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Executive summary 

This policy brief assesses the cost and potential for green hydrogen production in Georgia. Green 

hydrogen refers to hydrogen produced from renewable energy sources – usually through electrolysis 

of water with renewably produced electricity. 

Green hydrogen as an energy carrier is widely believed to play a key role for reaching climate neutrality 

by enabling the decarbonisation of “hard-to-abate” sectors that cannot be decarbonised through 

direct electrification. It could also serve as a form of seasonal energy storage as green hydrogen can 

be reconverted to electricity, albeit with substantial conversion losses, limiting the scope of 

economical power-to-power storage via green hydrogen. Finally, green hydrogen could potentially 

become a tradeable commodity for export to Western European consumers. 

Our baseline results for the Levelised Cost of Hydrogen Electrolysis (𝐿𝐶𝑂𝐻𝐸) in Georgia unsurprisingly 

reveal that green hydrogen production is currently more expensive than grey hydrogen produced from 

natural gas or other fossil fuels and will need to rely on subsidies and/or substantial carbon prices on 

fossil fuel derivates. With a net production cost of 2.70 𝐸𝑈𝑅/𝑘𝑔 in the mid-2020s, a carbon price per 

CO2-equivalent of 156 𝐸𝑈𝑅/𝑡 (or similar support policies) would be necessary to reach cost parity with 

grey hydrogen. By the middle of this century, we expect Georgian 𝐿𝐶𝑂𝐻𝐸 and its break-even carbon 

price to drop to 1.54 𝐸𝑈𝑅/𝑘𝑔 and 49 𝐸𝑈𝑅/𝑡, respectively. This result illustrates that green hydrogen 

production for domestic use currently still requires additional policy support beyond carbon pricing 

if very high carbon prices are to be avoided. Such policies should be carefully considered as they could 

imply a substantial fiscal burden. Nevertheless, a well-balanced hydrogen strategy could potentially 

contribute to energy security and reduced dependence on fossil fuel imports. 

As industrialised countries are expected to ramp up policy support for green hydrogen applications in 

the coming years, green hydrogen development and export might become profitable for the countries 

with the cheapest and most abundant renewable energy sources (as the importing countries would 

shoulder initial subsidies for scaling up their own consumption). A closer analysis reveals that Georgian 

green hydrogen would likely have a higher cost structure than the cheapest solar-PV or hybrid solar-

PV-wind hydrogen projects in countries such as Morocco, Chile, or Australia. However, Georgia also 

has significant potential for green hydrogen production due to its already high renewable electricity 

generation share and further potential for hydropower and wind expansion in the country. The overall 

competitiveness of Georgian green hydrogen exports, however, remains subject to uncertainties. This 

uncertainty notably also applies to most other countries that develop hydrogen. In the long-run, the 

relative competitiveness of Georgian hydrogen will most likely fall as solar-PV and wind technologies 

experience additional cost reductions while hydropower cost improvements are limited. Falling 

electrolyser costs will also reduce the importance of high capacity factors (the comparative advantage 

of Georgian hydropower) and increase the importance of low electricity cost as the dominant 

locational factor for green hydrogen production. 

Both for export and domestic use of green hydrogen, Georgia would have to overcome important 

obstacles of not possessing any relevant hydrogen transportation and particularly storage 

infrastructure. Furthermore, Georgia already has to expand its electricity generation capacity from 

wind and hydropower to cover increasing domestic electricity demand, before considering potential 

green hydrogen production needs.  
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1 Introduction 

Hydrogen is the simplest and most abundant element in the universe. While not abundant in its 

molecular form on our planet, it surrounds us in the form of water as well as in fossil hydrocarbons. 

Hydrogen has been pivotal in achievements as diverse as feeding an increasing world population and 

taking humans to the moon. It is used in applications from producing fertiliser, processing foods, 

refining petroleum, treating metals to producing rocket fuel.1 

Currently, about 98% of hydrogen is produced by splitting fossil fuels (mainly natural gas in a process 

called steam reforming), emitting a large quantity of CO2 emissions. Hydrogen produced this way is 

called grey hydrogen. 

When CO2 emissions from fossil-based hydrogen production are captured and stored appropriately 

(carbon capture & storage – CCS) or used as industrial feedstock (carbon capture and utilisation – CCU), 

the resulting hydrogen is called blue hydrogen. Finally, when hydrogen is produced from renewable 

energies, e.g., by means of water electrolysis – splitting water into oxygen and hydrogen with 

renewable electricity – the result is called green hydrogen. In the following, we focus on the production 

of green hydrogen. 

 

2 Fundamentals of Green Hydrogen 

2.1 Production of Green Hydrogen – An Overview 

Green hydrogen is hydrogen produced with renewable energy, usually via water electrolysis. There is 

a number of electrolysis technologies with different advantages and disadvantages, degrees of 

technological maturity and cost: 

1. Alkaline water (AW) electrolysis: Most mature technology, cheaper catalysts compared to 

PEM, electrolyser system cost 500-1000 USD/MW2, high durability thanks to exchangeable 

electrolyte, higher gas purity compared to PEM, system efficiency 43-67% → Probably the best 

electrolysis technology for Georgia. 

2. Polymer electrolyte membrane (PEM) electrolysis: Can operate at high current density, 

resulting in reduced operational costs, faster ramp up / ramp down than AW, system efficiency 

40-67% → useable for variable renewables like wind & solar, relatively expensive (electrolyser 

system cost 700-1400 USD/MW3). 

