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Preface 
 

Within the framework of the International Climate Initiative (IKI), the German government commis-
sioned the GIZ to implement the program “Capacity Development for Climate Policy in the Countries 
of Southeast, Eastern Europe, the South Caucasus and Central Asia, Phase III (CDCPIII)”. Individual 
and small cooperation projects (individual measures) are being implemented in the partner coun-
tries to facilitate small-scale climate interventions and further strengthen the capacities for ambi-
tious climate policy planning and implementation.  

Amongst those projects is the individual measure titled "Technical and methodological support of 
the Green Hydrogen Strategy of Montenegro". The measure responds to a concrete request of the 
Ministry of Capital Investments of Montenegro, Directorate of Energy to provide support in the as-
sessment of the hydrogen potential of Montenegro and to formulate a Hydrogen strategy draft, de-
velop a vision, and define a roadmap. The measure is required to be in full alignment with the draft 
of the National Energy and Climate Plan (NECP), adopted by the government of Montenegro and 
sent for a public hearing.  

Montenegro, as an EU candidate country, recognizes the importance of Renewable energy sources 
(hereafter RES), green transition and sustainable, green hydrogen based on laws, directives and 
guidelines adopted by the EU:  

1. European Green Plan – the first climate-neutral continent by 2050 

2. Hydrogen strategy for a climate-neutral Europe and  

3. 3. European strategy for the integration of energy systems.  

According to the EU strategy for hydrogen, in the first period from 2020 to 2024, the strategic goal is 
to enable the installation of at least 6 GW of electrolyzers with the production of up to 1Mt of renew-
able hydrogen (so far, around 1100 MW have been installed worldwide).  

In the period from 2025 to 2030 (second phase), hydrogen should become an integral part of the 
integrated energy system with the strategic goal of installing electrolyzers of at least 40 GW total 
capacity for the production of up to 10 Mt of renewable hydrogen (in this phase, hydrogen will be 
used mainly in energy and traffic).  

Finally, in the period from 2031 to 2050 (third phase), a wider scale of application of renewable hy-
drogen technology in various sectors is planned.  

Why do we need the strategic plan for the hydrogen economy in Montenegro? The European Parlia-
ment supported the European Commission’s Hydrogen Strategy for a climate-neutral Europe, pre-
pared in 2020. Also, Montenegro acknowledges the importance of hydrogen as one among various 
potential solutions that could contribute to the fulfillment of the country’s climate and energy goals 
outlined under the umbrella of the Energy Community Treaty (Decision 2022/02/MC-EnC) , the Sofia 
Declaration on the Green Agenda for the Western Balkans, and the Paris Agreement. In 2021, the 
Energy Community Secretariat conducted a “Study on the potential for implementation of hydrogen 
technologies and its utilization in the Energy Community”, which also covered Montenegro as an 
Energy Community Contracting Party (CP). “For each Contracting Party, the study assessed the driv-
ers for introducing hydrogen, its potential production capacity, availability of delivery infrastructure, 
and potential hydrogen applications.” The study found that most of these assessment parameters 
were relatively less conductive or least conductive for promoting hydrogen in Montenegro. Hydrogen 
has not been actively considered in existing energy plans and policies in Montenegro.  

It is by now a general opinion that the widespread use of hydrogen is one of the solutions for decar-
bonizing industrial processes and sectors in which direct electrification is difficult to apply. Hydro-
gen is crucial for the EU to attain carbon neutrality by 2050 and to advance global initiatives in line 
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with the Paris Agreement to reduce pollution. Since Montenegro aspires to be part of the European 
Union, it has to emphasize clean energy solutions and diversify its energy sources.    

The strategy's goal is to increase the competitiveness of the Montenegrin economy and pursue car-
bon neutrality following the Paris Agreement, as well as other strategic documents of the EU, partic-
ularly the European Green Deal, the New Industrial Strategy for Europe, and the Europe Moment: 
“Repair and prepare for the next generation.”   

The specific goals of the Strategy are the creation of a stable regulatory framework for investments 
in the green hydrogen economy, development of the green hydrogen infrastructure, integration of 
green hydrogen into the existing economic system and decarbonization of relevant sectors, innova-
tion, education, training, and the promotion of green hydrogen. To achieve this, an improved and 
continual cooperation of the government with local municipalities and relevant regional and inter-
national organizations is of crucial importance. 
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1 Executive Summary 
 

The world’s energy systems are undergoing a radical transformation driven by the need to mitigate 
climate change. Countries worldwide are developing new hydrogen strategies and policies to pro-
mote the production and use of hydrogen through cost reduction and demand creation. Hydrogen 
is one of the possible new, low-carbon solutions for decarbonization that is critical for Montenegro’s 
transition to a zero-emission society. 

Chapter 2 (Role of Hydrogen Today) of the documents briefly explains state-of-art in the whole value 
chain of the hydrogen economy. It outlines the possibilities, challenges and obstacles on the road 
to introducing technologies for production and hydrogen storage and transportation.  

Chapter 3 (Current Situation in Montenegro) describes the state of the economy and stakeholders 
in Montenegro. Montenegrin economy has shown resilience in the face of challenging external con-
ditions, with several sectors experiencing growth that surpasses pre-pandemic levels. Positive de-
velopments have been observed in tourism, industrial production (specifically in electricity, gas, and 
steam supply sectors), various modes of transportation, trade, and forestry. Montenegro, as a can-
didate for membership in the European Union, is obliged to implement EU regulations. The chapter 
deals with the state of the art in academia regarding hydrogen-related activities. 

Chapter 4 (Potential Analysis in Montenegro Regarding RES and Green Hydrogen) forms the core of 
the document setting out a whole-systemic approach to developing of the Montenegrin hydrogen 
economy. Based on the current situation in different aspects of the economy and energy sector, as 
well as the potential of Montenegro regarding RES and its use possible for the production and utili-
zation of green hydrogen, the SWOT analysis has been performed and presented. Hydro, solar and 
wind energy potential in Montenegro has been discussed. Montenegro has a great potential for the 
use of solar energy, i.e. the number of hours of insolation is greater than 2,000 h/year for most of the 
territory, while the coastal part has more than 2,500 h/year. Further, the potential of the Montenegro 
coastline showed that wind farms could be built on the Montenegrin coastline with a technical po-
tential of 1000-1500 MW and an off-shore total capacity of 2,300 MW.  Moreover, the barriers to RES 
utilization for hydrogen production are also discussed. These are the lack of infrastructure, both nat-
ural gas or dedicated pipelines and the lack of capacity of distributive electrical network. Also, scar-
city and dispersed water supply pose a major problem for the utilization of RES for hydrogen produc-
tion. Pathways for decarbonization of all aspects of Montenegrin society are perceived as an obliga-
tion to be imposed by the future Integral NECP, and assumed by the adoption of the Paris Climate 
Agreement, the Green Agenda for the Western Balkans and other international documents. Regard-
ing the NECP of Montenegro, three different scenarios for the future use of RES in Montenegro were 
considered: (BAU, WEM and WAM) for the period 2030-2050. Two scenarios for the future use of 
green hydrogen in Montenegro were considered, based on WAM scenario of NECP: Scenario of Mod-
erate Hydrogen Economy implementation in Montenegro (MH2E) and Scenario of Ambitious Hydro-
gen Economy implementation in Montenegro (AH2E). Within the framework of both MH2E and 
AH2E, three different types of goals were considered: short-, middle- and long-term goals. No dedi-
cated RES for hydrogen production is envisaged for 2030. A demonstration or pilot project with in-
stalled 1 MW in MH2E (3 MW in AH2E) power for electrolysis production of green hydrogen and cov-
ering the entire H2 production-storage-transport-utilization chain, is to be conducted before the in-
troduction of dedicated RES capacities, expected later. If we assume an average investment of 1.21 
million euros per MW until 2050, a preliminary estimation indicates that for the construction of elec-
trolyzer plants in Montenegro, it is necessary to invest between 127 million (Scenario of Moderate 
Hydrogen Economy Implementation in Montenegro) and 211.75 million euros (Scenario of Ambi-
tious Hydrogen Economy Implementation in Montenegro), until 2050. The total cost for green hydro-
gen will be in the MH2E scenario 381 and the AH2E scenario 635.25 million euro. 
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Chapter 5 (Ambitions and Short- Mid- and Long-term Goals) defines goals and ambitions for devel-
oping a hydrogen economy in Montenegro. Harmonization of the regulatory framework is an im-
portant task by the year 2030 following its status as an EU member candidate country and future 
member state. A shift of economic and social paradigm toward hydrogen and related technologies 
will lead to the decarbonization of industry, energy, transport, and tourism sectors. Finally, a conse-
quence of the abovementioned paradigm shift will be accompanied by further academia and R&D 
sector development, boosting innovations, international collaboration and knowledge exchange, 
and increasing the number and quality of highly educated personnel in the field of renewable energy 
and hydrogen-related technologies.  

The short-term goal is creating a stable regulatory framework and financial network needed for in-
vestments in the green hydrogen economy, hydrogen pilot projects in transport and green hydrogen 
production, as well as the foundation of the National Hydrogen Council which, together with relevant 
ministries and the Statistical Office will be prepared for the leading role in governance and achieve-
ment of middle and long term goals.  

The mid-term goal is to establish public-private partnerships and transition from pilot projects to 
large-scale hydrogen production with the help of strong financial incentives from the government 
and relevant ministries. Strengthening of the R&D sector, knowledge transfer and training of staff for 
the upcoming transition.  

The long-term goal covers the production of green hydrogen from up to 15% of available RES having 
the leading role of the private sector in line with the expected price drop of electrolyzers and accom-
panying technologies, as well as the established economic profitability. Reaching the goals of de-
carbonization of the energy sector, transport sector (road, river, short-range maritime) and industry 
with further development of the accompanying infrastructure.  

Chapter 6 (Assessment of Opportunities for Montenegro - Industry and Economy) explains the pos-
sibilities for growing business in the hydrogen value chain. Power-to-X and decarbonization of 
transport (road, short-range maritime and hybrid (maritime-road) public transport) and to some ex-
tent industry energy-intensive branches are recognized as sectors with great potential for hydrogen-
driven green transition in Montenegro. 

Chapter 7 (Foundation/frameworks/elements for the National Green Hydrogen Strategy of Montene-
gro) gives the decision-making and regulatory framework as well as the role of R&D and education. 
It outlines a training program for employees of authorities and state institutions. An analysis of the 
potential for international partnerships is given. 

Chapter 8 (The Action plan is given in Chapter 8 contains 6 actions; 1. Creating a stable regulatory 
framework for investments in the green hydrogen economy, 2. Planning and development of infra-
structure for green hydrogen, 3. Integration of green hydrogen into the existing economic system and 
its decarbonization (energy, transport, industry, etc.), 4. R&D, Science, Innovation, Education, train-
ing and promotion of green hydrogen, 5. Improving cooperation with local municipalities, regional 
and international organizations and 6. Monitoring and evaluation. Every action has assigned 
measures defined according to short-, medium- and long-term strategy goals, as defined in Chapter 
5.   

In Chapter 9 (Governance of the Strategy) the formation of the National Hydrogen Council is pro-
posed to coordinate all activities related to the hydrogen economy in Montenegro. The rise of public 
awareness and knowledge of the hydrogen economy and its aspects is foreseen through exchanging 
information and ideas at fairs, round tables, thematic shows, conferences, etc.  

In Chapter 10 the key recommendation and final remarks are given. The key recommendations have 
been categorized according to the sectors and stakeholders being addressed. Measures addressed 
to governmental bodies are 1. Taking measures to adopt strategies and national objectives regarding 
green hydrogen in Montenegro and 2. Implementation of the EU Regulation 2023/1804 on the 
deployment of alternative fuels infrastructure. For the energy and industry sector the measures are: 
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3. Improvement of the fulfillment of objectives in the production and application of renewable energy 
from wind and photovoltaics, 4. Ensurement of the electric power system load balancing and the 
reception of energy from intermittent sources - new photovoltaic and wind power plants, 5. Adoption 
and implementation of technical standards for green hydrogen; 6. Adoption of procedures for 
issuing a guarantee of origin for green hydrogen and 7. Prioritization of the use of green hydrogen in 
sectors that are difficult to decarbonize without more cost-effective alternatives such as energy, 
transport (public, short-distance regional and short-distance maritime transport) and industry; Mea-
sures for the financial sector include 8. Implementation of financial measures and incentives to ac-
celerate the initial stages of implementation of green hydrogen technologies, while education and 
science measures include 9. Provision of quality personnel knowledge/skills transfer, as well as 
technology transfer for the research & development of advanced hydrogen technologies and 10. Im-
provement of international cooperation and alliances, along with raising public awareness to ac-
celerate the penetration of green hydrogen into the national economy. 
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2 Role of Hydrogen Today  
 

Hydrogen is the simplest, smallest, and lightest chemical element. From the energy point of view, 
one can consider hydrogen as a fuel, either through direct combustion or using fuel cell technology. 
Hydrogen is regarded as an energy vector: it possesses high gravimetric energy density and as such 
can be used to store energy obtained by other means of production. Unfortunately, it also has a very 
low volumetric energy density. It means that standard ways of hydrogen storage (high pressurized 
gas tanks or in the cryo-liquid state in dewars) are not particularly efficient, with an open question of 
safety and price. Hydrogen is highly flammable, it readily diffuses into non-acid-resistant steels and 
notoriously easily leaks from installations. These properties pose drawbacks to a viable hydrogen 
economy – storage, transport, and hydrogen consumption are to be assessed by solving hydrogen 
losses and improving safety. The hydrogen value chain is presented in Figure 1.1. 

 
Figure 1.1 Hydrogen value chain 1 

2.1 Production 
Around 120 Mt of hydrogen is produced globally per annum. This equals 14.4 exajoules (the equiva-
lent of 4000 TWh), about 4% of global final energy and non-energy use. By far most of the hydrogen 
(around 95% of overall production) is obtained in the process of steam reforming from coal, bio-
mass, or natural gas (black and grey hydrogen) (see Figure 1.2). It is estimated that the current car-
bon footprint of hydrogen is between 70 and 100 Mt CO2 annually at the EU level only. Alternative 
hydrogen production from water electrolysis requires a large energy input, approximately 50-55 
kWh/kg of H2. Hydrogen obtained by electrolysis from renewable energy sources (wind, solar, etc.) 
is called green hydrogen. The share of electrolyzers in overall hydrogen production in the EU is only 
around 0.3% 2. 

