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Introduction 

The Fuel Cell (FC) technology is a fast-growing green energy technology and considerable research has been conducted since within the decade in order to enhance the technical viability in power generation applications. Fuel cells are electrochemical devices that convert chemical energy into electrical energy very efficiently, with no internal moving parts. Hence, fuel cells act like batteries. Hydrogen is the basic fuel, but fuel cells also require air. Hydrogen may be extracted from natural gas, propane, butane, methanol, and diesel fuel. Several types of fuel cell technologies are developed based on the type of electrolyte used [1]-[5]. With respect to the power generation applications, Alkaline Fuel Cell (AFC), Molten Carbonate Fuel Cell (MCFC), Phosphoric Acid Fuel Cell (PAFC), Proton Exchange Membrane Fuel Cell (PEMFC) and Solid Oxide Fuel Cell (SOFC) technologies have substantial viability [1] [2].
This study is mainly focused on the viability of using FC technology for grid-connected electrical power generation in Sri Lanka. In general terms when assessing the feasibility of newer technologies, technical, economic, and financial feasibility components can make a huge impact on the decision-making process. Technical feasibility is adequately discussed in the past research [2]-[5] and the technology selection in this study was done based on the conclusion of the literature survey. Therefore this study mainly focuses on the economic and financial assessment of fuel cell technologies with respect to the Sri Lankan context. In the economic feasibility analysis, the considering period is highly sensitive to the inflation rate, interest rates on borrowed capital, and tariffs applied. Over this trading period, the revenue and expenditure may be increased to take account of inflation. Hence, it may be difficult to correlate actual amounts with the present value of investment capital. Therefore the Life-Cycle Cost (LCC) assessment and Net Present Value (NPV) calculations basically yield substantial results over time than Simple Payback calculations.
Methodology

This study initiates a review of fuel cell technologies with respect to the Sri Lankan context.  Then it will be proven that fuel cells have more benefits when they are applied to support power consumption [4] [5]. A centralized power plant requires much larger initial capital investment compared to other power generation sources [6].  Thus, it is imperative to extract as much available energy as possible from the fuel cells.
As mentioned above, this study mainly focuses on the economic and financial assessments for integrating fuel cell power plants to the national grid. The objective of this economic feasibility analysis is to provide the information needed to make a judgment or a decision. The most complete analysis of an investment in a project requires an analysis of each year of the life of the investment, taking into account the relevant direct costs, indirect costs, general expenses, taxes, and investment returns [7]. However, it is important to consider a specific purpose and scope of the analysis at the beginning as this will describe the course to be followed. An analysis perspective is important, and it often dictates which approach will be used. Also, the final use of the results of the analysis will affect the level of details that have been done. Cost modelling equations have been developed considering reference [10].
Further, this viability study continues to discuss an environmental evaluation of the proposed fuel cell power plant compared with the conventional power generation forms.  Two categories through which the evaluation is accomplished are land area requirement for the power plant construction and its lifetime emissions.  The emissions of the power plant are caused by fuel consumption during its life-long period, and construction, operation, and maintenance of the fuel cell power plant (FCPP) [7].
RESULTS AND DISCUSSIONs
There are many types of fuel cells used for power generation. FCs can be chosen according to the power rating and output voltage range. Technical and Operational feasibility observations [1]-[5] are summarized as bellows;
Table 01: Observation survey summery
	Fuel cell type
	Operating temperature
	Power range
	Application

	SOFC
	750-1000℃
	500kW-10MW
	Stationary, Transport

	MCFC
	600-700℃
	1kW-10MW
	Stationary, Transport

	AFC
	40-60℃
	1kW-100kW
	Transport

	PEMFC
	60-80℃
	1kW-100kW
	Transport


The cost of the fuel cell power plant is one that is complicated as it includes numerous factors. These factors include the initial cost, called the overnight cost, which consists of civil and structural costs, mechanical equipment, supply and installation, electrical, tools, and control, and indirect costs for the project [6]. Operating and maintenance costs are either fixed or dependent on electricity generation in the plant [10]. The annual operation, maintenance, and fuel cost are the running costs and is expressed as a percentage of the total pure capital cost [7]. Hence Annual miscellaneous expenses represent various additional contingent expenses and maintenance costs, are modeled as a fixed percentage of total pure capital cost [10]. The fuel charge also depends on fuel cost, shipping cost, and system efficiency [3] [7].
Calculated results are summarized as follows;
Table 02: Cost modeling results summery
	Capacity 