3. Anion exchange membrane (AEM) electrolysis: Latest technology, limited deployment, still 

mostly R&D, potential for combining less harsh environment from alkaline electrolysers with 

simplicity and efficiency of PEM electrolyser, allows use of non-noble catalysts and operation 

under differential pressure, but still unstable lifetime, system efficiency 48-58%. 

4. Solid oxide electrolysis: Lower lifetime, high efficiencies in combination with external high 

temperature heat sources, technology not yet mature, efficiency 61-74%. 

 

1 EIA (2021). 

2 IRENA (2020). 

3 Ibid. 
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2.2 Hydrogen as a key for decarbonising hard-to-abate sectors 

Green hydrogen is an energy carrier that is widely believed to play a key role for reaching climate 

neutrality. It is currently the stated policy target of the European Union, the United States, the United 

Kingdom, Japan, Brazil and a number of other countries to reach net-zero emissions by 2050 (China by 

2060). While Georgia has not set a net-zero target yet, it has committed to limiting global temperature 

increase “to well below 2°C above pre-industrial levels and pursuing efforts to limit the temperature 

increase to 1.5°C” 4  by virtue of ratifying the Paris Agreement, which implies drastically reducing 

emissions throughout the next decades and reaching net-zero by 2050 according to most scenarios.5 

For the energy sector, this means that combustion processes in the production of electricity and heat, 

industry, and transport need to be replaced by renewable energy sources. For most applications, 

electrification and direct use of renewable electricity is the most economic – i.e. least costly – form of 

decarbonisation. According to most estimates, this is the case for passenger cars (through battery-

electric vehicles), individual residential heating (through heat pumps), and low-temperature industrial 

heat, possibly also for most high-temperature industrial heat applications, trucks and busses as well as 

short-haul aviation and shipping.6 

But not all sectors can easily use electricity: These “hard-to-abate” sectors are the most 

uncontroversial use cases for green hydrogen or its derivatives in the coming decades. They include 

long-haul aviation and shipping, the use as industrial feedstock for the production of ammonia and 

other chemicals, as well as a reaction agent, particularly for carbon-free steelmaking via the direct 

reduction of iron (DRI).7 

Increasing renewable electricity production – towards a share of eventually 100% – is not trivial. The 

most abundant renewable energy sources, solar radiation and wind, are only available on a variable 

basis and cannot be stored directly. Hydropower – the most abundant dispatchable renewable energy 

source which can be stored in hydro reservoirs – often exhibits strong seasonal variation, not rarely in 

mismatch with seasonal demand patterns. This is the case in Georgia, which relies on hydropower for 

about two thirds of its consumed electricity (see figure 1 next page), where reduced hydropower 

availability in winter coincides with the country’s peak demand (see figure 2 next page). 

A smart combination of solar energy (abundant mainly in summer), wind energy (which is often 

stronger in winter), and hydropower (which is most abundant in spring and summer and can serve as 

a source of flexibility to the system) as well as electricity grid integration between regions and countries 

can reduce this temporal mismatch between production and consumption. In addition, battery storage 

can serve as a short-term flexibility option and pumped-storage plants can provide medium-term 

flexibility, while large hydropower reservoirs can in some cases provide seasonal storage capacity.8 

 

4 Paris Agreement to the United Nations Framework Convention on Climate Change, Dec. 12, 2015, T.I.A.S. No. 
16-1104. 

5 IEA (2021b). 

6 Agora Energiewende and Guidehouse (2021). 

7 Ibid. 

8 It is beyond the scope of this paper to assess to what extent a changed hydropower operating regime for the 

large hydropower plants in Georgia could contribute to seasonal storage capacities. 
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For long-term seasonal storage, green hydrogen is widely believed to be the most viable emissions-

free option when other flexibility and storage options (such as large hydropower reservoirs) are not 

sufficient. Green hydrogen – produced with excess renewable electricity, when the sun shines bright, 

the winds blow strong, or the rivers are high, could thus potentially also play a limited role for providing 

flexibility to the electricity system. Hydrogen can be reconverted into electricity – with significant 

efficiency losses – through hydrogen-ready gas turbines, combined heat & power plants or fuel cells. 

It remains to be assessed whether the Georgian energy system could: 

1. Reduce the need for seasonal storage through a diversification of renewable energy sources 

(especially through a scale-up of installed onshore wind generation capacity), and 

2. Provide sufficient flexibility and storage capacities through an improved use of its hydropower 

reservoirs (including through retrofitting existing dams and new construction) and potential 

pumped storage. 

Only in conjunction with considering the above flexibility options, it makes sense to assess the need 

(and scale of need) for green hydrogen power-to-power storage capacity in Georgia.9 As an adequate 

consideration of system development scenarios based on energy and electricity system modelling is 

beyond the scope of this policy paper, the following chapters will not quantify potential future 

hydrogen demand in Georgia or identify with certainty what applications of green hydrogen – if any – 

are less costly for Georgia than other means of decarbonisation. 

Instead, the following chapters will assess the supply side of green hydrogen in Georgia through a 

levelised cost approach and a discussion of the circumstances and necessary preconditions for green 

hydrogen production in Georgia. 

 

 
9 Hydrogen power-to-power storage is a very expensive storage option and most likely only economical – if at all 

– for seasonal storage and only if other forms of seasonal storage (such as large hydropower reservoirs) and 

options to reduce the overall need for seasonal storage (such as a diversification of renewable energy sources) 

are exhausted. 