 
1 Adopted from: DoE Hydrogen Program Plan 2020, URL: https://www.hydrogen.energy.gov/docs/hydrogen-
programlibraries/pdfs/hydrogen-program-plan-2020.pdf 
2 Clean Hydrogen Monitor 2023, Hydrogen Europe, 2022 data. 
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Figure 1.2 Colors of Hydrogen 

Water electrolysis is a desirable alternative to steam reforming since pure hydrogen can be obtained 
using electricity obtained from renewable sources. There are three prevalent technologies for water 
electrolysis: Alkaline water electrolyzers (AWE), Electrolyzers with polymer-electrolyte membrane 
(PEM) and Electrolyzers with solid oxides (SOE). AWE used to be the most common, while the other 
two are in an almost mature phase of development having in mind cost, efficiency and durability, 
often identified as the main critical aspects3. PEM is emerging as dominant for small and mobile 
applications.  

It is anticipated that total green hydrogen generation will reach 5,000 gigawatts (GW) by 2050. To 
support global net-zero emission goals, an astounding 21,000 terawatt-hours (TWh) of renewable 
power output will be needed. By 2050, achieving this lofty objective will need a significant invest-
ment of USD 11.7 trillion in electrolyzers, renewable energy, and pipeline reconfiguration 4.  

2.2 Storage 
Due to its very low volumetric energy density compared to conventional fuels, larger vessels are 
needed for the storage of significant amounts of hydrogen. A successful hydrogen storage technol-
ogy must satisfy at least one of the following three criteria: high pressure, low temperature, and/or 
the use of materials that can chemically bind a large amount of hydrogen. 

Based on the implementation of these criteria, storage technologies are divided into physical, and 
technologies based on the use of hydrogen-binding materials.  

Large volumes are necessary for the storage of large quantities of hydrogen obtained e.g. by using 
energy surpluses from the electricity grid. The very first choice is artificially created salt caves, pri-
marily due to the inertness of hydrogen in contact with salt. Typical volumes are in the order of hun-
dreds of thousands of cubic meters with an operating pressure of 20 MPa. The second option is nat-
ural storage sites already used for natural gas.  

Liquefaction of hydrogen is carried out at a temperature of -250 °C. This method is used for storing 
and transporting medium and large amounts of hydrogen in large cryogenic vessels in trucks, rail-
road wagons, and maritime ship traffic. Another cryo-option includes a super-critical cryogenic gas 

 
3 Hydrogen energy systems: A critical review of technologies, applications, trends and challenges - Rene-
wable and Sustainable Energy Reviews 146 (2021) 111180 
4 IRENA. Hydrogen: A renewable energy perspective. Tech. rep. Paris, Sept. 2019.   
URL: https://www.irena.org/publications/2019/Sep/Hydrogen-A-renewable-energyperspective.  
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obtained without liquefaction. The method enables a storage density 15% higher than the density of 
liquid hydrogen.  

Storage in materials is often the safest and most efficient way to store hydrogen. Typically, a chem-
ical reaction is required to release or bind the hydrogen, such as bonding in covalent and ionic com-
pounds, like ammonia (15.1 mass.% H2) and methanol (8.9 mass.% H2) and chemically bonded 
hydrogen in metals – metal hydrides (up to 7.6 mass.% H2). The methods of solid-state hydrogen 
storage are not yet technologically fully mature, although there are successful prototypes and com-
mercial solutions. 

2.3 Transport 
Today, hydrogen is typically transported in the form of compressed gas through pipes or as liquid 
hydrogen in dewar containers. The storage and transport of hydrogen in materials in the form of che-
mical compounds is a possible alternative, if the transport is extended (due to safety and costs), 
while all forms of transport can be used for local, regional and continental needs.  

Compressed hydrogen gas mixed with natural gas or pure hydrogen is intended to be transported 
through the existing gas pipelines. Transporting hydrogen in existing gas pipelines is an economical 
way to supply consumers with a larger amount of hydrogen. It is assumed that a mixture of natural 
gas and hydrogen with a low hydrogen content (≤ 5÷15/20%) can be transported through the existing 
network of gas pipelines without significant risks for the occurrence of damage and breakdowns on 
the gas pipelines. However, there is still no clear position in the scientific and engineering commu-
nity on this issue and the eventual security risks it poses. 

Hydrogen is also transported by road traffic in dedicated high-pressure transport units. The basic 
regulative document prescribing which dangerous goods can be transported in Montenegro, inclu-
ding hydrogen, is the Law on the Transport of Dangerous Materials (Official Gazette of Montenegro 
No.33/2014 and 13/2018), and the International Agreement on the Transport of Dangerous Goods - 
ADR, which has been ratified in Montenegro in 2006. If the transport of compressed hydrogen is car-
ried out in accordance with ADR regulations, the said transport is considered safe.  

Currently, there are no containers approved for rail transport in Europe, nor tank cars for the trans-
port of compressed or liquid hydrogen, although the development of specialized wagons for this 
purpose is well advanced (e.g. DB Cargo). In China and the United States, there are several types of 
vehicles for this purpose.  

Maritime transport of hydrogen (in liquid state or by its carriers) may contribute to bridging the imba-
lance between the geographical demand for green hydrogen and the regional productional potential. 
Montenegro has been a member of the International Maritime Organization since 2006. Actual Law 
on the transportation of dangerous substances (Official Gazette of Montenegro 33/2014 and 
13/2018.), article 73, states: 

„During the transportation of dangerous goods in maritime traffic, they are applied, in addition to the 
safety measures for the transportation of dangerous goods matters prescribed by this law, and safety 
and security measures determined by the regulations governing maritime safety navigation and pro-
tection of the sea from pollution from vessels, as well as safety and security measures determined 
by the confirmed international agreements in the field of maritime navigation.“ 
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2.4 Utilization 

2.4.1 Hydrogen in the Energy  Sector 
Hydrogen utilization in the power sector involves the use of fuel cells (FC) or gas turbines to generate 
electricity. The energy efficiency of fuel cells in electricity production ranges from 40 to 60% 5. Gas 
turbines are commonly used in combination with a steam turbine, known as a combined cycle gas 
turbine (CCGT), increasing the overall efficiency by up to 64%. 

In the past, various types of FC were investigated, but today the focus is mainly on two types: poly-
mer electrolyte membrane fuel cells (PEM FC), for use in cars and other means of transport, and 
solid oxide fuel cells (SOFC) mainly for stationary systems for the cogeneration of electricity and 
thermal energy. The biggest advantage of using hydrogen in FCs is that practically the only reaction 
product is water, so it is the most acceptable fuel from the point of view of reducing GHG emissions. 
The biggest disadvantage of PEM FCs in the application of hydrogen-powered vehicles is their price 
(catalysts are still based on precious metals). They are still very expensive compared to conventional 
vehicles and electric cars. 

Fuel cells can generate the greatest amount of electricity compared to any other Combined Heat 
and Power technology. Fuel cells are a versatile and adaptable technology that can be expanded 
from powering individual residences to large corporate buildings and industrial facilities. This appli-
cation offers remarkably high efficiency, reaching up to 95% in total. 

An alternative method of producing hydrogen from renewable energy sources is to capitalize on pe-
riods of "surplus" electricity generated by renewables. During these periods, the power system is 
unable to consume or transmit all the electricity produced, necessitating a reduction in capacity. 
Instead of cutting off the excess electricity, it can be utilized to power electrolyzer systems for hyd-
rogen production. 

Hydrogen presents a promising option for seasonal long-term energy storage. By combining hydro-
gen production from renewable sources with hydrogen storage, the system's long-term flexibility and 
stability can be ensured. Seasonal weather changes impact the energy output of wind and solar 
power systems, highlighting the need for energy storage to replenish the system during periods of 
excess capacity and to supply it during capacity shortages throughout the season. 

2.4.2 Hydrogen in Industrial Applications 
Hydrogen plays an important role in reducing greenhouse gas emissions in energy-intensive indust-
ries like ammonia and methanol production, as well as oil refining, which has been linked to high 
pollution levels. 

The primary industrial method for ammonia production today is the Haber-Bosch process, which 
involves the direct combination of hydrogen and nitrogen under specific pressure and temperature 
conditions with the help of a metal catalyst. Ammonia production is currently the largest application 
of hydrogen in the industry. 

Methanol (CH3OH) is a key component in the chemical and pharmaceutical industries, as well as in 
the production of synthetic hydrocarbons. Green hydrogen can be used with carbon dioxide to pro-
duce methanol under high pressure and temperature conditions, with the aid of a catalyst. 

Hydrogen is also used in various processes within the oil refining industry, such as hydrotreating, 
hydrocracking, and hydrodesulfurization. These processes help reduce the environmental impact of 
petroleum products, improve their quality, and lower their sulfur content. 

 
5   Fuel cells, Office of Energy Efficiency & Renewable Energy,  
URL: https://www.energy.gov/eere/fuelcells/fuel-cells 
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Moreover, hydrogen can help reduce carbon dioxide emissions in the steel industry. The blast fur-
nace-basic oxygen furnace method of steel production, which heavily relies on coal and coke as 
reducing agents, currently results in high carbon emissions. This industry aims to achieve carbon-
neutral steel production by using hydrogen as a clean reducing agent in a process called direct re-
duction. 

Hydrogen is also essential in converting unsaturated fats into saturated oils and fats. The food in-
dustry uses hydrogen to produce hydrogenated vegetable oils, which are crucial in making marga-
rine and butter. In a batch process, saturated oils and fats are hydrogenated in a heated tank. 

Modern large electrical generators often utilize hydrogen gas as a coolant for the rotor. This choice 
is primarily driven by the low density, high thermal conductivity, and high specific heat capacity. 

2.4.3 Hydrogen Application in Transport 
Transportation is the sector responsible for 27% of total GHG emissions globally and hydrogen ap-
plication in this sector can reduce this emission. Hydrogen fuel cell vehicles and hydrogen combus-
tion vehicles can be used in transportation as light-duty vehicles (passenger cars and vans) or heavy-
duty vehicles (trucks and buses). Hydrogen-fueled vehicles can also be utilized in maritime shipping. 
To achieve climate neutrality in the EU, the European Parliament recently approved the Alternative 
Fuels Infrastructure Regulation (AFIR Regulation (EU) 2023/1804), setting mandatory minimum na-
tional targets for the deployment of alternative fuel infrastructure. It is also envisaged that hydrogen 
refueling stations (HRS) for cars and trucks will be installed from 2030 in all urban hubs and every 
200 kilometers along the core of the TEN-T (Trans-European Transport Network). These  HRSs must 
have the equivalent of a minimum cumulative capacity of 1 tonne per day. In addition, the HRSs 
must be equipped with a 700 bar dispenser. 

It is also stated that it must be ensured that drivers of hydrogen-powered vehicles easily and trans-
parently pay for this service, and charging station operators will have to provide comprehensive in-
formation about availability, waiting time, or price.   
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3 Current Situation in Montenegro  

3.1 Economic Outlook 
In 2023, the Montenegrin economy has shown resilience in the face of challenging external conditi-
ons, with several sectors experiencing growth that surpasses pre-pandemic levels. Positive develo-
pments have been observed in tourism, industrial production (specifically in electricity, gas, and 
steam supply sectors), various modes of transportation, trade, and forestry 6.  

The Ministry of Finance of Montenegro, the Director for Macroeconomic and Fiscal Analysis and Pro-
jections, published the monthly macroeconomic report in January 2024, noting that preliminary data 
from the Directorate for Statistics of Montenegro (MONSTAT) were used. According to the report, the 
Montenegrin economy is recording positive trends in 2023, with an actual gross domestic product 
(GDP) growth rate of 6.6% in the first quarter of 2023. From the category of domestic GDP, the hig-
hest growth in nine months was recorded by exports of goods and services, which increased by 
15.8%, private consumption by 6.6%, and gross investments in fixed assets by 4.4%. In 2023, the 
tourism sector recorded revenues of 1.52 billion euros, with an annual growth of 43.7%, surpassing 
the revenues from the pre-crisis level. In total accommodation, 16.4 million overnight stays were 
realized in tourism, a growth of 31.9% compared to 2022. Turnover in retail trade was 16.5% higher 
in 2023 compared to the year before, while industrial production grew at a rate of 6.4%. Higher 
electricity production (growth of 26.2%) was dominantly responsible. 

The labor market has also seen improvement, with a notable increase in employment rates (9.4%) 
and a decrease in unemployment rates (13.2%). Notably, the significance of the tourism sector in 
driving overall economic growth has been particularly emphasized this year. Tourism revenues 
reached 1,361 million euros, marking a 49% increase from the previous year and a 34% increase 
from 2019, attributed to heightened tourist consumption due to increased foreign visitors and infla-
tionary effects. 

Price growth has been moderate compared to the previous year, influenced by global inflation trends 
and central banks' monetary policies, as well as stabilization in the energy market. Montenegro's 
balance of payments has shown improvement, with a decrease in the current account deficit by 28% 
compared to the same period in 2022, driven by surpluses in services and primary and secondary 
incomes.  

Foreign direct investments have decreased by 47% from the previous year, with a notable shift to-
wards real estate investments (which increased to 53% in the first nine months of the year from 22% 
in 2019) compared to investments in the real sector. 

Business entities in Montenegro have been facing various challenges even before the pandemic ne-
cessitated a systemic approach. The gray economy, lack of suitable personnel knowledge and skills, 
difficult access to financing, and slow collection of receivables continue to be the major obstacles 
to business development. 

3.2 Industrial Production 
Regarding industrial production, there has been a slight growth in the mining and stone extraction 
sectors, as well as the electricity supply. However, the manufacturing industry is experiencing a 
gradual decline. Despite this, the processing industry remains the dominant part of industrial pro-
duction, accounting for 55% of participation. 

When analyzing production growth by sector, it is observed that the supply sectors of electricity, gas, 
and steam experienced a 33% increase, while mining of ore and stone saw a 2% growth. On the 
other hand, the manufacturing industry sector recorded a decline of 10%. In the mining and 

 
6   Report on Economy of Montenegro 2023, Chamber of Commerce of Montenegro (in Montenegrin) 



 

Technical and Methodological Support of the Green Hydrogen Strategy of Montenegro 

 

18 

quarrying sector, there was a significant drop of 33% in production in the area of other mining (non-
metallic mineral products etc.). However, other sectors achieved production growth, with a 14% 
increase in the mining of metal ores and a 9% increase in coal mining. 

Within the manufacturing industry, seven areas recorded production growth (see Figure 3.1). These 
include tobacco products (over 200% growth), printing and duplicating audio and video recordings 
(31% growth), production of beverages (24% growth), production of wood, cork, etc. products (22% 
growth), production of basic pharmaceutical products and preparations (18% growth), production 
of food products (15% growth), and production of rubber and plastic products (6% growth). 

On the other hand, eight sectors experienced a decline in production. These include production of 
base metals (47% decline), production of metal products except for machines and devices (39% 
decline), production of chemicals and chemical products (27% decline), production of paper and 
paper products (22% decline), production of machines and equipment not mentioned elsewhere 
(22% decline), furniture production (7% decline), production of clothing (4% decline), and produc-
tion of products from other non-metallic minerals (3% decline). 