	10MW [Proposed]

	Pure capital Cost (LKR)
	8.97 Billion [Calculated]

	Total capital Cost (LKR)
	12.9 Billion [Calculated]

	Commissioning & Start-up (LKR)
	0.31 Billion [Calculated]

	Total running cost (LKR)
	0.53 Billion.Year [calculated]

	Expected Generation (GWh/Year)

	78.13 GWh.Year [Calculated]

	Fixed operation & Maintenance Cost (LKR/kW/Year)
	32000 [Calculated]

	Variable Operation and maintenance cost (LKR/kWh)
	0.76 [Calculated]

	Fuel Cost (LKR/kWh)
	1.91 [Calculated]

	Total fuel and variable maintenance costs (LKR/Year)
	0.21 Billion [Calculated]

	Present value of fuel and variable maintenance Cost (LKR)
	13.90 Billion [Calculated]

	Fuel and variable maintenance cost (LKR/kWh)
	2.67 [Calculated]

	Present value of fixed maintenance cost (LKR)
	21.18 Billion [Calculated]                                                     

	Capital and fixed maintenance cost (LKR/kWh)
	15.10 [Calculated]

	Total Cost (LKR/kWh)
	17.77 [Calculated]


Location analysis-Site description 

Site address: Sea Coast, Hambantota
Pre-Conditions required for location selection
Electricity Generation plants and transmission line availability is minimum [11]: When considering Sri Lanka transmission system it is heavy loaded centerline at the western province. It also consumes 39.7 % (According to 2017 – Ministry of Power and Renewable energy) of overall power generation. But in other regions transmissions lines are not distributed effectively to meet the future demand [11]. Therefore when we consider the southern province over the last decade the largest international airport was established, an international harbor was built, and country underwent a significant population growth and urbanization. In the future southern province will require more energy from the transmission system but in the present, there is one transmission line supplying the overall demand in that region because of that it required another alternative power source to fill up energy demand (in past Lakvijaya coal power plant planned to build in Hambantota by considering above region). It also gives below benefits,

i. Fuel transportation costs will be minimized because that generated energy cost will be decreased.

ii. Easy to transport.

iii. Easy to build.

iv. Easy to carry on heavy maintains work by replacing the new parts without additional transport costs.

v. Power source delay time will be reduced.
vi. Facility to shift the unloading point to the ocean.

conclusions/RECOMMENDATIONS
Fuel cells have a higher efficiency level than diesel or gas engines according to past research, but this study was launched to see how the application of FCs centralized power plants for our country. Because potentially these FCs may be supported to Sri Lanka energy consumption future. This study started with a review of fuel cell technologies with respect to the Sri Lankan context.  Then it has proven that fuel cells have more benefits when they are applied to support power consumption. Economic feasibility was discussed under economic evolution and financial aspects considering market analysis, system design, cost modeling, and life cycle cost analysis (LCCA). Though it is calculated and observed that the Cost/ kWh is low as compared to other fuel base Plants supplies power to the national grid. 
The proposed plant size is 10 MW and the total cost per power unit was obtained as LKR 1.29Million/kW. The commissioning and start-up costs are approx. 3.5% of the total capital cost of the project. The main cost factors of the operation phase are fixed operation & maintenance cost and variable operation & maintenance cost, which were calculated as LKR 3200/kW/year and LKR 0.21Billion/year respectively. All together operation phase is approx. 6% of the total capital cost. Finally, the cost per energy unit was obtained as LKR 17.77/kWh and that implies the economy of Fuel cell power plant (FCPP) compared to the other available fuel-based power plants in Sri Lanka. 
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