Source: Electricity System Commercial Operator (ESCO)           Source: ESCO 

 

Figure 1: Electricity supply Georgia 2020 (11 TWh) 
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3 Green Hydrogen Production Cost in Georgia – A Levelised Cost Approach 

In the following, we assess the cost of green hydrogen production in Georgia, abstracting from 

downstream costs of compression, storage, or transportation to consumers. We follow a levelised cost 

approach also known as investment life-cycle-costing approach. At the beginning of the life-cycle, 

capital investment costs for installing an electrolyser system are incurred. Then, over a lifetime, which 

depends on the average capacity factor (utilisation rate) of the electrolyser, both fixed operation & 

maintenance costs, as well as variable costs for electricity consumption arise. Resource costs, i.e. costs 

for water (the input for hydrogen electrolysis) are assumed to be zero as the electrolyser might be 

installed close to abundant sources of water (e.g. close to a hydropower reservoir). Furthermore, we 

assume disposal costs at the end of the system lifetime to be equal to the recycling value of 

components for the sake of simplicity, so that we can abstract from end-of-life costs or benefits. 

 

3.1 Cost Components 

We assume three broad cost components: Capital expenditure ( 𝐶𝐴𝑃𝐸𝑋 ), fixed operational 

expenditure ( 𝑂𝑃𝐸𝑋 ) and electricity cost. In addition, we assume that co-benefits from water 

electrolysis, i.e. the by-product oxygen, can be monetised, following assumptions in the literature, 

such that the net cost of hydrogen production is below gross costs incurred. 𝐶𝐴𝑃𝐸𝑋 includes both the 

overnight capital cost for the investment as well as the cost of capital in a financial sense (i.e. the cost 

of equity and/or debt) in the form of a weighted average cost of capital (𝑊𝐴𝐶𝐶). It is annualised to 

regular payments spread over the expected system lifetime. 𝑂𝑃𝐸𝑋 is expressed as an annual fixed 

fraction of overnight investment cost. The general formula for the Levelised Cost of Hydrogen 

Electrolysis (𝐿𝐶𝑂𝐻𝐸) is thus: 

𝐿𝐶𝑂𝐻𝐸 =  
𝐶𝐴𝑃𝐸𝑋 + 𝑂𝑃𝐸𝑋 +  𝐶𝐸𝐿𝐶 −  𝑅𝑂𝑥𝑦𝑔𝑒𝑛

𝑄𝐻𝑦𝑑𝑟𝑜𝑔𝑒𝑛
 

where 𝐶𝐸𝐿𝐶  is the electricity cost, 𝑅𝑂𝑥𝑦𝑔𝑒𝑛 are the annual revenues from oxygen by-product sales and 

𝑄𝐻𝑦𝑑𝑟𝑜𝑔𝑒𝑛 is the quantity of hydrogen produced per year. For simplicity, we normalise the installed 

capacity of the electrolyser to one 𝑘𝑊 .10 The cost components of 𝐿𝐶𝑂𝐻𝐸  are then calculated as 

follows: 

𝐶𝐴𝑃𝐸𝑋 = 𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 ∗ 
𝑊𝐴𝐶𝐶 ∗ (1 + 𝑊𝐴𝐶𝐶)𝑦

(1 + 𝑊𝐴𝐶𝐶)𝑦 − 1
   

where 𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 is the overnight capital investment cost, 𝑊𝐴𝐶𝐶 is the weighted average cost of 

capital and 𝑦 is the expected system lifetime in years, depending on the average capacity factor κ and 

the system lifetime in hours 𝑡: 𝑦 =
𝑡

κ ∗8760
  (note that κ ∗ 8760 are the annual full load hours). 

 

𝑂𝑃𝐸𝑋 = 𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 ∗ 𝑓𝑂𝑃𝐸𝑋 

where 𝑓𝑂𝑃𝐸𝑋 is a constant factor expressing yearly 𝑂𝑃𝐸𝑋 as a fraction of total investment cost. 

 

10 The actual size of an installed electrolyser would be much larger of course. This is just for computation. 
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𝐶𝐸𝐿𝐶 = 𝐿𝐶𝑂𝐸 ∗  κ ∗ 8760 

where 𝐿𝐶𝑂𝐸 is the levelised cost of electricity in 𝐸𝑈𝑅/𝑘𝑊ℎ (note the difference to 𝐿𝐶𝑂𝐻𝐸 as defined 

above). 

𝑅𝑂𝑥𝑦𝑔𝑒𝑛 = 𝑉𝑎𝑙𝑢𝑒𝑂𝑥𝑦𝑔𝑒𝑛 ∗ 𝑆ℎ𝑎𝑟𝑒𝑠𝑜𝑙𝑑 ∗ 𝑄𝑂𝑥𝑦𝑔𝑒𝑛 

where 𝑉𝑎𝑙𝑢𝑒𝑂𝑥𝑦𝑔𝑒𝑛  is the value of the by-product oxygen in 𝐸𝑈𝑅/𝑘𝑔 , 𝑆ℎ𝑎𝑟𝑒𝑠𝑜𝑙𝑑  is the share of 

produced oxygen that can be monetised and 𝑄𝑂𝑥𝑦𝑔𝑒𝑛 is the quantity of oxygen produced per year in 

𝑘𝑔, which can be easily derived from the quantity of produced hydrogen: 