 
Figure 3.1 Manufacturing industry 2022-2023 trends 

In the following period, the focus of economic policymakers should be on the improvement of the 
legislative framework and business environment for new investments. Also, incentive measures 
should be aimed at strengthening competitiveness, especially in the sectors of green energy, agri-
culture, tourism, and digitization, i.e. digital transformation of society, which could lead to restruc-
turing and sustainable development of the Montenegrin economy. 

At this moment there are no major producers and consumers of grey hydrogen in the industry of 
Montenegro. EPCG is currently in possession of a 2MW electrolyzer for the production of hydrogen 
for the generator cooling, but it is not operational yet. 

There is no natural gas transport and supply infrastructure in Montenegro at the moment, although 
the gasification of larger cities, construction of natural gas power plants, and construction of pipe-
lines for transport of natural gas are foreseen in the scenario of final consumption of natural gas until 
20307. Recently, the construction of the Ionian-Adriatic pipeline in Montenegro has been envisaged 
as a priority infrastructure project by the Ministry of Energy. In January 2023, the government adopted 

 
7 Strategija razvoja energetike Crne Gore do 2030. godine, Maj, 2014.  
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the participation in the establishment of the regional company "JONSKO-JADRANSKI PLINOVOD 
d.o.o." which would work on the tasks of preparing the construction of the gas pipeline, promoting 
and implementing activities of general interest for the contracting parties of the project. 

There are also ongoing plans for the construction of an LNG terminal in Port of Bar. 

3.3 Energy sector 
Thermal power plant Pljevlja has a dominant role in the mix of the electricity produced in Montenegro 
at about 45% (capacity 225 MW), while large hydropower plants in Montenegro share is 39% (capa-
city 649 MW) 8. In recent years, wind farms have also occupied a significant share, accounting for 
10% in 2022, while the share of distributed sources is 6%. The data submitted by the operator of the 
transmission and distribution system of electricity indicate the total amount of electricity produced 
in sizeable hydroelectric power plants in Montenegro in 2022, in the amount of 1,274,440 MWh. 

The share of renewable energy sources and highly efficient cogeneration in total electricity pro-
duction in 2022 was 55.05%, which is 4% less than the average share in the previous ten-year period 
and 16% less than the maximum share in the last ten-year period reached in 2013 (see Figure 3.2). 

 
Figure 3.2 Total energy production and consumption 2023 (in TJ) 

The solar energy potential of Montenegro has recently been additionally employed for electricity pro-
duction by the construction of smaller commercial solar power plants with a total installed capacity 
of 2,319 MW. In the course of 2023, an additional 4.42 MW capacity was also put into operation. 
There are still no large solar power plants in Montenegro. In 2018, the government of Montenegro 
concluded a Land Lease Agreement for the construction of the Briska Gora solar power plant - the 
first phase will be the construction of a 50 MW power plant and the second phase will be the con-
struction of an additional 200 MW power plant.  

The development of solar energy in Montenegro imposes the need to increase the capacity of the 
transmission network. It is also necessary for the distribution network to be designed so that it is not 
a restrictive element in the future. 

Currently, the installed capacity of solar power plants is 33.5 MW. 

In the previous period, two large wind farms were installed in Montenegro. VE Krnovo has 26 wind 
generators with an installed capacity of 72 MW put into operation in 2017. VE Mozura is a production 

 
8 URL: https://regagen.co.me/wp-content/uploads/2023/12/20231226_Analiza-OIE-i-VEK_2022.pdf 
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facility with a power of 46 MW, which consists of 23 wind turbines, each with a power of 2 MW. The 
installed power of wind power plants is 118 MW.  

Montenegro has issued permits for 4 GW of solar and wind electricity, which significantly exceeds 
the existing capacity of the electricity grid. 

Two large hydroelectric power plants have been built in Montenegro so far. These are HPP "Piva" on 
the river of the same name in the municipality of Plužine, with an installed power of 3x120 MVA and 
HPP "Perućica" on the territory of the municipality of Nikšić in Glava Zete having seven aggregates 
with 330 MVA of total nominal active power.  

In the period from 1933 to 2022, a total of 38 small hydropower plants were connected to the power 
distribution system of Montenegro, 24 of which have a power of less than 1 MW. At the end of August 
2022, the Ministry of Capital Investments on behalf of the government of Montenegro concluded the 
Agreement on the concession and use of the Otilovici reservoir for the construction of a sHPP to 
produce electricity with the EPCG, which foresees the construction of the sHPP Otilovici with an 
installed capacity of 2.96 MW and an annual output of 11 GWh. 

 
Figure 3.3 Production of electricity for the period of 2013 - 2022 9 

Regarding the total energy production and consumption in Montenegro (see Figure 3.2): 

• The total electricity production from RES in 2023 was 9,071.50 TJ, which is about 62% 
compared to the total electricity production of 14,622.22 TJ (see Figure 3.3). 

• Produced coal energy (excluding coal that is transformed into electricity in thermal power 
plant Pljevlja) in 2023 amounted to 173.14 TJ, while energy production from biomass was 
estimated at 6,255 TJ. 

• From the above data, it can be concluded that the share of RES energy in the total energy 
production in 2023 was 72.67% 

• In 2023, the total consumption of oil derivatives in Montenegro amounted to 375,620 
tonnes. However, compared to 2022, there was an increase in consumption by 6,443 
tonnes. 

 
9 Bilansi električne energije, MONSTAT 2013-2023 
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Figure 3.4 Energy consumption of metal processing and chemical industry sectors (in GWh) 

 
Figure 3.5 Energy consumption comparison of industry vs. households & agriculture (in GWh) 

The trends of sectorial energy consumption in the Montenegrin economy are presented in Figures 
3.5 and 3.6 10. A decennial trend of energy consumption decrease in energy-intensive industrial sec-
tors is visible, followed by the rise of households and agriculture energy consumption.   

3.4 Regulative Framework 
Energy is one of the European Union’s most essential areas of activity. Accordingly, managing the 
energy sector is critical for its institutions. The member states continuously improve the energy mar-
kets and increase the level of integration, and following this, they apply more advanced technolo-
gies.  

Harmonization of Montenegrin legislation with the acquis of the EU in the Energy chapter (Chapter 
15) is supported by Montenegro’s membership in the Energy Community since the legal framework 
of the Agreement on the Formation of the Energy Community consists, among other things, of the 
European Union’s legal acquis relating to electricity, gas, renewable energy sources, strategic reser-
ves of oil derivatives, energy efficiency and environmental protection. 

Chapter 15 defines the following sub-areas: electricity, hydrocarbons, gas, renewable energy 
sources, energy efficiency, nuclear safety, and radiation protection. Within this chapter, Montenegro 
has defined three final benchmarks, where the final benchmark under serial number 2, states the 
following: "In order to harmonize with the new energy packages (Clean Energy Package I and Clean 
Energy Package II), it is necessary in the following period to adopt the Law on Amendments to the 

 
10 Bilansi električne energije, MONSTAT 2013-2023 

0.00

100.00

200.00

300.00

400.00

500.00

600.00

700.00

2015 2016 2017 2018 2019 2020 2021 2022 2023

Ferrous metallurgy Non-ferrous metallurgy Chemical industry

0.00

500.00

1,000.00

1,500.00

2,000.00

2,500.00

3,000.00

2015 2016 2017 2018 2019 2020 2021 2022 2023

Industry Households, agriculture, other sectors



 

Technical and Methodological Support of the Green Hydrogen Strategy of Montenegro 

 

22 

Law on Energy, the Law on the Use of Renewable Energy Sources, as well as the Law on Amend-
ments to the Law on cross-border exchange of electricity and natural gas." 

Compliance with EU Regulations 

Montenegro, as a member of the Energy Community and a candidate for membership in the Euro-
pean Union, has an obligation to implement EU regulations (acquis communitaire EU) in the field of 
energy.  

Montenegro and other members of the Energy Community, by the Decision of the Ministerial Council 
of the Energy Community, undertook the obligation to implement Directive 2018/2001/EC (herein-
after: the Directive) on the promotion of the use of energy from renewable sources. In December 
2022 the Ministerial Council of the Energy Community adopted national goals until 2030 for the re-
duction of greenhouse gas emissions, the share of renewable sources in gross consumption and 
increasing energy efficiency for the contracting parties of the Energy Community. In this regard, by 
2030 Montenegro committed to: 

• reduce greenhouse gas emissions by 55% % and thus cap greenhouse gas emissions at 2.42 
MtCO2eq, 

• reach a share of 50% of renewable energy choices in gross final energy consumption, 
• limit primary energy consumption to 0.92 Mtoe and limit final energy consumption to 0.73 

Mtoe.11 

With the adoption of Directive (EU) 2018/2001 of the European Parliament and of the Council of 
December 11, 2018 on the promotion of the use of energy from renewable sources, Directive 
2009/28/EC of the European Parliament and of the Council of April 23, 2009 on the promotion of the 
use of energy energy from renewable sources was repealed, which was transposed into the Law on 
Energy ("Official Gazette of Montenegro", no. 5/16, 51/17, 82/20, 29/22 - Decision of the Constituti-
onal Court of Montenegro and 152/22), while the amendments and amendments to the Law during 
2020, the partial transposition of Directive 2018/2001 was carried out. 

3.4.1 Law on Energy 
Currently, issues concerning the promotion of energy production from renewable sources are regu-
lated by the Law on Energy ("Official Gazette of Montenegro, No. 5/16, 51/17, 82/20, 29/22 - Deci-
sion of the Constitutional Court of Montenegro and 152/22) (hereinafter: Law). 

The Law, as stipulated in Article 1, defines energy activities, regulates the conditions and the manner 
of their performance to provide high-quality and safe energy to end customers, encourages the pro-
duction of power from renewable sources and highly efficient cogeneration, the way of organizing 
and managing the electricity and gas market, as well as other issues of importance for energy, but 
does not include market support mechanisms for energy production from renewable sources.  

The long-term goals and economic and institutional-organizational framework of Montenegrin 
energy development are determined following the Law and the general energy policy guidelines 
adopted by the government of Montenegro. 

Energy policy guidelines are elaborated and implemented in the NECP of Montenegro, which is also 
adopted by the government of Montenegro, and which is currently being drafted. Until its adoption, 
following the provisions of the Law on Energy, the Energy Development Strategy until 2030 is applied. 

Renewable Energy Sources and Highly Efficient Cogeneration 

In the area of renewable energy sources and high-efficiency cogeneration, and by Article 55 of the 
Law on Energy, REGAGEN performs an annual analysis and publishes data on the share of 

 
11 Izvještaj o stanju energetskog sektora Crne Gore za 2022.godinu, REGAGEN, jul 2023. godine 
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renewable energy sources and high-efficiency cogeneration in total production and consumption of 
electricity, determines and changes the temporary status of a privileged producer, determines, 
changes and withdraws the status of a privileged producer, maintains a register of privileged pro-
ducers, reports to the Ministry, market operators, operators of the distribution system and operators 
of the transmission system of electricity on issued decisions on acquiring the status of a privileged 
producer.  

3.4.2 Law on the Use of Energy from Renewable Sources (Official Gazette No. 82/24) 12 
Directive (EU) 2018/2001 on the promotion of the use of energy from renewable sources has been 
transposed into the Law on the Use of Energy from Renewable Sources, and as a result, there is a 
need to amend the Energy Law by deleting the provisions governing the promotion of the production 
of energy from renewable sources and high-efficiency cogeneration. 

The adoption of the Law on the Use of Energy from Renewable Sources further harmonizes Mon-
tenegro's legislation with the EU acquis in the field of energy. The provisions of the Law on the Use 
of Energy from Renewable Sources and the bylaws to be adopted based on the same shall be har-
monized with Directive (EU) 2018/2001 on the promotion of the use of energy from renewable 
sources, adapted for the members of the Energy Community. 

The Law regulates the determination of the share of energy from renewable sources, incentives for 
the production of energy from renewable sources, the conditions and procedure for acquiring the 
status of temporary privileged producer and privileged producer, the issuance of guarantees of ori-
gin for energy produced from renewable sources, the status of customers-producers and commu-
nities of renewable energy sources, the use of renewable energy sources in the heating and cooling 
sector and in the traffic sector, sustainability and greenhouse gas emission saving criteria, regional 
cooperation, as well as other issues of importance for the use of energy from renewable sources. 

The Law defines renewable energy sources as renewable non-fossil energy sources such as wind 
energy, solar energy (solar thermal and solar photovoltaic), geothermal energy, ambient energy, tidal 
energy, wave energy and other sea energy, hydropower, biomass, landfill gas, wastewater treatment 
plant gas, and biogas.  

The Law also defines renewable liquid and gaseous fuels of non-biological origin as liquid or gaseous 
fuels from renewable energy sources used in transport, provided that they are not derived from bio-
mass and are not biofuels. 

Planning of the Share of Energy from Renewable Sources and Administrative Procedures (Art. 8-11) 

This chapter defines that the goal for the mandatory share of energy from renewable sources in the 
total final energy consumption, as well as the goals in the fields of electricity, heating and cooling 
and transport, are determined by the NECP of Montenegro.  

In addition, this chapter contains provisions relating to the assessment and measurement of the 
potential of renewable energy sources, the procedure for issuing permits for the implementation of 
projects, and information on the use of energy from renewable sources. 

Guarantee of Origin (Art. 52 – 61)  

The provisions of this Chapter prescribe that a guarantee of origin is issued to producers of energy 
from renewable sources for electricity, gas, including hydrogen or heat, as well as the conditions 
under which a guarantee of origin can be issued.  

 
12 Parliament of Montenegro adopted the Law on August 17, 2024.  
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In addition, this chapter prescribes the content of the guarantee of origin, the transfer and termina-
tion of the guarantee of origin, and regulates the records of issued, transferred, used and withdrawn 
guarantees of origin kept by the electricity market operator.  

Use of Energy from Renewable Sources in Transport (Art. 76 – 80)  

This chapter defines that the regulation of the government of Montenegro determines the obligations 
of suppliers of fuels used in transport concerning the realization of the share of energy from rene-
wable sources in transport determined in the NECP, as well as other measures for achieving that 
share. In addition, this chapter contains provisions relating to the incentive scheme for the use of 
renewable energy sources in the transport sector, the quality and quality control of biofuels, as well 
as data on the characteristics of these fuels. 

Renewable Energy Share Programs (Article 77) 

To achieve the planned share of energy from renewable sources in final energy consumption in 
transport by 2030, the Ministry proposes to the government the adoption of an incentive program for 
the use of renewable energy sources in the transport sector. An incentive scheme may provide in-
centives for:  

(1) the production of biofuels, provided that such biofuels meet the quality and sustainability 
criteria in accordance with the Law and, when used in motor vehicles, such biofuels achieve 
a reduction in greenhouse gas emissions compared to conventional fuels;  

(2) the electrification of the transport sector;  

(3) the production of alternative fuels in the public transport, intercity and maritime transport 
sectors; and  

(4) the construction of alternative fuels infrastructure on highways, state and local roads, as well 
as in sea and river ports.  

