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1. Introduction
Republic of Armenia Government is contemplating creation of infrastructure, business and educational capabilities in the country to develop energy generation, storage and export capacities, addressing Armenia’s goals:
1. Achieve higher rate of energy independence
2. Develop high tech industries
3. Increase the sustainability of the energy system and overall, the industry.
For these goals to be fulfilled, embarking on to the hydrogen economy seems to be reasonable, taking into consideration the evident worldwide trend. As a first step in this direction, the “Carbon Emission Free, Around The Clock (24/7) 230T/24h Hydrogen Production Project” (hereinafter the “Project”) is in pipeline for evaluation.

2. Background 
Armenia is a small landlocked country and imports nearly all of its primary energy resources (oil and oil products, natural gas and nuclear fuel) since it does not have proven oil and natural gas reserves. Given the Armenia’s closed borders with two of its neighbors, the reliance on imported primary energy resources makes the Armenian economy vulnerable to fluctuations in prices and supply security. 
Currently, Armenia has sufficient electricity generating capacity (power sector) to meet internal electricity demand, but new capacity is a high priority, as demand is estimated to outstrip supply when the existing nuclear power plant is decommissioned in 2036.
Electricity in the Republic of Armenia is mainly generated by nuclear, hydro and thermal plants whereof 39% is generated by the nuclear power plant while the remaining 60% is almost generated equally by hydro and thermal plants. The share of all the other plants in the power system is quite low - up to 1%. The Government aims to have 12 billion kWh output by 2030[footnoteRef:1]. [1:  Republic of Armenia Energy Sector Development Strategic Program to 2040] 

Republic of Armenia Government is currently seeking to expand country’s capacity to generate renewable energy and considers implementation of a Green Hydrogen Production Project. Therefore, it seeks development of documentation answering the question whether it is possible for the country to build a hydrogen related infrastructure aiming energy production. Additionally, there is also a strong need to examine energy export possibilities.

Armenia has significant renewable energy resources, but so far, they do not play key role in the country's power supply. 
At the same time “Green Hydrogen production and related Industries will develop 11-trillion market” (www.Oilprice.com).
This opportunity provides real chance for Armenian High-Tech Energy Industry to develop low- cost green H2 energy production and lead the race to deliver the carbon-free solar-photovoltaic energy/nuclear energy tandem based hydrogen production process at less than US$2 per kilogram within five years.
Any Nuclear Power Plant (NPP) provide carbon emission free, around the clock (24/7), stady state generation of energy. Along with solar plants (PV Power Plant-PVPP), NPP-s have vital role in world carbon-free future. NPP is an essential complement to solar-PVPP for a carbon-free future of Hydrogen production. Combining NPP energy with green solar-PVPP and HPP generated low-cost electricity, results a more reliable, high-efficient, carbon-free future of the Hydrogen production industry.
According to the International Energy Agency, there is now “unprecedented political and business momentum” behind Hydrogen, driven by the pressure to replace fossil fuels.
Thus, there is a huge market awaiting those nations who can lead the world in supplying hydrogen and the technology to exploit it.
Armenia has a significant solar energy potential. One fourth of country’s territory is endowed with solar energy radiation of ≥ 1850 kWh/m2/year. Potential investors have expressed interest in implementing investments in Armenian solar energy sector, taking into account solar energy potential for low-cost energy generation, and the advantages of the tax legislation of the country.
Armenia has >1000MW HPP, 408MW NPP as well, and therefore for Armenia, it is important to explore opportunities in hydrogen production, with the ambition to position Armenia as a regional leader in exploiting this ultimate green fuel.
Armenian’s Economy ministerial Committee, chaired by the Minister Vahan Keropyan and attended by several other ministers across the cabinet, agreed to grant a new hydrogen project the status of a strategic investment for the country.
Aregak Energy(AE) will partner with authorities in Armenia and investors from the EU and UK to establish large-scale green hydrogen projects, by creation of a Regional Hydrogen Production and Distribution Hub
The Armenian H2 Hub - “PVPP-NPP-H2” 5 years project consist of 3 phases:
1. Produce 4.5T/d hydrogen (Pilot Project-Project1) and provide green H2 fuel to Armenian and Georgian energy market (local, regional), including of supplying the green fuel for Yerevan and Tbilisi fuel-cell based bus transportation systems
2. Produce 27T/d hydrogen (Project2) and provide green H2 fuel to Armenian and Georgian energy market.  Develop the storage and transportation systems to start green H2 fuel and Ammonium export to EU energy market
3. Produce 240T/d hydrogen (Project3) and provide green H2 fuel and green Ammonium to the regional (Armenian and Georgian) and EU, UK energy markets.  EU and UK energy market is close to Armenia and has developed energy transportation infrastructure.