𝑄𝑂𝑥𝑦𝑔𝑒𝑛 =  𝑄𝐻𝑦𝑑𝑟𝑜𝑔𝑒𝑛 ∗  
𝑀𝑂𝑥𝑦𝑔𝑒𝑛

2 ∗  𝑀𝐻𝑦𝑑𝑟𝑜𝑔𝑒𝑛
 

where 𝑀𝑂𝑥𝑦𝑔𝑒𝑛  and 𝑀𝐻𝑦𝑑𝑟𝑜𝑔𝑒𝑛   is the atomic molar mass of oxygen and hydrogen respectively in 

𝑔/𝑚𝑜𝑙 and  

𝑄𝐻𝑦𝑑𝑟𝑜𝑔𝑒𝑛 =  κ ∗ 8760 ∗  η ∗  
1

𝐿𝐻𝑉
 

where η is the overall system efficiency of the electrolyser and 𝐿𝐻𝑉  is the lower heating value of 

hydrogen in 𝑘𝑊ℎ/𝑘𝑔. 

 

3.2 Assumptions 

We can classify the variables in the above 𝐿𝐶𝑂𝐻𝐸 calculation into four categories: 

1. Physical constants 

The atomic molar masses of oxygen 𝑀𝑂𝑥𝑦𝑔𝑒𝑛 and hydrogen 𝑀𝐻𝑦𝑑𝑟𝑜𝑔𝑒𝑛, as well as the lower 

heating value of hydrogen 𝐿𝐻𝑉 are constant for the matter of our analysis. 

 

2. Assumed constants 

We set some variables to a specific constant value according to results from the existing 

literature or own reasonable assumptions to reduce the degrees of freedom of the exercise, 

although these values are not actually constant in reality. For simplicity, we assume the value 

of oxygen and the share of produced oxygen that can be monetised to be constant, using 

values provided by Pardo et al. (2012).11 Furthermore, we assume the factor 𝑓𝑂𝑃𝐸𝑋  to be 

constant at 𝑓𝑂𝑃𝐸𝑋 = 3%, the upper bound of the interval cited by Brynolf et al. (2017)12, which 

is a conservative assumption. Finally, we assume the weighted average cost of capital to be 

constant at 𝑊𝐴𝐶𝐶 = 5%  which is a standard assumption for developed countries. Since 

Georgia is well-known to have a good business environment, it is not unreasonable to assume 

similar financing costs for the country.13 It could be argued that the value is quite low for a 

 
11 As cited in Vogl et al. (2018). 

12 As cited in Christensen (2020). 

13 World Bank (2019). 
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relatively unproven technology considering potential risk mark-ups. However, we assume that 

the investment is supported by the government through de-risking in the form of loan 

guarantees, risk insurance, or similar instruments, limiting risk premia. 

 

3. Technology-specific variables 

The upfront investment cost 𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡, the efficiency of the electrolyser system η, as well 

as the lifetime 𝑡  depend on the performance and manufacturing cost of the employed 

electrolyser technology. We assume them to be constant for a specific point in time but 

improving over time through learning effects. Values are based on IRENA (2020). 

 

4. Electricity system variables 

These variables, the levelised cost of electricity (𝐿𝐶𝑂𝐸) and the capacity factor κ, depend on 

the characteristics of the local electricity system. They reflect the (hourly, seasonal) availability 

as well as the cost of renewable electricity. 𝐿𝐶𝑂𝐸 and κ are the main variables of interest 

since they distinguish the cost of green hydrogen production in Georgia from production in 

other countries. 

As a baseline, we assume an 𝐿𝐶𝑂𝐸  of 0.04 𝑈𝑆𝐷14 / 𝑘𝑊ℎ , a value broadly in line with a 

number of estimates for the 𝐿𝐶𝑂𝐸  of hydropower, by far the most important source of 

renewable electricity in Georgia.15 In fact, 0.04 𝑈𝑆𝐷/ 𝑘𝑊ℎ remains a moderately optimistic 

estimate for new hydropower projects, something Georgia needs if the country would like to 

cover its increasing electricity demand and additionally produce green hydrogen with 

renewable energy. Alternatively – or ideally in conjunction – Georgia could also invest in new 

wind parks to complement its hydropower generation. While wind power could play an 

important role in reducing the seasonal mismatch between Georgian electricity generation 

and consumption, it would currently not contribute to reducing the system-wide 𝐿𝐶𝑂𝐸 for 

Georgian electricity.16 

For the capacity factor, we assume κ = 33% in our baseline, as we expect excess hydropower 

generation only in about four months during the year (compare figure 2 on page 3) due to the 

seasonality of hydropower. A higher capacity factor could only reasonably be achieved if 

substantial investment is undertaken to increase both hydro and wind power capacities. 

Alternative assumptions for 𝐿𝐶𝑂𝐸 and κ are discussed in section 3.4. 

 

A detailed summary of all assumptions can be found in the appendix. 

 
14 We follow the internationally established approach of using 𝑈𝑆𝐷 values for the levelised cost of electricity and 
convert 𝑈𝑆𝐷 to 𝐸𝑈𝑅 with the average 2020 𝑈𝑆𝐷/𝐸𝑈𝑅 exchange rate, thus resulting in an 𝐿𝐶𝑂𝐸 of 3.5 𝐸𝑈𝑅 −
𝑐𝑡 / 𝑘𝑊ℎ. For the average 2020 𝑈𝑆𝐷/𝐸𝑈𝑅 exchange rate, see Exchange Rates UK (2021). 