3.4.3 The law on protection against the negative effects of climate change (Official Gazette No. 
073/19) 

This law regulates the protection against the negative effects of climate change, the reduction of gas 
emissions with the greenhouse effect, protection of the ozone layer, and other issues related to pro-
tection from the negative impacts of climate change. Protection against the negative effects of cli-
mate change is carried out by reducing greenhouse gas emissions and substances that damage the 
ozone layer to a scientifically determined necessary level in a cost-effective and economically effi-
cient way. Based on this law, protection against the negative impacts of climate change is to be 
achieved through the Low Carbon Development Strategy that has been drafted. 

Based on the Implementation Report NATIONAL STRATEGIES IN THE FIELD OF CLIMATE CHANGES 
UNTIL 2030 reporting period September 2018 - September 2021,  Podgorica, February 2022, the 
preparation of the Strategy was postponed and planned through the IPA III program 2021-2025. 

3.5 Academia 
According to the Smart Specialisation Strategy of Montenegro 2019 - 2024, human resources are 
recognized as the driver of economic and social development and, therefore, crucial for its succes-
sful implementation. This strategy aims to strengthen human resources in the field of research and 
innovation, particularly of young personnel, inspiring their excellence through scholarships for doc-
toral research, employment within the framework of scientific research projects, and providing a-
wards for excellence in science and innovation. The Strategy for Higher Education Development in 
Montenegro 2024-2027 is in line with the enhancement of human capacities, as stimulating know-
ledge transfer will enable the acquisition of practical knowledge that will strengthen the innovation 
capacities in enterprises, contributing to the more dynamic growth of a knowledge-based economy. 
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Energy and a sustainable environment are recognized as one of the four priorities by the Smart Spe-
cialisation Strategy of Montenegro 2019 - 2024. It was pointed out that investments and advanced 
innovation and research capabilities in designated priority sectors will generate new opportunities 
for entrepreneurial endeavors and the evolution of a knowledge-based economy. Montenegro has 
resolved to align its energy and industrial expansion with environmental and spatial conservation 
norms. Since Montenegro’s strategy for the energy sector is to increase the proportion of energy 
consumption derived from renewable sources, emphasizing the industry’s sustainable develop-
ment, developing a specialized master’s program would position Montenegro at the forefront of the 
energy transition. The European Union has ambitious plans for hydrogen technology as part of its 
Green Deal. As a candidate country, Montenegro could benefit from aligning its educational pro-
grams with EU priorities, increasing its chances of receiving EU funding for both education and 
energy infrastructure projects. A joint master’s program on hydrogen technology organised by Mon-
tenegrin universities and international partners could encourage collaborative research in hydrogen 
technologies and lead to the development of innovative solutions for Montenegro’s energy needs, 
thereby contributing significantly to the country’s energy transition. In addition to encouraging the 
academic growth of local institutions, the new master’s program could also result in practical ap-
plications, such as innovative hydrogen production, storage, and distribution systems tailored to 
Montenegro’s specific needs. 

The curriculum of various higher education and research institutions at the University of Mon-
tenegro, including the Faculty of Metallurgy and Technology, Faculty of Mechanical Engineering, Fa-
culty of Electrical Engineering, and Faculty of Maritime Studies in Kotor, is structured to deeply in-
tegrate knowledge from diverse disciplines. These include chemistry, physics, physical chemistry, 
renewable resources, energy systems, engineering, materials science, and environmental science. 
This interdisciplinary approach ensures a comprehensive understanding of the subject matter, with 
no study modules being mostly or entirely dedicated to different aspects of hydrogen production 
and storage technology, environmental impact and sustainability of hydrogen as an energy vector, 
or related science disciplines.  

Several hydrogen-related international projects funded by EU programs and the NATO Science for 
Peace and Security Programme have been implemented in the last five years, involving less than 20 
researchers in total. In addition, the university has also undertaken a diverse range of projects, in-
cluding those dealing with lithium-ion batteries, decarbonization of transportation in the Adriatic Io-
nian region, and regulation for maritime transport. This variety of projects underscores the University 
of Montenegro's broad research interests and its commitment to addressing complex global chal-
lenges. 

3.6 Civil Society Sector 
The civil society sector is relatively well-developed and present in Montenegro's public life. Civil 
society organizations are active by drawing attention to the ecological and social aspects of the int-
roduction of new and especially the retention of existing technologies in the field of energy: the en-
vironmental impact of the construction of small hydropower plants, a large share of the biomass as 
a source of primary energy and the continual large role of coal in the energy system. They pointed 
out the possibility of mediation of the consequences of the use of fossil fuels and accelerated urba-
nization; e.g. the proposal to use devastated land and tailings for the construction of PV energy 
plants. Preliminary data indicates a low level of knowledge and awareness about hydrogen techno-
logies as a factor in the energy and green transition in general. The role of the civil society sector in 
strengthening public awareness of the importance of hydrogen technologies, and accepting and 
overcoming prejudices about hydrogen in the general public is irreplaceable. It could be particularly 
manifested through the role of the NGO sector and the general public regarding the construction of 
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hydrogen facilities in the process of environmental impact assessment, following internationally ac-
cepted obligations of the country (Aarhus Convention) 13.  

 
13  Zakon o potvrđivanju Konvencije o dostupnosti informacija, učešću javnosti u donošenju odluka i pravu na 
pravnu zaštitu u pitanjima životne sredine, URL: https://epa.org.me/wp-content/uploads/2017/12/arhuska-
konvencija.pdf 
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4 Potential Analysis in Montenegro Regarding RES and Green Hydrogen14 

4.1 Energy 
Renewable energy is a viable option to replace fossil fuels and establish a resilient and sustainable 
energy system in Montenegro. By harnessing renewable energy sources (RES), Montenegro can pro-
vide reliable and affordable electricity to support economic growth, while reducing dependence on 
imports. 

4.1.1 Hydropotential of Montenegro 
Montenegro is rich in water potential. The average runoff of water is estimated at 40 liters/s/km2, 
which ranks Montenegro in the 4% of the world's territory with the highest average runoff. The theo-
retical potential of the main rivers is shown in Figure 4.1. 

 
Figure 4.1 The theoretical potential of main rivers (in GWh)  15 

In Montenegro, in the previous period, a large number of hydrometric measurements were carried 
out at the locations of small rivers that could be used for the construction of small hydroelectric 
plants. The results of the investigations16 showed that numerous small watercourses have justified 
possibilities for the construction of several small hydroelectric power plants with a total installed 
capacity of more than 10 MW. 

Based on the report of the REGAGEN from 2022, the aggregate theoretical and technically usable 
hydro potential of all watercourses in Montenegro was estimated (see Table 4.1). 

 

 

 

 
14 This chapter is restricted to the discussion of the technical potential of technologies until the (draft) NECP 
will be published. 
15 Ministarstvo održivog razvoja i turizma “Bazne studije za potrebe izrade Prostornog plana Crne Gore” Po-
dgorica, 2018. godine 
16 M. Bošković, M. Popović, N. Alilović, Hidrološka obrada za profile malih (mini, mikro) hidroelektrana (mHE) 
na pritokama glavnih vodotoka u Crnoj Gori, Hidrometeorološki zavod Crne Gore -Hidrološki sector, Podgo-
rica, jun 2011. 
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Table 4.1 Theoretical and technically usable hydro potential in Montenegro17 

Main watercourses 
Theoretical potential 

[TWh] 

Technically usable 
hydro potential 

[TWh] 

Main 9.8 3.7 – 4.6 
Small 0.8 – 1 0.4 
Total 10.6 – 10.8 4.1 – 5.0 

 

4.1.2 Solar Energy Potential of Montenegro 
The region has great potential for renewable energy, particularly solar energy. Montenegro boasts 
one of the largest solar potentials in Southeast Europe. The country receives over 2,000 hours of 
sunlight annually, with coastal areas experiencing more than 2,500 hours.  

Based on mean daily values at the annual level and global solar radiation - mean daily values at the 
monthly level (for May) (Fig 4.2), it is clear that the Podgorica region, the coastal region (the area 
around Budva and the area around Ulcinj), as well as the north-eastern parts of Montenegro, have 
exceptional solar potential. The average annual amount of global radiation in Montenegro is 
between 3,200 and 4,450 Wh/m2 per day. This indicates the significant potential of solar energy in 
the entire territory of Montenegro. Finally, under the assumption that the average solar insolation is 
1,450 kWh/m2 in Montenegro, the theoretical potential of solar radiation can be estimated at 20 
PWh/year. 

 
a) 

 
17 Regulatorna agencija za energetiku i  regulisane komunalne djelatnosti REGAGEN,  “Izvještaj o stanju ener-
getskog sektora Crne Gore za 2022. godinu”, Podgorica, jul 2023. godine 
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b) 

Figure 4.2 Global solar radiation a) mean daily values at the annual level, b) mean daily values at 
the monthly level 18. 

The assessment of electricity production in the territory of Montenegro from solar power plants was 
done in two studies 18, 19 . It was concluded that Montenegro has a great potential for the use of solar 
energy, i.e. that the number of hours of insolation is greater than 2,000 h/year for most of the terri-
tory, while the coastal part has more than 2,500 h/year. 

4.1.3 Wind Energy Potential of Montenegro 
More detailed research into the wind potential in Montenegro began in 2002.  

According to the study based on the data of wind speed measurements for the coastal region only 
conducted by the Hydrometeorological Institute (HMZ) 20, for the coastal strip from Ulcinj to Herceg 
Novi, which is 20 km wide and covers an area of about 1000 km², the average wind speed is >7m/s, 
and the average wind power is 400 - 600 W/m². In mountainous regions and hills along the Monte-
negrin coast (locations above Budva, Tivat, Kotor, etc.), the average wind power at heights of 50m 
can be over 1,000 W/m². According to this study, wind power in the range of 1,000-1,500MW could 
be used in the coastal region. 

 
18 C. Barbieli, G. Cassulo, Procjena potencijala obnovljivih izvora energije u Republici Crnoj Gori, Ministarstvo 
za zaštitu životne sredine, kopna i mora Republike Italije, Februar 2007.g., URL: https://www.gov.me/doku-
menta/3afbf730-ab89-4bb8-838c-36ed98b1674d 
19 „Solarna energija u sektoru turizma u Crnoj Gori“, CCEE, Podgorica, 2015 
20 D. Mikicic et al., Wind Energy Potential in the World and in Serbia and Montenegro, 2006,  
URL: https://www.researchgate.net/publication/275921886_Wind_energy_poten-
tial_in_the_world_and_in_Serbia_and_Montenegro 
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Another study 21 estimated that Montenegro has a wind potential of 100 MW in areas with high wind 
speeds (wind speeds above 7 m/s – see Figure 4.3). The potential increases to 400 MW if medium 
potential zones are also taken into account. 

Finally, a recent study22 of the offshore potential of the Montenegro coastline showed that wind 
farms could be built in Montenegrin waters with a technical potential corresponding to a total ca-
pacity of 2,300 MW, which includes 2,034 MW for floating structures, 127 MW for fixed structures, 
and 138 MW for jacket-fixed structures. 

 

 
Figure 4.3 Average power density in [W/m2] at 50m above the ground surface21 

 

4.1.4 Barriers to RES Utilization in Montenegro 
The barriers in terms of RES utilization in Montenegro are numerous, including political, administra-
tive, economic, market, infrastructure, and public acceptance factors. Political problems are rela-
ted to the absence of clear policies and support from the government, as well as the lack of support 
from local municipalities. Administrative obstacles include a lack of transparency, uncertainty in 
legislation, and bureaucratic procedures. Economic problems involve high initial costs, scarce inve-
stments, and maintenance expenses. Market-related aspects pertain to structural problems as a 
result of a predominance of few companies on the market, price volatility, low liquidity, etc. Infras-
tructure barriers refer to inadequate grid capacity and poor infrastructure connectivity. Public 
acceptance is particularly important when it comes to investing in renewable energy sources in Mon-
tenegro using information dissemination campaigns combined with raising public awareness thro-
ugh events related to renewable energy. 

 
21 C. Barbieli, G. Cassulo, Procjena potencijala obnovljivih izvora energije u Republici Crnoj Gori, Ministarstvo 
za zaštitu životne sredine, kopna i mora Republike Italije, 2007, URL: https://www.gov.me/doku-
menta/3afbf730-ab89-4bb8-838c-36ed98b1674d 
22 Bogdanović et al, Energies 2024,17, 1852 
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4.2 SWOT Analysis 
Based on the current situation in different aspects of the economy and energy sector, as well as the 
potential of Montenegro regarding RES and its use for the production and utilization of green hydro-
gen, the SWOT analysis has been performed. 

Among STRENGTHS, a high RES share in the electric energy production and huge development po-
tential, strategic spatial location for hydrogen export (coastline and see vicinity, geopolitical 
surroundings, etc.), the possibility of intermittent RES integration, potential for small and predictable 
operation and maintenance costs, participation in international conventions on climate and en-
vironmental issues and great growth potential should be emphasized. 

Still, the very high production cost of hydrogen and its products, paired with poor availability and 
large cost of small electrolyzers, the absence of hydrogen infrastructure, the slow adoption rate of 
the regulatory framework, still significant fossil fuel reserves, incomplete supporting policy and ina-
bility to stimulate the development of RES, weak supply network (consultants, engineers, entrepre-
neurs, vendors, etc.), insufficient private-sector participation, underdeveloped R&D sector and in-
sufficient and uneven water distribution in Montenegro are among the greatest WEAKNESSES. 

Possibility for more RES integration, the possibility for seasonal energy storage, and the ability to 
handle power fluctuations reaching the carbon neutrality goals, further development of the transport 
sector and its decarbonization, energy mix diversification to help reduce energy import dependency, 
new skills creation and job opportunities, diversification of energy sector companies, reduction of 
environmental impact, energy security and national self-reliance improvement, green hydrogen 
market emergence and rise of foreign investments are among the most distinguished  OPPORTUNI-
TIES. 

Finally, technological underdevelopment of hydrogen technologies compared to more available 
low-cost competing technologies as well as competition with other renewable resources, ever-
present regulatory and policy challenges and safety concerns, inadequate legislative framework, 
lack of suppliers, investors, and potential buyers, absence of supporting business models are 
among the biggest THREATS. 