3. Main objective of the works
The main objective of the study is to perform technical and business feasibility study of the Project. The study should identify the viability of the economic and financial assertions of the Project and point out the weak or debatable issues found in the lieu of the Armenia’s goals as mentioned in the Introduction.
The goal of the prefeasibility study is to identify the target variant of the project and confirm feasibility of the project from technical, economic, financial, environmental, institutional and legal perspective. The document should examine a number of options and be developed according to table of contents provided within those Terms of Reference.
The document should be comprehensive and take into consideration all aspects related to the energy sector, especially in terms of hydrogen energy development potential. 

4.   The scope of works
In order to achieve the above objective, the Consultant shall carry out the following principal task: 
Assessment of the technical, financial and economic potential described in the Proposal by Aregak Energy for development of capacities for hydrogen and ammonia generation and storage using renewable and clean energy.  As part of this task, the Consultant shall: 
· Estimate the technical potential for hydrogen generation, conversion to ammonia, storage, transportation. 
· Estimate the economically viable renewable energy potential for green hydrogen technology. The estimate of economic viability should be based on the quantified economic benefit of avoided costs of conventional electricity supply “without” and “with” local and global externalities, assuming these externalities are monetized. The assessment of economic viability should account for the benefit of energy security, environmental as well as other benefits.  The estimate of the economically viable potential for green hydrogen should be completed for three scenarios reflecting the levelized marginal costs of development for green hydrogen production and storage facilities. As part of this activity, the Consultant shall also develop comparative review of costs of hydrogen production from different renewable energy technologies (cost curves).
· Estimate the financially viable hydrogen production potential for each technology based on existing generation tariffs (business-as-usual scenario), as well as green hydrogen and ammonia pricing market trends. If there are no approved tariffs for some of the technologies, the Consultant should provide an estimate of the tariffs that would be required to make those technologies financially viable, given the prevailing average cost of capital, market prices for inputs and normal rate of return on assets. 
· Conduct sensitivity analysis of the estimated financially viable renewable energy potential to changes in key input parameters and assumptions.
· Estimate availability of the equipment for the project execution taking into consideration: a. existing worldwide production capacities; b. supply chain schedules; c. the cost estimate of the green hydrogen and ammonia, as a function of the cost of the equipment involved, and the volumes of productions; d. expected technological advancements/changes for the span of the project.
· Estimate costs related to storage and transportation to EU and UK energy markets: a. estimation of the local storage; b. provisional assessment of the transportation routes to EU and UK markets; c. provisional assessment of the transportation costs to EU and UK markets, based on results of point b.  
Additionally the following should be addressed:
· What ‘need’ or opportunity will the proposed project address and in what quantity? 
· What are the objectives of the project? What is the project aiming to achieve? How can these objectives best be expressed?
· What options are available for meeting these objectives?
· Is each option feasible? 
· What would be the capital costs incurred in each option?
· What would be the recurrent costs incurred in each option?
· What benefits would be achieved and in what quantity?
· Considering the risks in each option, are some risks unacceptable in the context of the objectives?
· What would be the social and environmental impacts of the project?
· What is the anticipated whole life of the project, including planning, construction and the operational lifetime? 
· Does the projected sum of the benefits – in both financial and economic terms – have a greater value than the projected sum of the costs? 
· What is the best option of project implementation considering all the above questions? 
· Is the project affordable? 
· Does the country have appropriate skills to ensure an efficient implementation? If not, where will these skills might come from? 