15 IRENA (n.d., 2016, 2021), IEA (2021a), Timilsina (2020). 

16  The current global average 𝐿𝐶𝑂𝐸  for new wind projects is around 0.05 𝑈𝑆𝐷 / 𝑘𝑊ℎ , however, costs are 
expected to fall further in the coming years and decades (IRENA n.d., 2016, 2021). 
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3.3 Baseline results 

In the following, we display our baseline results for the Levelised Cost of Hydrogen Electrolysis 

(𝐿𝐶𝑂𝐻𝐸) in Georgia by the mid-2020s and the middle of this century.17 

 

 

 

We find a levelised cost of hydrogen electrolysis of 𝟐. 𝟕𝟎 𝑬𝑼𝑹/𝒌𝒈  for the mid-2020s and 

𝟏. 𝟓𝟒 𝑬𝑼𝑹/𝒌𝒈 in 2050. It becomes obvious from figure 3 and 4 that 𝐶𝐴𝑃𝐸𝑋 and electricity cost are 

the main cost components of 𝐿𝐶𝑂𝐻𝐸. Especially if investment costs fall and system lifetime increases 

throughout the coming decades in accordance with projections by IRENA, the importance of 𝐶𝐴𝑃𝐸𝑋 

(and 𝑂𝑃𝐸𝑋 ) for total cost is reduced further and electricity cost becomes the dominant cost 

component. 

 

3.4 Discussion and sensitivity analysis 

What do the above findings mean in practice for green hydrogen production and use in Georgia? Just 

as everywhere else in the world, green hydrogen is currently not cost-competitive vis-à-vis grey 

hydrogen or other fossil fuels without adequate carbon prices and/or additional policy support 

measures. In the case of our 2020s benchmark result displayed in figure 3, a carbon price per CO2 

equivalent of 𝑬𝑼𝑹 𝟏𝟓𝟔 or 𝐸𝑈𝑅 254 (or similar support policies) would be necessary to reach cost 

parity with grey hydrogen or natural gas respectively. 18  For the 2050 estimates (figure 4), the 

respective values are 𝑬𝑼𝑹 𝟒𝟗 and 𝐸𝑈𝑅 81. 

These results illustrate that green hydrogen production and usage currently still require additional 

policy support beyond carbon pricing if very high carbon prices are to be avoided. In fact, such policy 

 
17 Results for the early 2020s are based on investment cost and technology parameters for 2020. Both 2020 and 
2050 technology-specific variables are based on IRENA (2020). 

18 These shadow carbon prices are calculated on the basis of a benchmark price for grey hydrogen of 1 𝐸𝑈𝑅/𝑘𝑔, 
a natural gas price of 0.3 𝐸𝑈𝑅/𝑘𝑊ℎ, an emissions intensity for grey hydrogen of 10.92 𝑘𝑔 𝐶𝑂2𝑒𝑞 / 𝑘𝑔 𝐻2 and 
a carbon content for natural gas of 55.82 𝑘𝑔 𝐶𝑂2 / 𝐺𝐽. 

0.17
0.08

1.58

0.29

1.54

0.00

0.50

1.00

1.50

2.00

Gross cost
components

Oxygen sale
revenues

Net production
cost

CAPEX OPEX Electricity Oxygen sale revenues

0.89

0.34

1.75

0.29

2.70

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

Gross cost
components

Oxygen sale
revenues

Net production
cost

CAPEX OPEX Electricity Oxygen sale revenues

Figure 4: LCOHE Georgia 2050 

Electricity Cost:    0.04 USD / kWh 

Capacity Factor:   33% 

Source: Own calculations                  Source: Own calculations 

 

EUR / kg EUR / kg 

Figure 3: LCOHE Georgia mid-2020s 

Electricity Cost:    0.04 USD / kWh 

Capacity Factor:   33% 



 

 

 8 

support is justified precisely for bringing down the cost of green hydrogen in the medium- to long-term 

through learning and scale effects so that green hydrogen eventually becomes competitive at 

moderately high carbon prices (as illustrated by figure 4). 

The first question for Georgian policymakers – concerning the domestic use of locally produced green 

hydrogen – should thus be whether it makes sense to invest in green hydrogen production while the 

required policy support is as costly as outlined above. Perhaps it is wiser to focus on decarbonisation 

through electrification19 first20 and phase in green hydrogen production and usage later when the 

technology has matured and costs have come down. Phasing in green hydrogen production and usage 

at a later stage would mean to “free ride” on the fiscal efforts of the European Union and other 

industrialised countries subsidising green hydrogen development at the early stages. Such free riding 

would be justified by Georgia’s small size (and thus little impact on learning and scale effects) as well 

as – first and foremost – by the lower level of economic development and fiscal capacity of Georgia. In 

fact, it would not be much different from the affordable renewable wind and solar-PV technologies 

the world is enjoying today whose costs have been brought down throughout the last decade by 

subsidy schemes and associated fiscal burdens shouldered by a handful of countries. 

However, it might still make sense to use domestically produced green hydrogen for some applications 

in certain sectors in the coming years. For certain “hard-to-abate” and emissions intensive products 

such as fertiliser or steel, production with green hydrogen could be a selling point for which some 

customers might be willing to pay a premium. This could be relevant particularly for exports to the 

European Union in the context of a European carbon border adjustment mechanism (CBAM). 