 



 

 

 

 

 

STRENGTHS WEAKNESSES 

 
• Excellent renewable energy endowments with huge development potential 
• Reduction of renewable energy generation costs in the future 
• Strategic spatial location for hydrogen export 
• Potential for high-density energy storage. 
• Integration with intermittent renewable energy sources (RES) 
• Guaranteed power from a RES system. 
• Potential for small and predictable Operation and Maintenance (O&M) cost 
• Safety of power and energy supply 
• Participation in international conventions on climate and environmental issues 
• The necessity of using renewables due to the increase in demand in the future 
• Green hydrogen's advantages compared to other renewables 
• Great potential for growth 

 
• High production cost of hydrogen and its products 
• Insufficient hydrogen infrastructure 
• Low Energy efficiency 
• Slow adoption rate of the regulatory framework 
• Significant fossil fuel reserves (lignite) 
• Underdeveloped grid infrastructure and limited renewable energy absorption capacity 
• Incomplete supporting policy, inability to stimulate the development of RES power 
• Missing codes and standards (safety issues, technical specifications, etc.).  
• Poor availability and large cost of small electrolyzers. 
• Lack of after-sales support.  
• Lack of component and system lifetime experience 
• Weak supply network (consultants, engineers, entrepreneurs, vendors, etc) 
• Lack of national hydrogen roadmap 
• Lack of an adequate regulatory framework to develop green hydrogen technologies 
• Lack of private-sector participation 
• Inadequate public knowledge about green hydrogen's advantages 
• Inadequate research and development 

 

OPPORTUNITIES THREATS 

 
• Renewable energy integration 
• Possibility for seasonal energy storage and handling of  power fluctuations  
• Carbon neutrality goals 
• Mobility sector 
• Industrial application 
• Energy mix diversification helps reduce energy import dependency 
• Deep international cooperation facilitates the provision of financial and technical support 
• Obstacle-packed and long way to regional power interconnectivity 
• New job opportunities.  
• Diversification of companies involved in the energy sector. 
• Reduction of environmental impact 
• Improving energy security and national self-reliance 
• Green hydrogen market emergence 
• Supporting financial growth and job creation 
• Hydrogen in a circular economy 
• Foreign investment 
• Creation of new skills 
• Establishing hydrogen market and industry standards 
• Coastal and short-distance maritime public and cargo transport decarbonization 

 

 
• Low-cost competing technologies 
• Regulatory and policy challenges 
• Safety concerns 
• Low price of alternative fuel 
• Low environmental standards for the power sector 
• Inadequate commercialization plan  
• Inadequate legislative framework (standards, regulations, permissions for installation) 
• Low interest and priority from utilities and major suppliers of hydrogen components/systems. 
• The lack of suppliers, investors, and potential buyers 
• Technological underdevelopment and unfavorable position compared to other sources of energy 
• More entry challenges as the technology develops 
• Unstable political will for the introduction of hydrogen technology on the market 
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4.3  Land Usage Planning and Infrastructure Requirements for Green Hydrogen 
When taking into consideration the infrastructural conditions of green hydrogen production facili-
ties, it is necessary to distinguish between several distinct technical features:  

1. Production of renewable electricity from wind or photovoltaics,  

2. Electrolyzers with accompanying equipment,  

3. Preparation and production of purified and deionized water necessary for electrolysis,  

4. Implementation of corridors for electric transmission lines,  

5. Construction of access roads.  

 
The land use requirements for the hydrogen production facility are presented in Table 4.2.  

Table 4.2 The land use requirements for the hydrogen production facility (capacity: 100 
tonnes/day, electrolyzer power: 220 MW), with the exception of the RES production 23.  

Units Necessary land area 
(ha) 

Electrolyzer with the following equipment 38.85 
Water preparation and production 6.47 

Powerlines corridors (width 30.48-91.44 m) 32.37 
Access roads (width 15.24 m) 18.21 

Total 95.90 
  

Specific land use per MW of electrolyzer power is determined to be 0.43 ha/MW of electrolyzer 
power. An electrolyzer with a hydrogen production of 485 m3/ha can be positioned in 13.5 m x 4 m 
area 25. For the production of renewable energy required for electrolysis from wind and solar, it is 
necessary to provide a suitable area (Table 4.3 ) 24.  

Table 4.3 Optimal land use per RES power unit  

RES 
Annual working hours (h); 

Electrolyzer efficiency 80%, calculated based on the 
higher heating value of hydrogen 

Specific land use per power 
unit (km2/GW) 

Solar (PV) 2,100 16.5 
Wind 4,000 170 

  

Electrolysis facilities occupy significantly less space than the part of the plant that produces renew-
able electricity. When designing plants for the production of green hydrogen, it should be taken into 
account that photovoltaic power plants (1.21-2 ha/MW) and wind power plants (0.2-0.81 ha/MW) 
occupy significant areas of land 25. This can significantly affect the use of land as a natural resource. 
Also, the route of the transmission line to the electrolyzer should be considered from the environ-
mental protection point of view.   

 
23 NREL Green Hydrogen: A Briefing for Land Managers,  
URL: https://www.nrel.gov/docs/fy23osti/83885.pdf  
24 Ad van Wijk in partnership with Hydrogen Europe, Hydrogen - a carbon-free energy carrier and commodity, 
November 2021  
25 URL: https://balancepower.co.uk/news-insights/understanding-the-land-requirements-for-renewable-en-
ergy  
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For the production of 1 kg of hydrogen, in theory, 9 kg of water is needed as an input raw material. 
However, electrolyzers use ultrapure water, which should be prepared using appropriate techno-
logical procedures. Processed water is demineralized by a combination of reverse osmosis and ion 
exchange processes. Industrial practice has shown that the production of 1 kg of hydrogen requires 
about 20 kg of water. 26  

Water consumption for electrolysis should be carefully considered when dealing with limited water 
resources.   

4.4 Scenarios for Green Hydrogen Production 
In this document, decarbonization of all aspects of Montenegrin society is perceived as an obligation 
to be imposed by the future Integral NECP, and assumed by the adoption of the Paris Climate Ag-
reement, the Green Agenda for the Western Balkans and other international documents. 

Regarding NECP of Montenegro, three different scenarios for the future use of RES in Montenegro 
were considered: 

1. “Business as usual” scenario – BAU, 
2. Scenario With Explicit Measures – WEM, 
3. Scenario With Additional Measures, with Pljevlja ThPP treated according to WEM – WAM. 

 

Energy demand in Montenegro per scenario according to the draft of NECP is presented in Table 
4.4. 

Table 4.4 Energy demand in Montenegro per scenario according to the draft of NECP  

Scenario 2030 2035 2040 2050 

WAM additional measures but Pljevlja WEM 
(million GJ) 

32.27 31.36 30.31 28.61 

WEM with explicit measures 
(million GJ)  

32.46 31.81 31.01 29.86 

With existing measures autonomous (BAU)  
(million GJ) 34.73 35.08 35.14 35.00 

 

According to NECP predictions, RES capacities will already be saturated (in terms of potential) in 
2035. After that time, only the rise of the RES share dedicated to H2 production is to be expected. 

 

 
26 URL: https://www.nrel.gov/docs/fy23osti/83885.pdf  
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Figure 4.4 Predicted installed RES power (in MW), according to NECP scenarios (in MW). 

 

Two scenarios for the future use of green hydrogen in Montenegro were considered, based on WAM 
scenario of NECP: 

1. Scenario of Moderate Hydrogen Economy implementation in Montenegro (MH2E) and 
2. Scenario of Ambitious Hydrogen Economy implementation in Montenegro (AH2E). 

Within the framework of both MH2E and AH2E, three different types of goals were considered: short-
, middle- and long-term goals. No dedicated RES for hydrogen production is envisaged for 2030. A 
demonstration project with installed 1 MW in MH2E (3 MW in AH2E) power for electrolysis produc-
tion of green hydrogen and covering the entire H2 production-storage-transport-utilization chain, is 
to be conducted before the introduction of dedicated RES capacities, expected later. 

4.4.1 Scenario of Moderate Hydrogen Economy Implementation in Montenegro (MH2E) 
The short-term goal considered in MH2E is: 

• 1 MW electrolyzer demonstration project by 2030. No dedicated RES for hydrogen production 
is envisaged for 2030. A demonstration project with 1MW electrolysis production of green 
hydrogen covering the entire H2 production-storage-transport-utilization chain is to be 
conducted within the MH2E scenario. 

The middle-term goal considered in MH2E is: 

• 1.5% of produced renewable electricity from solar and wind energy will be used for the 
production of green hydrogen by 2035. 

The long-term goals considered in MH2E are: 
• 5% of produced renewable electricity from solar and wind energy will be used for the production 

of green hydrogen by 2040. 
• 9% of produced renewable electricity from solar and wind energy will be used for the produc-

tion of green hydrogen by 2050. 

4.4.2 Scenario of Ambitious Hydrogen Economy Implementation in Montenegro (AH2E) 
The short-term goal considered in AH2E is: 

• 3 MW electrolyzer demonstration project by 2030.  
The middle-term goal considered in AH2E is: 
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• 3% of produced renewable electricity from solar and wind energy will be used for the production 
of green hydrogen by 2035. 

The long-term goals considered in MH2E are: 
• 8% of produced renewable electricity from solar and wind energy will be used for the production 

of green hydrogen by 2040. 
• 15% of produced renewable electricity from solar and wind energy will be used for the 

production of green hydrogen by 2050. 
To perform the appropriate calculations for the scenarios, the data for the expected values of the 
energy efficiency of the electrolyzer until 2030, 2040 and 2050 (see Table 4.5) for the hydrogen pro-
duction were used. 

Table 4.5 Expected energy efficiencies of electrolyzers until 2030, 2040 and 2050 27.  

Year 2030 2040 2050 

Expected energy efficiency of electrolyzers (%) 65 68 70.5 

 

Also, the following values were adopted: 

• Electrolyzer capacity factor  of 0.5 and  
• Lower heating value of hydrogen of 33.3 kWh/kg (120 MJ/kg or 3.00 kWh/Nm3). 

Calculated values (renewable electrical energy used for the production of green hydrogen, electroly-
zer capacity, and the produced quantity of green hydrogen) were obtained for both scenarios, as 
shown in Tables 4.6, 4.7 and 4.8. For the calculation of the produced electric energy, the annual 
operation of the photovoltaic power plant of 1,500 hours and 3,000 hours for the wind power plant 
was used. 

Table 4.6 Calculated production of electric energy in Montenegro according to NECP (in GWh). 

 2030 2035 2040 2050 

Solar 2,621 4,159 4,159 4,159 
Wind 953 953 953 953 
Total 3,574 5,112 5,112 5,112 

Table 4.7 Calculated parameters for green hydrogen in the MH2E scenario 

Year 

Renewable electrical  
energy used for the  
production of green  

hydrogen (GWh) 

Electrolyzer 
capacity 

(MW) 

Produced 
quantity of  

green hydrogen  
(tonnes) 

Produced electri-
cal energy from 
green hydrogen 

(GWh) 

2030 - - 1.00 85.49 2.85 
2035 1.5 76.68 17.50 1,496.17 49.8 
2040 3 153.36 58.35 5,218.91 173.78 
2050 8 408.96 105.00 9,736.62 324.22 

 

 

 

 
27 Reference: Giampieri, A., Ling-Chin, J., & Roskilly, A. P. (2024). Techno-economic assessment of offshore 
wind-to-hydrogen scenarios: A UK case study. international journal of hydrogen energy, 52, 589-617. 
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Table 4.8 Calculated parameters for green hydrogen in the AH2E scenario 

Year 

Renewable electrical energy 
used for the production  

of green hydrogen 
(GWh) 

Electrolyzer 
capacity 

(MW) 

Produced quantity 
of green hydrogen  

(tonnes) 

Energy content 
from green  
hydrogen  

(GWh) 
2030 - - 3.00 256.48 8.54 
2035 3 153.36 35.00 2,992.34 99.64 
2040 8 408.96 93.36 8,350.25 278.05 
2050 15 766.80 175.00 16,227.70 540.38 

 

The land necessary for electrolyzer plants and water for electrolyzers in scenarios are shown in Ta-
bles 4.9 and Table  4.10. 

Table 4.9 Calculated parameters for Land used for electrolyzer plant and water necessary for 
electrolyzers in the MH2E scenario  

Year 
Land used electrolyzer 

plant  (0.43ha /MW) 
(ha) 

Energy content for  
electrolyzers 

(Mt or thousands of m3) 
2030 0.43 1.71 
2035 7.52 29.92 
2040 25.1 104.38 
2050 45.15 194.72 

 

Table 4.10 Calculated parameters for land used for electrolyzer plants and water necessary for 
electrolyzer plants  in the AH2E scenario 

Year 
Land used electrolyzer 

plant  (0.43ha /MW) 
(ha) 

Water necessary for 
electrolyzers 

(Mt or thousands of m3) 

2030 1.29 5.13 
2035 15.05 59.85 
2040 40.14 167.01 
2050 75.25 324.55 

 

4.4.3 Discussion on Calculated Parameters 
Nowadays, the cost of investments in the electrolyzer system is in the range of 500-1,400 $/kW for 
AWE, 1,100-1,800 $/kW for PEM, while for SOE it ranges from 2,800-5,600 $/kW. The structure of 
investment cost in green hydrogen is presented in Table 4.11. 

      Table 4.11 The structure of investment in green hydrogen   

Investment 
item 

The production of  
electricity from wind or PV 

panels 

Electrolyzer 
system 

Maintenance and   
water preparation 

costs 

Other 
costs 

%  of total  
investment 

50-55 30-35 12-16 8-10 

 

Green hydrogen is an option, ensuring zero emissions during production and playing a key role in 
reaching global Net Zero targets. Currently, producing green hydrogen costs four times as much as 
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gray hydrogen and over twice as much as blue hydrogen, with prices ranging from 5.5 $/kg to 9.5 
$/kg H2.  

The predicted embedment of hydrogen in the Montenegrin energy system by the year 2050 is ex-
pected along with a significant drop in the price of electrolyzers (see Figure 4.5).   

After initial demonstration projects in 2030, the obtained data indicate that by 2035 in the MH2E 
scenario, the installation of an electrolyzer with a capacity of 17.50 MW must be expected, while by 
2040, 58.35 MW must be expected. In 2050, 105 MW of electrolyzers can be reached.  

 
Figure 4.5 Predicted price of different types of electrolyzers 28 29 30.  

In AH2E, by the year 2035, the installation of electrolyzers with a capacity of 35 MW, and by 2040, 
93.36 MW must be expected, respectively. In 2050, according to the ambitious scenario, 175 MW of 
electrolyzers for the production of green hydrogen can be expected.  

 
28 IEA. The Future of Hydrogen. Tech. rep. Paris, 2019.  
URL: https://www.iea.org/reports/the-future-of-hydrogen 
29 Bloomberg New Energy Finance. Hydrogen: The Economics of Production From Renewables. Tech.rep. 
2019, 
30 IRENA. Hydrogen: A renewable energy perspective. Tech. rep. Paris, Sept. 2019.  
URL: https://www.irena.org/publications/2019/Sep/Hydrogen-A-renewable-energyperspective. 
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If hydrogen is used for energy storage and fuel cells are used for the re-production of electricity, the 
efficiency of this process is 50-60 %, but this energy can be sold on the market when there is no 
electricity and at significantly higher prices. 

