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Glossary of abbreviations 

 
AE Alkaline Electrolyser LNG Liquid Natural Gas 

AFV Alternative Fuel Vehicle m3 Cubic meters 

AUD Australian Dollar M  Million 

CAGR Compound Annual Growth Rate MBtu Million British Thermal Units (unit 
of gas 

CAPEX Capital Expenditures Mpa Megapascal (unit of pressure) 

CORFO / 
Corfo 

Chilean Government Economic 
Development Agency (Corporación de 
Fomento de la Producción de Chile) 

MW / MWh Megawatt / Megawatt hour 

CCS Carbon Capture and Storage (of CO2) NFPA National Fire Protection Agency 

CNG Compressed Natural Gas NG Natural Gas 

CSP Concentrated Solar Power Nm3 Normal cubic meter of gas 

DC Direct Current (electricity) P2G / PtG Power-to-Gas 

EV Electric Vehicle PEM Polymer-Electrolyte Membrane or 
Proton-Exchange Membrane 

FCV Fuel Cell Vehicle PPAs Power Purchase Agreements 

GHG Greenhouse Gas PPPs Public Private Partnerships 

GW / GWh Gigawatt / Gigawatt hour PtL Power to Liquid 

H2 Hydrogen RAPS Remote Area Power System 

HRS Hydrogen Refueling Station SAE Society of Automotive Engineers 

ISO International Standardization 
Organization 

SEN National Energy System, Chile 
(Sistema Eléctrico Nacional) 

kt Kilotons SMR Steam methane reforming 

kW / kWh Kilowatt / Kilowatt hour t / ton metric tons 

l  Liters USD / US$ United States Dollars 

LCOH Levelized Cost of Hydrogen wt Mass fraction 
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I. EXECUTIVE SUMMARY 

Due to its renewable energy potential, in particular solar and wind resources, and the favorable electricity 
generation prices associated with these resources, the production of green hydrogen1 (H2) presents a 
promising market opportunity for Chile. One of the main objectives of the study described in this report, 
was to approximate of the size of this opportunity. 

According to the analysis carried out, the current national demand for hydrogen of almost 59,000 tons / 
year, mostly from the refinery sector, could increase by as much as six times by 2030, reaching a market 
size of 326,000 tons / year. This could be achieved without major changes in the country's infrastructure. 
This projection considers that the hydrogen produced is used in industries that can incorporate it into their 
processes at competitive costs, such as refineries, producers of hydrogen derivatives that are currently 
imported (such as ammonia), freight and passenger transport (intercity), and other uses. 

Assuming a conservative projection of costs of USD 2.3 / kg green H2, the economic value associated with 
this future domestic green hydrogen market would amount to almost 750 million USD by 2030. 

Considering the growing demand for fertilizers in Latin America and the demand for hydrogen imports that 
has been identified by several countries, in particular Japan, there is the potential to export up to 3,850,000 
tons / year of green H2, with an associated annual market value of 8.85 billion USD per year in 2030. 

 

           
 

 

 

 

 
 

One of the key factors for stimulating and scaling-up this market is the cost of producing green hydrogen, 
which depends above all, on the costs of technology development, as well as the price of electricity 
required for its production. Technology costs will fall as more suppliers of technology and electrolysing 
equipment enter the market and this reaches a larger scale. Based on this, production prices equal to or 
less than USD 2.3 / kg green H2 are estimated, in the case of offgrid plants2. Recent price projections of the 
International Energy Agency (2019) predict that the production price of green H2 in Chile could fall to 2.1 
USD / kg H2, with dual production plants (for example, wind-solar plants in Taltal). These current prices 
already make green hydrogen competitive when compared to the production of hydrogen through 
conventional processes, such as from natural gas (reforming), and in industrial and transportation 
applications where diesel is used. 

The main R&D challenges identified are: to lower this price to less than 1.2 USD / kg H2 so that hydrogen 
can be competitive with natural gas for industrial use; to accelerate dual diesel-hydrogen engine solutions 
for mining trucks and solutions with fuel cells for transportation in underground mining; and to make 
advances in the assessment of renewable resources and solutions in the south of the country. 

                                                           
1
 The term “green” H2 refers in this study to hydrogen produced with 100% renewable electricity. 

2 Estimates based on current sources: FCH-JU (2017), CSIRO, AGORA y TRACTEBEL (2018). 

           2019        2030 National     2030 International 

X6 X12 
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Taking advantage of this opportunity requires a vision for national development and collaboration between 
all interested national stakeholders around ways to address market gaps and accelerate development, as 
well as sufficient capacity in the public and private sectors to advance in a coordinated way. 

It is for these reasons that this proposal for a National Green Hydrogen Strategy was developed through a 
face-to-face participatory process carried out with key stakeholders identified at different stages of the 
hydrogen value chain in Chile. This process was undertaken in four regions of the country, leading to the 
following proposed national vision: 

“To be recognized global leaders in the production, use and export of green hydrogen and its 
derivatives, through technological development, enabling a competitive market and harnessing the 
recognized renewable energy potential of the country, in order to contribute to the realization of a 
sustainable society.” 

During this participatory process, several ideas and initiatives necessary for the realization of this vision 
emerged and were prioritized and grouped for the short (2019-2021), medium (2022-2035) and long (2036-
2050) term. This was based on a consideration of the main drivers (favorable factors and reasons to act), 
the existing gaps along the hydrogen value chain (production, storage, transportation, end use), and the 
resources required for their realization, for example human capital, regulations and financing. 