Furthermore, while it comes with additional costs, a well-balanced hydrogen strategy could potentially 

contribute to energy security and reduced dependence on fossil fuel imports. Nevertheless, the fiscal 

and/or economic burden21 of required policy support should not be overlooked in this discussion. 

Another – related but different – question is the potential for exporting Georgian green hydrogen. 

Since industrialised countries will likely ramp up policy support for green hydrogen applications in the 

coming years, demand for green hydrogen will increase as it gradually becomes a globally traded 

commodity. With demand side subsidies from industrialised countries, exporting green hydrogen will 

become economical for some countries with large endowments of cheap renewable energy sources. 

The question for Georgia in this context is not the size of required policy support (which would be 

provided by the importing countries) but the competitiveness of Georgian green hydrogen production 

relative to other countries. 

In order to assess this relative competitiveness, we compare the cost of Georgian green hydrogen 

production in the mid-2020s (see figure 3 above) with two hypothetical competitors, using solar-PV 

power only (figure 5) and using a mix of solar-PV and wind power (figure 6). In both cases, very 

favourable conditions are assumed for the temporal availability and cost of the renewable electricity 

in order to compare Georgian green hydrogen production from hydropower with, i.e., Moroccan green 

hydrogen from solar-PV and hybrid solar-PV-wind power. 

 
19 Similar to green hydrogen production, this necessitates a scale-up of renewable electricity generation. 

20 In addition to decarbonisation, methane emissions from the agricultural and waste sectors deserve a closer 

look (incl. assessment of abatement costs). 

21  Depending on the policy mix of carbon pricing and subsidies, the burden might be distributed differently 

between the government budget, producers, and consumers. 
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The only two variables changed from the baseline mid-2020s 𝐿𝐶𝑂𝐻𝐸 for Georgia (figure 3) are the 

electricity cost and the capacity factor. Solar-PV power has a lower capacity factor but can be 

substantially cheaper than hydropower for the most competitive projects. While a hybrid solar-PV-

wind park is relatively more expensive than pure solar-PV – but potentially still cheaper than 

hydropower – it can reach substantially higher capacity factors in the most favourable locations.22 

The above calculations reveal three relevant insights for the relative competitiveness of Georgian 

green hydrogen exports: 

1. Georgian green hydrogen production from hydropower is likely more costly than the most 

competitive solar-PV or hybrid solar-PV-wind hydrogen projects except under very optimistic 

assumptions for the levelised cost of electricity from hydropower and/or its capacity factor 

(see figure 7). The question remains how abundant such ideal solar & solar-wind locations are. 

Georgian green hydrogen could still play a role further down in the “green hydrogen merit 

order” if sufficient demand exists. In other words, it might still be competitive vis-à-vis green 

hydrogen from less ideal solar and/or wind locations or those with higher financing costs. 

Furthermore, importers might want to diversify their green hydrogen supply and not only rely 

on a handful of countries with the most ideal production conditions. 

2. There is a trade-off between the cost and temporal availability (capacity factor) of the 

renewable energy source used for hydrogen production. While hydropower is usually more 

expensive than e.g. solar-PV power, a higher capacity factor can bring down the final cost of 

green hydrogen production (see figure 7). Thus, a (very) low electricity cost in tandem with a 

high capacity factor might potentially make Georgian green hydrogen competitive even with 

green hydrogen from the most competitive solar and/or wind locations in the short- to 

 

22 IRENA (2019), p. 26. 

Figure 5: LCOHE Solar-PV Competitor 

                 mid-2020s 

Electricity Cost:    0.015 USD / kWh 

Capacity Factor:   21% (5 kWh / kWp per day) 

Figure 6: LCOHE Hybrid Solar-PV & Wind 

                 Competitor, mid-2020s 

Electricity Cost:    0.03 USD / kWh 

Capacity Factor:   60% 
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medium-term. It remains to be assessed whether these ideal conditions – exceeding 

assumptions from the baseline calculations in figure 3 – can be achieved in Georgia.23 

3. As electrolyser technology improves and capital investment costs fall, this trade-off will be 

skewed more and more towards electricity cost (compare figure 7 and 8). This is bad news 

for the future competitiveness of Georgian green hydrogen since its comparative advantage is 

the (relatively) high capacity factor of its hydropower and not its electricity cost. In addition, 

hydropower is a very mature technology with limited expected efficiency improvements and 

cost reductions, whereas substantial further cost reductions can be expected from both solar-

PV and wind power.24 

 

 

 

 

 

4 Preconditions for Infrastructure Development 

As explained, the above cost calculations only consider the cost for green hydrogen production, 

abstracting from downstream costs for compression or liquefaction, transportation, and storage. 

Therefore, we call the determined cost Levelised Cost of Hydrogen Electrolysis (𝐿𝐶𝑂𝐻𝐸) and not 

simply Levelised Cost of Hydrogen (𝐿𝐶𝑂𝐻). The latter might imply that all costs of the green hydrogen 

value chain are incorporated, thus representing a cost for final consumers (and taxpayers if we 

consider subsidies). 

While compression/liquefaction, transportation, and storage costs are excluded in the calculations 

above, the following sections shall give a brief qualitative overview of whether preconditions for 

infrastructure needs are satisfied in Georgia and what obstacles for green hydrogen use and/or export 

with respect to infrastructure might exist.  