If we assume an average investment of 1.21 million euros per MW until 2050, a preliminary estima-
tion indicates that for the construction of electrolyzer plants in Montenegro it is necessary to invest 
between 127 million (Scenario of Moderate Hydrogen Economy Implementation in Montenegro) and 
211.75 million euros (Scenario of Ambitious Hydrogen Economy Implementation in Montenegro), 
until 2050. These investments include the costs of electrolyzers, compressors, and hydrogen tanks. 
This does not include the costs of electricity from wind and solar energy.  

According to Table 4.11, we can observe that the cost of the electrolyzer system is 1/3 of the total 
cost for a green hydrogen plant. Considering this fact, it can be concluded that the total cost for 
green hydrogen will be in the MH2E scenario and the AH2E scenario, 381 and 635.25 million euros, 
respectively. 

The cost of producing green hydrogen depends on three main factors: the investment in the water 
electrolyzer, the annual running time, and the cost of renewable energy used to power the electro-
lyzer. In 2022, the price range for a water electrolyzer to produce green hydrogen is 500–5,600 $/kW. 
From a global perspective, the renewable energy cost has decreased significantly since 2010, with 
solar power costing around 48 $/MWh and wind power ranging from 33–75 $/MWh. Although the 
cost of electricity from renewable sources has decreased, the cost of manufacturing hydrogen has 
actually increased due to the high cost of electrolyzers. Project developments in the levelized costs 
of green hydrogen production between 2020 and 2050 are given in Figure 4.6.  

  

Figure 4.6 Project developments in the levelized costs of green hydrogen production between 
2020. 

Data from Tables 4.9 and 4.10 indicate that for the construction of electrolyzer plants in Montenegro, 
it is necessary to secure a maximum of 45.15 hectares of land in the MH2E scenario and a maximum 
of 75.24 hectares in the AH2E scenario. It is necessary to take into account if this land belongs to a 
protected natural area or a cultural asset. 

It should be noted that the possibility of using abandoned mining areas, abandoned communal 
landfills and closed energy plants (Pljevlja Thermal Power Plant after decommissioning) should be 
considered for the installation of photovoltaic panels and wind farms, as well as hydrogen infrastruc-
ture. 

In March 2024, the Ministry of Energy and Mining signed a Memorandum of Understanding with The 
Nature Conservancy and the Eko-team to collaborate on promoting solar and wind development. 
This memorandum aims to facilitate a national study on the optimal placement of solar and wind 
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power plants in Montenegro, identifying areas for renewable energy development while preserving 
natural and social values. 

In 2020, companies responsible for the public water supply and sewage system processed 121.3 
million m3 of water. Groundwater and springwater account for 82% of the total volume of water pro-
cessed, surface water for 1.6% and other water supply systems for 18.2% 31. Considering these 
facts, it can be concluded that the amount of water required for the operation of electrolysis plants 
in Montenegro (maximum 194.72 and 324.55 Mt of water in the MH2E and AH2E scenarios, respec-
tively) will not affect the sustainability of water supply in Montenegro. It is necessary to take into 
account the possible construction of these plants in the coastal area of Montenegro, where there is 
a problem with water supply and it is threatened by climate change. It should also be noted that the 
use of seawater increases the operating costs of the electrolysis plant. 

4.5 Energy Community Report on Implementation of Hydrogen Economy in Montenegro 
Comparative assessment framework used in Energy Community Report of Member Countries in 
2021 32 was based on five criteria: H2 drivers, potential H2 production capacity, delivery infrastruc-
ture, potential hydrogen applications and socioeconomic conditions. Montenegro was ranked se-
cond lowest among all nine contracting parties, performing particularly poorly for criteria 2,3 and 4. 
That situation is better and/or could improve in a time shorter than anticipated can be argued.  

• Potential for H2 production capacity – Montenegro has a great potential for renewables 
utilization, both wind and solar – NECP scenarios envisage a fast increase of solar and wind 
capacities in a relatively short period, with saturation already in 2035 (please see Table 4.6). 

• Delivery infrastructure – despite an evident lack of gas infrastructure, construction of the 
Ionian Adriatic pipeline in Montenegro is now prioritized. Also, there is a possibility for road 
and railroad transport and the possibility of storing hydrogen locally close to RES. 

• Potential hydrogen applications in Montenegro are power-to-X and decarbonization of 
transport and to a lesser extent industry. It should be noted that in sectors relevant to Mon-
tenegro, hydrogen utilization will soon be competitive (e.g. Power-to-X: battery storage 
and pumped hydroelectrics are seen as viable alternatives to hydrogen. While the prices 
of large-scale hydrogen and battery storage are comparable33, there is a clear trend of rel-
evant hydrogen technologies price decrease in the future. Specifically in Montenegro, 
there is a problem of seasonal shortages and surpluses and also volatile annual electricity 
production due to climate changes (see Figure 3.3), both giving an advantage to hydrogen 
storage technologies over batteries (which are more suitable for short-term storage and 
charge/discharge cycles on regular basis). At the same time, pumped hydroelectric tech-
nology as a viable alternative to hydrogen and batteries is not envisaged in Montenegro in 
the near future. 

  

 
31 Source- URL: https://www.monstat.org/eng/novosti.php?id=3301 
32 Study on the potential for implementation of hydrogen technologies and its utilization in the Energy Com-
munity: Part III: Contracting Party Assessment 
33 Comparative techno-economic analysis of large-scale renewable energy storage technologies, Energy and 
AI 14 (2023) 100282 
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5 Ambitions and Short- Mid- and Long-term Goals  

Ambitions 

Harmonization of the regulatory framework is an important task by the year 2030 following the status 
of EU member candidate country and future member state. A shift of economic and social paradigm 
toward hydrogen and related technologies will lead to the decarbonization of industry, energy, trans-
port, and tourism sectors. Montenegro is seen as a future producer of green hydrogen, with related 
infrastructure development and/or improvement. Finally, a consequence of the abovementioned 
paradigm shift will be accompanied by further academia and R&D sector development, boosting 
innovations, international collaboration and knowledge exchange, and increasing the number and 
quality of highly educated personnel in the field of renewable energy and hydrogen-related techno-
logies. 

Short-term Goal (by the Year 2030)  

Creating a stable regulatory framework and financial network needed for investments in the green 
hydrogen economy, hydrogen pilot projects in transport and green hydrogen production and the 
foundation of the National Hydrogen Council - together with relevant ministries and the Statistical 
Office be prepared for the leading role in governance and achievement of middle and long term 
goals. 

Mid-term Goal (by the Year 2040) 

Established public-private partnerships, and transition from pilot projects to large-scale hydrogen 
production with the help of strong financial incentives from the government and relevant ministries. 
Strengthening of the R&D sector, knowledge transfer and training of staff for the upcoming transition. 

Long-term Goal (by the Year 2050) 

Production of green hydrogen from up to 15% of available RES with the leading role of the private 
sector and with the help of the expected price drop of electrolyzers and accompanying technologies, 
as well as the expected economic profitability.  

Reaching the goals of decarbonization of the transport sector (road, river, short-range maritime) with 
further development of the accompanying infrastructure. 
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6 Assessment of Opportunities for Montenegro - Industry and Economy 
 

The development of the green hydrogen sector offers huge possibilities for growing business in 
the hydrogen value chain.  
 

• Power-to-hydrogen: refers to a range of processes that use hydrogen to convert, store, and re-
transform electricity derived from wind and solar energy sources. 

• Hydrogen in transport: use of hydrogen FC and combustion vehicles in urban transportation as 
light-duty vehicles (passenger cars and vans) or heavy-duty vehicles (trucks and buses), as well 
as in short-distance maritime shipping transport.  

• Hydrogen in industry and tourism: utilization of green hydrogen as a chemical source or energy 
carrier in industrial processes due to the decarbonization process. The use of green hydrogen 
and fuel cell technology can provide a decentralized energy supply for hotels and other tourism 
facilities. 

• Material and parts supply for hydrogen production and utilization: vendor and dealer networks, 
researching, developing, and transferring technology for advanced materials and parts are 
essential for the development of the green hydrogen sector. 

• Water Treatment for Electrolysis: water is the primary source for the production of green 
hydrogen, and it is crucial to purify it to ultrapure water.  

• Construction and maintenance of hydrogen process equipment: crucial factors for future 
deployment of the green economy in Montenegro 

• Digitalization of the Green Hydrogen Sector: essential for the expansion of the hydrogen 
economy; promotes technological innovation, removes obstacles in the value chain, enables 
faster and more effective scaling and optimization of the hydrogen value chain, and improves 
economic outcomes. 

• New financial services: this includes new financial products and models that encourage 
investments in green hydrogen 

• Other services: this includes engineering consultancies, Test Equipment, Certifications, 
Communication and marketing, organization of events, etc. 

• Circular economy: makes it easier to manage the resources used in the hydrogen value chain by 
implementing sustainable 3R practices (reduce, reuse, and recycle). 
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7 Foundation/ frameworks/ elements for a National Green Hydrogen Stra-
tegy of Montenegro 

7.1 Decision-making and Regulatory Framework 
The government of Montenegro is responsible for the adoption and implementation of the political-
regulatory framework for green hydrogen. Further, this framework also includes Montenegro's obli-
gations to the EU, UN, and other international organizations. All stakeholders (governmental agen-
cies, industry, producers, vendors, and end users) should collaborate to identify and develop a re-
gulatory framework. Further, this framework also includes Montenegro's obligations to the EU, UN, 
and other international organizations.  

The legislative framework related to the construction, production, transportation, storage and use 
of green hydrogen in Montenegro can be divided into the following segments: 

• Regulations in the field of planning and construction 
• Regulations in the field of energy  
• Environmental and climate change regulations 
• Regulation in the area of water management 
• Regulations in the area of safety in the production and use of green hydrogen 
• Other regulations 

Regulation in the field of planning and construction was defined by the Law on Spatial Development 
and Construction of Structures (Official Gazette of Montenegro No. 51/08, 34/11, 35/13) and Law 
on Concessions (Official Gazette of Montenegro No. 08/09). 

Regulations in the field of energy cover: 

• Law on Ratification of the Treaty establishing the Energy Community between the European 
Community and the Republic of Montenegro (Official Gazette of Montenegro No. 66/06) 

• Law on Energy (Official Gazette of Montenegro No. 28/10, 06/13) 
• Law on the Use of Energy from Renewable Sources (Official Gazette No. 82/24) 
• Law on efficient use of energy (Official Gazette of Montenegro, No. 057/14 of 26.12.2014, 

003/15 025/19) 

The legislative framework regulating authorization, certification, and licensing procedures in the field 
of environmental protection and  climate change encompasses: 

• Law on Environment (Official Gazette of Montenegro No. 48/08, 40/10, 40/11), 
• Law on Strategic Environmental Impact Assessment (Official Gazette of Republic of 

Montenegro No. 80/05, 73/10, 40/11, 59/11), 
• Law on Environmental Impact Assessment (Official Gazette of Republic of Montenegro 

80/05, and Official Gazette of Montenegro No. 40/10, 73/10, 40/11,27/13), 
• Law on Integrated Environmental Prevention and Control of Environmental Pollution (Official 

Gazette of Republic of Montenegro No. 80/05, and Official Gazette of Montenegro No. 
54/09, 40/11), 

• Law on chemicals (Official Gazette of Montenegro, No. 051/17) 
• Law on Air Protection (Official Gazette of Montenegro No. 25/10, 40/11), 
• Law on Waste Management (Official Gazette of Montenegro No. 64/11) 
• Law on National Parks (Official Gazette of Montenegro No. 56/09) 
• Law on Nature Protection (Official Gazette of Montenegro No. 51/08, 21/09, 40/11), 
• Law on protection against the negative effects of climate change (Official Gazette of 

Montenegro No. 073/19) 
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• Law on Ratification of Kyoto Protocol to the United Nations Framework Convention on 
Climate Change (Official Gazette of Montenegro No. 17/07). 

Regulations in the area of water management were determined by Law on Waters (Official Gazette 
of Montenegro No. 27/07, 32/11, 47/11), and Law on Financing Water Management (Official Gazette 
of Montenegro No. 65/08,74/10, 40/11). 

Regulations in the area of safety in the production and use of green hydrogen enclose: 

• Law on protection and health at work (Official Gazette of Montenegro No. 34/2014 and 
44/2018) 

• Law on protection and rescue (Official Gazette of Montenegro No. 13/2007, 5/2008, 
86/2009 - other law, 32/2011, 54/2016, 146/2021 and 3/2023) 

• Law on flammable liquids and gases (Official Gazette of Montenegro No. 26 of May 7, 2010, 
31/10, 40/11) 

• Law on Transportation of Dangerous Goods (Official Gazette of Montenegro No. 33/2014 
and 13/2018). 

• Law on technical requirements for products and conformity assessment (Official Gazette of 
Montenegro No. 53/2011 and 3/2023), 

• Law on standardization (Official Gazette of Montenegro No. 145/21). 

Other legislation of relevance to authorization, certification and licensing procedures for green hyd-
rogen includes: 

• Law on Agricultural Land (Official Gazette of Montenegro No. 15/92, 59/92, and Official 
Gazette of Montenegro No. 32/11), 

• Law of Maritime Property (Official Gazette of Montenegro", No. 14/92 and 27/94 - other law 
and Official Gazette of Montenegro No. 51/2008 - other law, 21/2009 - other law and 
40/2011) 

• Law on Property and Legal Relations (Official Gazette of Montenegro No. 19/09), 
• Law on Protection of Cultural Heritage (Official Gazette of Montenegro No. 49/10), 
• Law on State Property (Official Gazette of Montenegro No. 21/09), 
• Law on General Administrative Procedures (Official Gazette of Republic of Montenegro No. 

60/03, and Official Gazette of Montenegro No. 32/11). 

7.1.1 Outlining a training program for employees of authorities and state institutions 
The dynamics of the development of RES-related planned or started projects (by this Strategy) will 
have to be significantly accelerated to meet the necessary capacity increase on time. 

Processing the growing number of project permits will require sufficient adequately trained staff in 
permitting authorities and network operators, as well as staff responsible for environmental asses-
sments and national appeals procedures. 

There are various obstacles to RES-related projects, including the complexity of the applicable site 
selection rules and administrative authorizations for projects, network-related issues, limitations in 
adapting technological specifications during the permitting process, or staffing issues of licensing 
authorities or network operators. As a result, RES-related project realization can take up to 10 years. 