5. Methodological guidance
The Study shall be: 
· Complex and include all aspects of green hydrogen energy development potential in accordance to the wide definition of “energy sector”, including thermal energy and fuel production. 
· Comply with the energy sector’s development priorities, namely increased energy security and affordable energy supply to end-users. 
· Modular, with clear and simple structure, with clear and detailed description of initial assumptions and provisions, 
· Flexible for the future regular reviewing process. 

6. Reference Documents
During the works, among others, it is necessary to take into account the following documents and results:
· Republic of Armenia Energy Sector Development Strategic Program to 2040
· Energy Law of the RA,
· Energy efficiency and renewable energy Law of the RA;
· “Development strategy of power system in the context of Economic development of the RA” adopted by the government of Armenia in June 23, 2005, protocol N24, provision 1;
·  Decree N 1296 “on affirmation of the action plan of the Ministry of Energy   anticipated by the provisions of the national security strategy of the RA” adopted in November 1, 2007 by the Government of Armenia.   
· “National project of renewable energy and energy efficiency of the RA” according to the protocol resolution No2 adopted in January 18, 2007 by the government of the RA. 
· Results obtained under WB/GEF TF Grant 056211 “Renewable Energy Project” in small hydro, wind, solar PV, geothermal and other areas.  
· EuropeAid 120653/C/SV/AM Project “RE development for Gegharkunik marz of RA”.  

7. Deliverables and time schedule 
	Report
	Deadline

	
	

	Inception report
	5 days after contract signing

	Main Task report
	20 days after contract signing

	Final report
	30 days after contract signing



Table of Contents for Feasibility Study:
Executive Summary
Executive summary should consist of the most important information about the project, the subject of the project and the general scope of activities and include at least the following:
-	Project name;
-	Project sector;
-	Project location;
-	Statement of problem/opportunity that the Project is going to solve/address;
-	Project objectives;
-	Description of an area impacted by the project and results of demand analysis;
-	Description of the project scope and investment cost;
-	Schedule of project implementation;
-	Summary and results of financial and economic analyses;
-	Presentation of implementation arrangements;
-	Project sustainability.
-	Conclusions on project feasibility and further recommendations

1. Analysis of the Existing Context
1.1 Review of the social and economic context
1.2 Government policy and strategy/master plan for the sector/sub-sector
1.3 Legal Acts and commitments analysis 
1.4 Roles and responsibilities in the sector/sub-sector
1.5 Summary of findings of previous studies
2. Market Assessment and Demand Analysis
2.1 Needs analysis and identification of target users
2.2 Export possibilities (infrastructure, human capital, needs)
2.3 Options analysis, including climate change adaptation options, if applicable
2.4 Current and future demand trends
3. Technical Studies and Valuing Project Costs
3.1 Field surveys
3.2 Review of spatial planning issues
3.3 Land acquisition
3.4 Preliminary technical design and possibility of purchasing equipment
3.5 Input parameters for construction, maintenance & operation
3.6 Estimates of capital and operating costs over project life
4. Financial Analysis
4.1 Methods and assumptions
4.2 Financial cash flow analysis
5. Economic Analysis
5.1 Methods and assumptions
5.2 Cost benefit analysis
5.3 Cost effectiveness analysis
5.4 Assessment of effects not captured by economic valuation
6. Environmental and Social Impacts
6.1 Methods and assumptions
6.2 Environmental impact
6.3 Social impact
7. Financial and Budget Affordability
7.1 Project financing
7.2 Budget/funding affordability
8. Implementation and Operational Sustainability
8.1 Capabilities of the implementing and operating entities
8.2 Outline plan for project implementation
8.3 Overview of project management arrangements
9. Risk Analysis and Sensitivity Analysis
9.1 Main sources of risk and their potential impacts, including climate change risk
9.2 Mitigation measures
9.3 Risk management plan
9.4 Sensitivity analysis
10. Conclusions on Project Feasibility
The consultant shall submit five hard copies of each of the above reports in English language as well as in electronic format.