 
23 For a system-wide assessment of electricity costs and capacity factors, it would be appropriate to perform 
scenario-based modelling of the Georgian electricity system. Due to the limited scope of this policy paper, 
however, we restrict ourselves to a schematic assessment with different reasonable values of these parameters. 

24 IRENA (2016). 
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4.1 Electricity System 

Both the country’s distribution and transmission grids and its economy’s energy efficiency need to be 

improved. However, first steps have been taken in this direction.25 In addition, Georgia needs to 

expand its electricity generation capacity of hydropower and wind power to cover increasing 

domestic electricity demand in addition to potential green hydrogen production needs.26 At the same 

time, to ensure energy security, Georgia needs to assess climate change-related risks for hydropower 

by conducting a climate vulnerability assessment.27 Currently, seasonal green hydrogen production 

could take place from spring to summer – when most electricity from hydropower plants is generated. 

However, storage is a large issue. 

 

4.2 Hydrogen storage 

Hydrogen can potentially be stored in the vast Georgian gas network and in the Sambori Southern 

Dome oil field, which is in an early development stage of being transformed into an underground gas 

storage facility. However, overall, the Georgian gas network needs modernisation. In 2016, total losses 

in the gas distribution system amounted to 112 mcm (5% of the delivered gas) and to 24 mcm in the 

gas transmission system (1% of the transported gas).28 Natural gas losses differ from country to country 

and depend on various factors, such as whether the country is a producer, importer and/or exporter 

of natural gas, as well as the type of formations and the quality and quantity of natural gas. The natural 

gas leakage in Georgia is relatively high compared to the international average natural gas leakage 

ranging between 1% for the transported gas and 6% of the distributed gas.29  

There are no known salt caverns for seasonal storage of molecular hydrogen. The development of new 

hydrogen storage facilities takes time and is costly. 

  

 
25 GSE (2021). 

26 If electricity supply is increased in accordance with Georgia’s ten-year network development plan, the country 

could produce an excess of 14 TWh of (mostly renewable) electricity per year in 2030 (GSE, 2020), which could 

theoretically be used for green hydrogen production – however, green hydrogen production would compete 

with regional electricity exports. Furthermore, the projected increase in electricity supply seems overly optimistic 

(IEA, 2020) due to local opposition to several new hydropower projects owing to environmental concerns, 

problems with construction permits, as well as a missing support scheme for non-hydro renewables, amongst 

other things. 

27 Hellmuth et al. (2017). 

28 Georgian Oil & Gas Corporation (2017). 

29 Ayalon (2020). 
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4.3 Transportation to domestic consumers 

In the short-term, only direct consumption by “hard-to-abate” sectors close to production facilities 

(i.e. electrolysers) seems feasible. In the medium-term, an upgrade of the existing vast natural gas 

infrastructure might be considered (however, the maximum admixture of hydrogen is around 30%). A 

separate hydrogen network might be constructed in the long-term if necessary.  

Another option to consider in the long-term is using the existing natural gas network for 100% 

hydrogen. German experience shows that it can be a feasible option to connect hydrogen producers 

directly with nearby heavy industry, upgrading and using the existing natural gas infrastructure. While 

there is a German roadmap how to transform the natural gas infrastructure into a 100% hydrogen 

infrastructure, it is worth noting that so far Germany has only three existing regional 100% hydrogen 

pipelines. Thus 100% hydrogen pipelines can be a regional solution but can only be economically 

feasible if demand is high, such as in combination with heavy industry clusters.  

 

4.4 Export 

In principle, hydrogen export is possible in liquid form by road, rail, ship, or in gaseous form by pipeline. 

Export by road or rail only seems economically feasible – if at all – in very limited circumstances and to 

neighbouring countries. Export by pipeline to Turkey and beyond might be technologically feasible 

through the Baku-Tbilisi-Erzurum South Caucasus Pipeline (SPC). Again, a maximum of around 30% 

admixture of hydrogen in natural gas pipelines applies, making it unattractive for pure hydrogen 

applications. Pipeline upgrade costs would have to be covered and political agreements with (at least) 

Azerbaijan and Turkey (as well as possible downstream recipients of the natural gas / hydrogen blend) 

would have to be made. 

Export through 100% hydrogen pipelines faces serious challenges, since it must be taken into account 

that a Georgian 100% hydrogen pipeline would need to be connected to an international network of 

100% hydrogen pipelines which currently does not exist. Building a functioning international 100% 

hydrogen infrastructure faces both massive economic as well as political challenges.  

Export via ship, either as liquified hydrogen or ammonia, seems technologically feasible from Batumi 

Sea Port, Kulevi Port, or the Supsa Terminal. Terminals would need hydrogen-specific infrastructure 

upgrades and additional costs of liquefier infrastructure or nitrogen fixation (ammonia production) 

apply. 

A quantification of the above cost factors is beyond the scope of this paper but should be considered 

in subsequent analyses. For cost estimates of hydrogen transportation, see Brändle et al. (2021), IEA 

(2019) and IRENA (2019). In general, it should be noted that seaborne transportation adds substantially 

to final hydrogen supply costs, which makes it less competitive than transport via pipeline for distances 

under 7000 km.30 

 

 
30 Brändle et al. (2021). 
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5 Summary and Policy Implications 

Production of green hydrogen in Georgia is feasible in principle. It would have to be accompanied by 

investments into electricity grid and natural gas/hydrogen only infrastructure, energy efficiency and 

substantial renewable power generation capacity development, both in additional hydropower plants 

as well as onshore wind capacities. 