Sectoral cooperation on skills between the public authorities, industry, social partners and educa-
tion and training institutions is one of the answers to this issue. The common goal must be to 
address skills shortages in industrial sectors by mobilizing companies, workers, national and local 
authorities, social partners, industrial organizations, vocational education and training providers, 
chambers of commerce and employment services to invest in upskilling and retraining activities. It 
is also necessary to plan activities that indicate the need for training and skills improvements aimed 
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at state and local permitting personnel and to consider the specifics of their roles. In this sense, the 
government of Montenegro and related ministries are encouraged to act and provide sufficient op-
portunities for training. 

Training policymakers on the permitting process is crucial. Training should be based on developing 
case studies on different permitting cases with a focus on practical skills training. Developing "train 
the trainers" courses and setting up networks will accelerate knowledge transfer and ensure a 
sustainable skills pipeline. 

The development of training programs for officials of government bodies and state institutions 
should be part of the annual plans of the government and relevant ministries with appropriate bud-
gets for the implementation of those plans. 

Lack of experience with developing hydrogen projects means that not all barriers may be known. The 
European Clean Hydrogen Alliance (ECH2A) is currently working on a stakeholder-driven report on 
hydrogen project permit-related barriers which will derive some recommendations and best prac-
tices. Initial assessment of stakeholder feedback from the report suggests that having a single 
contact point could alleviate some of the complexity and streamline the permit-granting procedure 
particularly when numerous competent authorities are involved. 

7.1.2 Concrete actions to ensure environmental and social responsibility 
Montenegro is a candidate country for membership in the EU and makes progress in environmental 
and climate change, transport, energy, and regional policy.  Environmental legislation is still in the 
harmonization process and procedures for issuing consents and permits for contractors are quite 
similar to those in EU countries. 

Article 2 of the EIA Directive (Directive 2011/92/EU of the European Parliament and of the Council of 
13 December 2011 on the assessment of the effects of certain public and private projects on the 
environment) which is part of Montenegro Environmental Impact Assessment Law (EIA Law) explici-
tly provides that EIA may be integrated with other procedures. This offers a significant potential for 
simplifying environmental permit-granting when several environmental assessments stemming 
from several Directives (the EIA Directive, the SEA Directive, the Habitats and Birds Directives, the 
Industrial Emissions Directives, the Water Framework Directives, the Seveso Directives, etc.) are 
required and several authorities are involved. 

7.1.3 Cooperation between industry and government 
In accordance with Commission Recommendation (EU) 2024/1343 on speeding up procedures for 
issuing permits for renewable energy sources and related infrastructure projects, the government of 
Montenegro should take the necessary steps to improve cooperation between industry and the 
government. 

The good occasion is that implementation of the decarbonization agendas of governments and com-
panies will take both in the same direction – to make progress. 

From one side, the government should provide a clear vision to investors on how and when the prere-
quisites (planning documents, regulatory frameworks for permits, necessary infrastructure, etc.) for 
hydrogen production will be provided. 

The government should provide concrete information about decision deadlines for projects and key 
demand decisions to underpin their own decision-making processes and to restore confidence. The 
government needs to have a clear situation around how and when hydrogen infrastructure (hydrogen 
transport and storage infrastructure) will be developed across the country - e.g. incentivize the 
construction of hydrogen refueling stations and the purchase of hydrogen heavy goods vehicles.  

On the other side, industry and trade associations should work together to evaluate the scale of the 
economic opportunity of hydrogen, to ensure this is not underestimated. The government would 
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benefit from additional data to provide the full picture of how many jobs the hydrogen economy 
could create. 

The joint task of government and industry should be to bring industry, government, and academia 
together to ensure that short- and long-term skills needs are met within hydrogen development. 

Government policies should facilitate public-private cooperation and encourage cooperation 
between the public and private sectors to finance research initiatives, develop pilot projects, etc. 

7.1.4 International partnerships 
The possibility of an international partnership between Montenegro and EU member states and 
countries outside the EU is significant. Also, cooperation with the ECH2A is desirable, since Monte-
negro fulfills the criteria for membership. This would enable Montenegro to access state-of-the-art 
projects and innovations and connect with investors interested in investments in Montenegro in the 
direction of strengthening the country's infrastructural and production capacities, toward a faster 
and more efficient green transition based on hydrogen. 

To accelerate clean hydrogen deployment across all parts of the value chain, the ECH2A’s work cen-
ters around roundtables, working groups, and the electrolyzer partnership. 

Example 1: The permitting working group prepared a report mapping permitting bottlenecks and 
identifying good practices and policy recommendations. The report could be more than useful tool 
for Montenegro’s relevant institutions.  

Example 2: The ECHA’s reports of the alliance roundtables on barriers and mitigation measures 
bring information among others on the main barriers that impact the rollout of renewable and low 
carbon production, transmission, distribution and use across Europe. Participation in round tables 
would help the Montenegro administration and interested parties to jointly develop projects for 
mutual benefit. 

The members of the Alliance are representatives of industry companies with activities in the hydro-
gen value chain, high-level representatives of trade unions, civil society organizations, investors, and 
the research community with an interest in hydrogen, as well as national and regional public autho-
rities involved in hydrogen deployment. 

To create opportunities for importing hydrogen or for technological cooperation, the government of 
Montenegro and competent ministries must establish partnerships in the field of energy or hydrogen 
or sign memoranda of understanding with EU Member States and non-EU countries. 

A good example is hydrogen partnerships and memoranda between the EU and other countries as 
well as hydrogen partnerships and memoranda between some of the EU Member States (Germany, 
the Netherlands, and Poland) and countries outside the EU. 

7.2 R&D and Education 
Taking into account the current state of affairs of education and R&D sectors in the field of renewable 
energy sources and specifically hydrogen and hydrogen-related technologies, there is plenty of room 
for improvement. Strengthening capacity in this area is one of the priorities of the green transition 
and is important for staying current with R&D and industry trends worldwide. Another important as-
pect is the influence and educational role that this sector must have in raising public awareness of 
the importance, necessity and advantages of hydrogen technologies‘ introduction and its share in 
the upcoming green transition. 

Investing in a specialized educational program adapted to the country‘s specific demands would be 
necessary to create a long-term, skilled workforce in Montenegro. With its potential to grow into an 
all-encompassing training curriculum over time, this program begins with targeted modules and se-
minars as joint master programs in collaboration with regional and international institutions. 
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An international exchange program with partner countries would be a feasible short-term solution. 
Collaborating with foreign partners with advanced expertise could provide Montenegrin specialists 
with hands-on experience, allowing them to acquire essential skills and knowledge relatively 
quickly. This approach also encourages knowledge transfer and fosters international networks. 

This dual approach, beginning with international exchange and gradually developing an in-house 
education program, could offer both immediate and sustained benefits, allowing Montenegro to 
build a resilient and skilled workforce in the relevant field. 

The necessary steps regarding the future role of education and R&D in the hydrogen economy of 
Montenegro are: 

1. Engineers and technicians are in significant demand to implement the hydrogen economy 
successfully in Montenegro’s social environment. Therefore, quality access to education 
and personnel career development, starting from high school level, up to highly educated 
specialists,  is crucial. This process implies carefully designing new or improved existing 
programs and modules in high schools, universities, and institutes.  

2. Montenegro’s educational and research institutions must foster innovation and capacity 
building in this sector. Establishing new master’s and doctorate programs centered on 
hydrogen technologies will advance research, cultivate a proficient workforce, and address 
the nation’s future energy requirements. The curriculum of a two-year master’s degree 
program should involve technologies for the production, storage and transportation of 
hydrogen and its use in different sectors and industries. Engineering or related degree 
holders interested in renewable energy and hydrogen technology and working professionals 
looking to hone their knowledge in this area should be eligible to enroll in the master’s 
program.  

3. The doctoral program should focus on cutting-edge hydrogen technologies,  economic 
models, and environmental protection to accelerate the development of innovative and 
efficient technologies for green hydrogen. 

4. By 2040 as a result of the establishment of green hydrogen-related educational programs at 
the high school and college level up to 200 students with IV and V degrees of vocational 
education and up to 20 students with VI-VIII degrees will be educated – a necessary step 
toward the strengthening of scientific research potential and the technological base for 
development and utilization of hydrogen-related technologies. Their training and education 
will also intensify cooperation between science and business and increase interest in 
international and particularly regional connections. This in turn will lead to the development 
of new economic branches in Montenegro with high added value.  

5. It is important to integrate new educational modules into existing study programs at 
universities as well as to create new educational programs that will focus on segments of 
the hydrogen-based economy and that will educate new generations of highly qualified 
experts specialized in hydrogen technologies. Engineering skills and the training of 
specialists and experts are needed to create a local maintenance and development capacity 
for hydrogen technology. Increased cooperation between Montenegrin research institutions 
and the hydrogen sector companies will bridge the gap between academic research and 
business R&D, subject to support from the growing capacity to conduct various research 
projects (including applied research).  

6. Further, the safety of the system and possible negative consequences of new technologies-
based hydrogen must be considered. The negative perception of public opinion can greatly 
slow down the transition process, which at a time of strong, ambitious, and accelerated 
decarbonization can be the main reason for insufficient use of hydrogen in the economy and 
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further delays in the decarbonization process. Therefore, it is necessary to develop and 
promote other, significantly safer ways of storing hydrogen than under high pressure (for 
example, using metal hydrides). 

7. The development of an educational infrastructure and research center for green hydrogen is 
not just a project, but a strategic endeavor of significant importance. It involves the 
establishment of educational laboratory infrastructure for hydrogen production (e.g., 
electrolysis), hydrogen storage, and fuel cells. Furthermore, the creation of e-learning 
platforms for distance learning in hydrogen technologies (webinars, lectures, 
collaborations) is part of this strategic approach.  

8. The University of Montenegro's hub for green hydrogen, a new core research facility, will be 
a platform that values the contributions of industry, community, academia, policy, and other 
stakeholders. The involvement of the University of Montenegro's researchers in this 
collaborative research effort is integral to advancing the clean energy transition and tackling 
research challenges related to the production, storage, distribution, and end-use of 
renewable hydrogen. The hub’s structure will enable a focus on production, 
storage/distribution, and the end use of green hydrogen, as well as environmental 
protection, economic models, social sustainability, and safety.  

9. International cooperation must be fostered along with the exchange of information regarding 
the need for the deployment of renewable energy and investment opportunities for large-
scale projects. An increase in international and regional cooperation should be achieved by 
participation in the regional hubs and related international organizations. 

Table 7.1 Education and R&D-specific goals 

Goal Indicator 
Initial value Target value 

2023/2024 2040 2050 

Increasing the number of 
Researchers/engineers 

No. of researchers / 
engineers 

<20 > 20 > 50 

Increasing the number of 
vocational education students 

No. of vocationally 
qualified personnel 

0 >200  

Increasing the number of 
National projects No. of projects 0 10 >20 

Increasing the number of 
international projects 

No. of projects <5 10 >20 

Encouraging the development 
of science, R&D of hydrogen 

technologies 

No. of hydrogen 
economy-related 

patents. 
0 5 10 

New study programs 
and modules dedicated to 

hydrogen technologies 

Number of programs 
and modules 

There are  
none 

2 >5 

 

Education and R&D-specific goals in the field of renewable energy sources and specifically hydrogen 
and hydrogen-related technologies are shown in Table 7.1. 

7.3 Support System of Green Hydrogen 
The development of the green hydrogen market, especially in the initial phase, is not possible 
without governmental supporting measures and initiatives. Various administrative barriers, such as 
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slow issuance of permits, bureaucracy, and insufficient staff, need to be removed. The supporting 
system for the hydrogen project refers to two types of measures and incentives: for hydrogen pro-
duction and hydrogen consumption. 

7.3.1 Production Supporting Measures and Incentives for Hydrogen Production 
These measures and incentives involve financial support to cover the expenses of setting up (such 
as electrolyzers, compressors, storage facilities, and carbon capture systems) or running (like e-
lectricity and water) hydrogen production facilities. The primary aim is to promote the construction 
of infrastructure capable of producing hydrogen. 

Nowadays, most of the attention is on helping with the financial issues needed to build hydrogen 
production places, but the operational costs do not get as much focus. 

Production measures and incentives have mostly focused on deployment projects, as well as R&D. 
These incentives include financial backing for hydrogen production (soft loans, bank guarantees), 
operational support (reduction fees for water consumption), tax benefits for hydrogen generation, 
reductions in electricity taxes, subsidies for managing variable renewable energy sources (reduction 
cost for grid balancing), and regulations that facilitate the direct connection of renewable energy to 
electrolyzers, among others. 

For hydrogen to become widely used in Montenegro, a certification system to verify its origin and 
confirm it as a low-carbon or renewable fuel, material, or energy storage method is crucial. 

7.3.2 Consumption Supporting Measures and Incentives for Hydrogen Consumption 
Consumption measures and incentives are related to financial support mechanisms for hydrogen 
once it is delivered to the end user. This can include giving grants or financial measures for improving 
facilities or equipment to use hydrogen or offering direct financial support to make hydrogen more 
appealing to consumers. The main goal is to make the hydrogen market more attractive for both 
producers and consumers compared to traditional fossil fuels markets. Many countries have put in 
place these types of incentives to follow EU rules aimed at reducing GHG emissions. This effort can 
be part of the Emissions Trading Scheme (ETS), the Renewable Energy Directive (RED 2), and the 
Regulation on the Deployment of Alternative Fuels Infrastructure.

 

  



 

 

 

  



 

 

 

8 Action plan 
 

The action plan of the Strategy contains 6 actions: 

1. Creating a stable regulatory framework for investments in the green hydrogen economy, 
2. Planning and development of infrastructure for green hydrogen, 
3. Integration of green hydrogen into the existing economic system and its decarbonization (energy, transport, industry, etc.), 
4. R&D, Science, Innovation, Education, training and promotion of green hydrogen, 
5. Improving cooperation with local municipalities, regional and international organizations and 
6. Monitoring and evaluation. 

Every action has assigned measures defined according to short-, medium- and long-term strategy goals, as defined in Section 5.   

