figure 10-2 Sensitivity - Test case 9 - 0$ 
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11 CONCLUSION 

The concept was proposed to produce and store Hydrogen gas through the process of 

electrolyzing of water using the harvested solar energy to provide an un-interruptible 

power supply for telecommunication base station sites in Sri Lanka. The network 

operated by Dialog Axiata PLC was selected to carry out the research study as it owns 

the highest number of base stations among all of the Sri Lankan operators with the 

widest spread all over the island. 

The concept can be confirmed as viable based on the results obtained against 9 test cases 

with entirely different scenarios. 

The economic viability of the proposed concept was achieved through various 

improvements introduced through the concept over the traditional approach of designing 

the solar PV system for a base station site. 

1. The traditional concept of employing a battery bank setting to run full deep 

discharging cycles can be completely omitted with the introduction of proposed 

concept. This was explained in Generation of test cases in page 25. 

2. The rating of the diesel generator can be substantially optimized under scenarios 

of all the test cases when compared against the traditional composition of 

components used as at present. Refer to 7 Testing of technical viability against 

the test cases. 

3. For some of the scenarios, the diesel generator can be completely omitted in the 

design and hence in the investment. Refer Figure 9-2. 
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