Green hydrogen production for domestic use would have to be supported with substantial carbon 

prices as well as additional support measures in the short- and medium term. Appropriate support 

measures could be exemptions from taxes and levies, investment support, financial and political de-

risking, green hydrogen supply contracts (either through fixed premia or with a two-sided auction) on 

the supply side as well as a clear taxonomy, carbon contracts for difference, and blending quotas on 

the demand side. For a more detailed discussion, see Agora Energiewende and Guidehouse (2021). 

Before considering incentivising green hydrogen applications, however, Georgian policy makers should 

develop a comprehensive energy and climate strategy (ideally in the context of a more ambitious 

NDC) where green hydrogen could play its appropriate role. Importantly, green hydrogen applications, 

such as for decarbonisation of hard-to-abate industry, should be compared with emissions abatement 

in other sectors such as the waste and transport sectors and residential heating. These considerations 

should contain an assessment of the fiscal burden of necessary support policies and an impact 

assessment of carbon pricing if substantial carbon prices are part of the policy mix. While coming at a 

price, domestically produced green hydrogen could contribute to Georgia’s energy security and reduce 

dependence on fossil fuel imports. 

Export of Georgian green hydrogen might be profitable depending on diversification strategies of 

importing countries. While production of green hydrogen in Georgia would likely be more costly than 

the cheapest green hydrogen produced from solar-PV and/or wind power in other countries exhibiting 

ideal conditions, Georgia also has significant production potential that could be tapped once 

renewable electricity generation in the country is expanded. The overall competitiveness of Georgian 

green hydrogen exports is subject to uncertainties and depends on realised electricity costs and 

capacity factors for Georgian hydropower, the future abundance of more competitive hydrogen from 

third countries, as well as the total demand for green hydrogen in the coming years and decades. 

Both for export and domestic use, important obstacles would have to be overcome with regard to the 

lack of hydrogen transportation and particularly storage infrastructure in Georgia. 
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Appendix 

Table 1: Overview of technical assumptions and definitions 

 Description Value 

(baseline) 

Unit  Source 

𝑴𝑯𝒚𝒅𝒓𝒐𝒈𝒆𝒏 Atomic molar mass of 

hydrogen 

1.008 g/mol Wieser & Coplen (2010) 

𝑴𝑶𝒙𝒚𝒈𝒆𝒏 Atomic molar mass of 

oxygen 

15.999 g/mol Wieser & Coplen (2010) 

𝑳𝑯𝑽 Lower heating value of 

hydrogen 

33.33 kWh/kg Ludwig-Bölkow-

Systemtechnik (n.d.) 

𝒊𝒏𝒗𝒆𝒔𝒕𝒎𝒆𝒏𝒕 Electrolyser system 

upfront investment cost 

750 USD/kW IRENA (2020) 

𝑾𝑨𝑪𝑪 Weighted average 

cost of capital 

5% / Own assumption 

(see discussion p. 5f) 

𝒇𝑶𝑷𝑬𝑿  OPEX factor 3% / Brynolf et al. (2018) as 

cited in Christensen 

(2020) 

𝛈 Electrolyser system 

efficiency 

66.66% / IRENA (2020) 

𝒕 Electrolyser system 

lifetime 

60,000 h IRENA (2020) 

𝛋 Capacity factor 33% / Own assumption 

𝑳𝑪𝑶𝑬 Levelised Cost of 

Electricity 

0.04 USD/kWh IRENA (n.d., 2016, 2021), 

IEA (2021a), Timilsina 

(2020) 

𝑼𝑺𝑫/𝑬𝑼𝑹 Average annual 2020 

USD/EUR exchange rate  

1.142 USD/EUR Exchange Rates UK 

(2021) 

𝑽𝒂𝒍𝒖𝒆𝑶𝒙𝒚𝒈𝒆𝒏 Value of produced 

oxygen 

0.06 EUR/kg Pardo et al. (2012) as 

cited in Vogl et al. (2018) 

𝑺𝒉𝒂𝒓𝒆𝒔𝒐𝒍𝒅 Share of produced 

oxygen monetised 

60% / Pardo et al. (2012) as 

cited in Vogl et al. (2018) 

𝒈𝒓𝒆𝒚 𝑯𝟐 𝒆𝒎𝒊𝒔𝒔𝒊𝒐𝒏𝒔 𝒊𝒏𝒕𝒆𝒏𝒔𝒊𝒕𝒚  Emissions intensity of 

grey hydrogen 

production 

10.92 kg CO2eq 

/ kg H2 

CertifHy as cited in 

Hydrogen Council (2021) 

𝒏𝒂𝒕𝒖𝒓𝒂𝒍 𝒈𝒂𝒔 𝒄𝒂𝒓𝒃𝒐𝒏 𝒄𝒐𝒏𝒕𝒆𝒏𝒕 Carbon content of 

natural gas 

55.82 kg CO2 / 

GJ 

Quaschning (2019) 

𝒈𝒓𝒆𝒚 𝑯𝟐 𝒑𝒓𝒊𝒄𝒆 Price of grey hydrogen 1 EUR/kg IRENA (2019) 

𝒏𝒂𝒕𝒖𝒓𝒂𝒍 𝒈𝒂𝒔 𝒑𝒓𝒊𝒄𝒆 Price of natural gas 0.03 EUR/kWh Mantzos et al. (2019) 

 