Action Measures Relevant stakeholders Period of 
implementation 

ACTION 1 
 
Creating a stable  
regulatory framework for  
investments in green  
hydrogen economy 

• Hydrogen Strategy adoption 
• Establishment of the National Hydrogen Council  
• Adoption of long-term goals for green hydrogen infrastructure 

development 
• Financing and development of pilot projects for the 

production, storage, distribution, and utilization of green 
hydrogen 

• Adopting a policy of favorable loans, tax exemptions, and other 
incentives in the hydrogen value chain 

• Passing regulations on the green water market 
• Establishment of Administration for the necessary permits and 

consents efficient issuance for hydrogen projects 
• Definition/Introduction of Guarantees of Origin (GO) for green 

hydrogen 
• Adoption of technical and safety standards and protocols for 

green hydrogen 
 

• Government and relevant 
ministries 

• Industry 
• Chamber of Commerce 
• Civil society organizations 
• Local Municipalities 

2024-2035 



 

 

 

Action Measures Relevant stakeholders Period of 
implementation 

ACTION 2 
 
Planning and  
development of  
infrastructure for green  
hydrogen 

• Ensure balancing of the electrical energy system with new 
photovoltaic systems and wind farms 

• Build a new transmission and distribution network to receive 
energy from new photovoltaic power plants and wind power 
plants 

• Implement the EU Regulation 2023/1804 on the deployment 
of alternative fuels infrastructure  

• Public-private partnership in green hydrogen projects 
• Government and industry cooperation on mapping the 

potential for establishing a hydrogen value chain 
• Ensure visibility of future hydrogen projects in planning 

documents  
• Include hydrogen in long-term infrastructure planning at the 

national and local level 

• Government and relevant 
ministries 

• Industry 
• Chamber of Commerce 

and other business 
associations 

• Local municipalities 

2024-2040 

ACTION 3 
 
Integration of green  
hydrogen into the existing 
economic system and its  
decarbonization (energy, 
transport, industry, etc.) 

• Ensure the connection of the green hydrogen energy system to 
the existing renewable electricity system 

• Facilitate the knowledge exchange after the achieved 
integration of the first hydrogen projects into the energy 
system 

• Identify all the changes needed to ensure the efficient 
integration of hydrogen into energy systems on a market basis 

• Implementation of technical and safety standards related to 
the application of green hydrogen 

• Government and relevant 
ministries 

• Industry 
• Chamber of Commerce 

and other business 
associations 

• Retail chains 
• Local municipalities with 

potential for tourism 
development 

• Civil society organizations 
 

2024-2040 



 

 

 

Action Measures Relevant stakeholders Period of 
implementation 

ACTION 4 
 
R&D, Science,  
Innovation, Education,  
training and promotion of 
green hydrogen 

• Use realized and future green hydrogen projects for training 
and innovation 

• Establish educational programs at the high school and college 
level for green hydrogen 

• Provide courses and training for the retraining of workers who 
would work on the installation and maintenance of hydrogen 
infrastructure 

• Encouraging R&D of new technologies for efficient production, 
transport, storage, and use of hydrogen  

• Knowledge transfer from research institutions to the economy 
• Active participation in international hydrogen-related 

scientific projects  
• Taking advantage of ongoing and future green hydrogen 

projects to inform the public about the advantages of 
hydrogen-related economy 

• Dissemination of knowledge and experience to educate the 
general public and industry regarding the advantages of 
hydrogen technologies 

 

• Government and relevant 
ministries 

• Innovation Fund of 
Montenegro 

• Industry 
• Chamber of Commerce 

and other business 
associations 

• Civil society organizations 

2024-2040 



 

 

 

Action Measures Relevant stakeholders Period of 
implementation 

ACTION 5 
 
Improving cooperation with 
local municipalities,  
regional and international 
organizations 

• Cooperation with local municipalities on the planning and 
building of hydrogen infrastructure (taking into account the 
specificities of each local municipality) 

• Active participation (through membership) in international 
organizations that promote green hydrogen  

• Advocacy for international harmonization of standards for 
green hydrogen 

• Establishing cooperation at the regional level to establish a 
common green hydrogen market 

• Establishment of hydrogen hubs and hydrogen valleys 

• Government and relevant 
ministries 

• Industry 
• Chamber of Commerce 

and other business 
associations 

• Academia 
• Local municipalities,  Civil 

society organizations 
• Regional organizations 
• Professional associations 
 

2024-2035 

ACTION 6 
 
Monitoring and  
evaluation 

• Improving public participation in the decision-making process 
and the processes of monitoring the realization of hydrogen 
projects 

• Identification of the clear goals and measurement indicators 
for monitoring the development of the hydrogen sector 

• Evaluation and monitoring of the effects of government 
funding of hydrogen-related projects and established policies 

• Improvement of the work of the Statistical Office of 
Montenegro on data collection and reporting regarding green 
hydrogen 
 

• Civil society organizations 
• Government and relevant 

organizations 
• Statistical Office of 

Montenegro 
• Industry 

2024-2035 
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9 Governance of the Strategy 
 

As a part of the decarbonization process of Montenegrin society, and the introduction of the hydro-
gen economy, it is necessary to include and interconnect all interested parties (governmental bo-
dies, municipalities, industry, the academic community, as well as professional and civil society 
organizations.  

To coordinate these activities, the government should form the National Hydrogen Council (NH2C) 
with the interested parties, as a central advisory and expert body where these activities will be coor-
dinated and monitored. The National Hydrogen Council will also monitor the implementation of the 
Hydrogen Strategy and propose measures for its successful implementation and improvement. The 
rise of public awareness and knowledge of the hydrogen economy and its aspects can be further 
achieved by exchanging information and ideas at fairs, round tables, thematic shows, conferences, 
etc.  

The establishment of the hydrogen value chain is not possible without a partnership with countries 
in the region, the European Union and through international organizations membership. The go-
vernment and the National Hydrogen Council will work to establish partnerships with international 
organizations and countries. Public companies and companies in the majority state ownership to-
gether with the government of Montenegro should include green hydrogen in their business plans 
and strategies to achieve decarbonization goals. Of crucial importance for successful projects is the 
partnership between the government, local municipalities, industry and the Chamber of Commerce 
of Montenegro.  

The aforementioned measures will be implemented by: 

• the adoption of an incentive legislative framework, 
• raising knowledge and awareness of the role of green hydrogen in the energy transition 

process, 
• establishment of a green hydrogen market,  
• provision of  incentive financing for hydrogen projects,  
• application of (green) hydrogen in economic activities,  
• introduction of technical safety standards and protocols in the application of green 

hydrogen technologies. 
 

Through the process of cooperation improvement with civil society in the implementation of hydro-
gen-related projects, the government will push toward easier and faster acceptance of these pro-
jects in the local communities and improve overall public perception.  

Monitoring of achieved objectives will be provided by the government of Montenegro (relevant Minis-
try of Energy and Mining) in cooperation with the MONSTAT, which will collect information on the 
hydrogen application progress. Based on these data, the National Hydrogen Council and the go-
vernment will propose measures to improve the implementation of the hydrogen strategy. 

The form, mandate and organization of the NH2C are to be decided by the government based on the 
adoption level of the elements of the hydrogen economy and recommendations of this strategy.  



 

Technical and Methodological Support of the Green Hydrogen Strategy of Montenegro 

 

56 

10 Instead of Conclusion - Guidelines for a Successful Transition Toward Hyd-
rogen Economy 

 

This document proposes two scenarios for the development and implementation of the hydrogen 
economy, in accordance with other key strategic to-be-adopted documents and the role and obli-
gations imposed on Montenegro as a candidate member EU country.  

With all its specificities and comparative advantages and disadvantages, Montenegro should decide 
the most optimal scenario based on a careful and comprehensive analysis necessary to ensure a 
functional and sustainable green transition based on hydrogen and related technologies. 

10.1 Key Recommendations 
The key recommendations have been categorized according to the sectors and stakeholders being 
addressed, although they overlap to some extent. 

Governmental bodies 

1. Take measures to adopt strategies and national objectives regarding green hydrogen in 
Montenegro;  

2. Implement the EU Regulation 2023/1804 on the deployment of alternative fuels 
infrastructure; 

Energy and industry sector 

3. Improve the fulfillment of objectives in the production and application of renewable energy 
from wind and photovoltaics;  

4. Ensure the electric power system load balancing and the reception of energy from 
intermittent sources - new photovoltaic and wind power plants;  

5. Adopt and implement technical standards for green hydrogen;  
6. Adopt procedures for issuing a guarantee of origin for green hydrogen;  
7. Prioritize the use of green hydrogen in sectors that are difficult to decarbonize without more 

cost-effective alternatives such as energy, transport (public, short-distance regional and 
short-distance maritime transport) and industry;  

Financial sector  

8. Implement financial measures and incentives to accelerate the initial stages of 
implementation of green hydrogen technologies;  

Education and science  

9. Provide quality personnel knowledge/skills transfer, as well as technology transfer for the 
research & development of advanced hydrogen technologies;  

10. Improve international cooperation and alliances, along with raising public awareness to 
accelerate the penetration of green hydrogen into the national economy; 

10.2 Final Remarks 
• The government of Montenegro should recognize green hydrogen as an important energy car-

rier and give it priority up to 2030. Consequently, this draft strategy proposes a legal frame-
work to attract investment in green hydrogen infrastructure from the public and private sec-
tors. For this reason, establishing transparent regulations for a stable and long-term period 
coupled with an efficient administrative system is fundamental. The government can ensure 
this through the establishment of supportive mechanisms that lead to enhancements in 
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issuing permissions, measures for long-term off-take agreements, feed-in tariffs, guaranteed 
purchase prices, etc. These moves will help keep investors’ risk exposures low while also cre-
ating a reliable market for green hydrogen. 

The areas where green hydrogen can be used in Montenegro are mainly focused 
on energy, transportation, and partly industry. 

• The Montenegrin energy sector can use surplus electricity from wind and solar power plants 
connected to the grid to produce hydrogen. With this approach, energy can be stored and 
sold at a premium price or during moments of high demand when energy is in short supply. 
The integration of hydrogen storage with renewable energy sources (wind and solar) can 
guarantee the energy system's durability and flexibility. The need for energy storage technol-
ogies to maintain supply during shortages and refill reserves during excess periods is high-
lighted by seasonal swings in wind and solar energy generation. 

• Enhancing the infrastructure for energy receipt from solar and wind energy systems is cru-
cial, as hydrogen is produced by these sources. Additionally, developing an effective bal-
ancing system for Montenegro's electric power grid in tandem with the increase of this en-
ergy capacity is recommended.  

• To ensure a strong network for the transportation of hydrogen vehicles throughout the EU, 
by 2030 (Regulation (EU) 2023/1804), hydrogen supply infrastructure needs to be built in 
every urban area and every 200 kilometers along the major TEN-T EU network. This will ac-
commodate both automobiles and trucks. Also, Montenegro has to implement this regula-
tion. Pilot projects led by the state can help build hydrogen infrastructure for transportation, 
like refueling stations, to integrate these resources into urban and coastal transport by 
2030. This initiative is particularly significant for urban mobility and transportation in larger 
cities or municipalities with tourism potential. 

• Nowadays, the consumption of green (or any other) hydrogen in  Montenegro's industrial 
sector is negligible. The infrastructure needed to produce chemical products, refine oil, and 
make mineral fertilizers is lacking in Montenegro. To reduce Montenegro's dependency on 
imports, the government should support and encourage demand for green hydrogen, espe-
cially in industrial sectors that stand to gain significantly from its application. This primarily 
relates to the chemical industry and the manufacturing of mineral fertilizers. It may also be 
advantageous to encourage the use of hydrogen as an energy source in industry.  

• Montenegro's natural gas network is not yet established. Although the construction of Ionic 
Adriatic Pipeline is among the priorities of the actual government, at the moment and in the 
near future, using green hydrogen in the gas network is not an option. 

• Policy frameworks for governmental support of early hydrogen projects require a focus on 
sustainability, environmental protection, and carbon reduction goals to lay the foundation 
for the green hydrogen industry. This approach needs to address technical challenges and 
scale up the green hydrogen project involves interventions in several areas. They include 
measures aimed at improving electrolysis efficiency, ensuring durable and low-cost elec-
trolysis systems are put in place, developing storage technologies for hydrogen, deploying 
fuel cells, and incorporating renewable energy sources like solar and wind power into the 
grid, along with incentives for research and development. 
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• As a candidate for EU membership, Montenegro has to integrate and enforce EU energy and 
climate regulations at its national level. The basic principle guiding Guarantees of Origin is 
that each unit of electricity from renewable energy can be certified only once. These instru-
ments monitor where renewable electricity is supplied, while green certificates show eligi-
bility according to EU rules for various support programs. For this reason, energy suppliers 
are supposed to reveal this information to their customers using Guarantees of Origin that 
prove that their supplies originated from specific producers only. These certificates may 
also be exchanged within the EU or beyond its borders. The Renewable Energy Directive 
(RED 2) has extended and involves a Guarantee of Origin for green hydrogen and bio-
methane.  

• An international system with reliable and verifiable Guarantees of Origin tracking must be 
established to enable monitoring and management of the effects of green hydrogen on cli-
mate change programs. If hydrogen initiatives increase the use of fossil fuels and obstruct 
energy efficiency and electrification, there is a high risk of carbon locking. For this reason, 
accurate measurement of greenhouse gas emissions is very important. Therefore, Monte-
negro needs to develop an overall policy framework for the successful integration of hydro-
gen energy systems in the process of decarbonization. Additionally, Montenegro should par-
take in international discussions about how to provide a verifiable system for Guarantees of 
Origin of green hydrogen. 

• The educational system in Montenegro should provide all the knowledge that the workforce 
needs to be capable of completely managing the use of green hydrogen. It requires technical 
skills for the design, installation, operation, and maintenance of green hydrogen systems 
and technologies. Furthermore, the workforce must possess abilities such as quality con-
trol, safety procedures, environmental issues, and socio-economic knowledge. Rapid tech-
nology transfer from the scientific community to industry is critical to the adoption of ad-
vanced hydrogen technologies. 

• The safety of hydrogen energy in Montenegro relies on good regulatory frameworks, ad-
vanced safety technologies, and consistent equipment use. Stakeholders, including gov-
ernment agencies, producers, vendors, and end users, should collaborate to identify safety 
concerns and develop regulations. As green hydrogen becomes more significant, enforcea-
ble standards are being established to harmonize requirements and enhance international 
trade. Strong codes and standards are crucial for successful hydrogen product introduc-
tion. Additionally, ongoing research and development play an important role in supporting 
the proposed standards and codes. 

• Montenegro should participate in international green hydrogen projects and cooperate with 
partner organizations worldwide that promote hydrogen usage. In the long run, the Monte-
negrin government should consider entering the regional green hydrogen market and inves-
tigate potential exports of the substance abroad. To achieve this, there must be relevant 
infrastructure put in place, for example, storage facilities, compressor systems, and sys-
tems designed to facilitate its transport. The way larger quantities can be also shipped is 
through rail transport using suitable wagons. In addition, to build such infrastructure, other 
measures like establishing strong safety procedures and training necessary personnel are 
of utmost importance. An excellent model of how to perform is offered by countries such as 
Australia, Chile, South Korea, Canada, and Germany. By strengthening and promoting pub-
lic awareness of the importance of green hydrogen, public resistance to the acceptance of 
new technologies in the economic system of Montenegro can be significantly  reduced. 
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• Through taking part in these initiatives, Montenegro can boost its image internationally while 
at the same time working towards meeting goals set by the NECP as well as those of the 
Green Agenda for Western Balkans together with the United Nations Sustainable Develop-
ment Objectives. 