In total, 264 ideas were put forward during the regional workshops, defining drivers to act and possible 
solutions. In summary: 

o The main drivers identified focus on the following themes: harnessing the potential of existing 
renewable energy; the positioning of Chile in the international green hydrogen market; taking 
climate change action (reducing greenhouse gas emissions); achieving energy independence; the 
diversification of the economy through green industries; and accessing an international market for 
green products with traceability. 

o In terms of solutions, and with consideration of governance and the institutional framework, the 
creation of a collaborative ecosystem was proposed (for example, through Public-Private 
Agreements); dissemination and social awareness about green hydrogen; and the existence of a 
state / national policy regarding the development of the green hydrogen market. With regards 
specific solutions, the development of R&D pilots and industrial scale demonstration projects was 
proposed, supported by the extension / definition of the regulatory framework along the hydrogen 
value chain. 

o The required resources identified included development programs and training of human capital; 
structuring of financing mechanisms to carry out projects; revision of CO2 taxes and tax incentives; 
and the attraction of foreign investment. 

Finally, to structure the proposal for the Green H2 Market Development Strategy in Chile, the following four 
areas of strategic focus were defined, based on the results of the market opportunity diagnosis and the 
participatory process carried out: 

INSTITUTIONAL STRUCTURE, GOVERNANCE AND DISSEMINATION: Coordination of new projects and 
knowledge sharing to stimulate market development. 

DEMOSTRATION PROJECTS and R&D / REGULATORY FRAMEWORK: Realisation of industrial scale 
demonstration projects and technology research, accompanied by the development of an appropriate 
regulatory framework. 



 

 
 
 
 
 
 

11 
 

HUMAN CAPITAL: Up-skilling of technicians and professionals for the green H2 market 

FINANCING: Generation of enabling conditions for market development through various sources of 
financing and incentive mechanisms. 

The main solutions for each strategic focus are shown in the following graphics, indicating the estimated 
timeframes for their realisation: 

 
 

The main enabling resources for the realisation of the measures included for each strategic focus are 

defined as follows: 
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A monitoring and evaluation plan with indicators, as well as a plan for the dissemination of the Strategy, 
are included in this report. 

This document serves as an input for the definition of the National Strategy for the Development of the 
Green Hydrogen Market in Chile that the Solar and Energy Innovation Committee (the client for this work) 
will deliver to the Ministry of Energy. The participation of more than 100 people from private companies, 
public bodies and research and development entities, provides evidence of the level of interest, national 
capacity and willingness to take advantage of this opportunity for the country. The urgency of the challenge 
of mitigating the impacts of climate change and the opportunity of the renewable energy resources 
available in Chile, call for quick action that encourages innovative forms of collaboration and synergies for 
the development of national and international public-private initiatives. 
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II. INTRODUCTION  

The National Strategic Program for the development of the solar industry (“Programa Estratégico Nacional 
para el desarrollo de la industria solar”) of Corfo enlisted consulting services to deliver the objective of 
“Creating a Strategy for the development of a Green Hydrogen market in Chile through Public-Private 
Partnerships”. This document presents the final report of the work prepared by the Technological 
Development Corporation (CDT) and the In-Data consultancy team in alliance with the international 
consulting firm, BüroF, according to the general and specific objectives defined for the project. 

1. Work plan 

The following diagram summarizes the delivery stages, the methodology implemented and the products 
(deliverables) of the project: 
 

 

2. Summary of activities realized 

2.1 General coordination 

Throughout the project ongoing communication with the project counterpart was realized. In addition, a 
series of periodic meetings were held with the Technical Committee of the project, who provided strategic 
guidance on progress: 
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Session Date 

Project kick-off Monday April 1, 2019 

1st session Thursday April 11, 2019 

2nd session Wednesday April 24, 2019 

3rd session Wednesday May 15, 2019 

4th session Wednesday May 29, 2019 

5th session Wednesday June 12, 2019 

6th session Thursday July 4, 2019 
 

2.2 Stage 1: Diagnosis 

As a starting point for the study, a diagnosis was developed focusing on an in-depth literature review of 
different national and international sources of evidence. This was done based on sources identified by the 
consulting team, complemented by suggestions from the Technical Committee and the stakeholders 
interviewed. 

Alongside this, interviews were conducted with experts from countries that advanced policies on hydrogen 
issues in the context of regulatory aspects, as well as with experts in Chile to consider the potential 
challenges for the electricity market. 

These interviews included: 

International: 
- California Hydrogen Business Council, contact person: Cory Shumaker, Development Specialist 
- Australian Renewable Energy Agency (ARENA), contact person: Charlotte Rouse, Strategy Officer 
- German Energy Agency (DENA), contact person: Toni Reinholz, Power to Gas Specialist 
- German institute for applied research, Fraunhofer ISE, contact person: Philipp Kluschke, expert in the 

use of hydrogen in the mobility sector 

Nacional:  
- Eduardo Bitrán, Academic at Universidad Adolfo Ibañez (Chile) and director of Club de Innovación 
- Juan Rada and José Ignacio Galindo, Alset Global 
- Pedro Adell, Gasconsult Ltd 
- Marco Vaccarezza, Business Development Director at Fraunhofer Chile 
- Enrique Sandoval, Procurement Manager at Metrogas 
- Cristóbal Muñoz, energy storage expert, IE-Storage 

 

In addition to the diagnosis, and to support the identification of potential Public-Private Partnerships, 
meetings were held with representatives of the following companies: 

 Enaex 

 Codelco 

 ENAP 

 Antofagasta Minerals (AMSA) 

 Indura/Air Products 

 Air Liquide 

 GASCO 

 CAP Siderurgia 

 Engie 

 Enel Green Power 

 Thenergy 

 AES Gener 
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2.3 Stage 2: Consensus of the shared vision and participatory process for the creation of a 
strategy proposal 

This stage centered on the delivery of nine participatory workshops: 

 Four workshops for the consensus of the shared vision for green hydrogen in Chile (one workshop 
per Region, covering four Regions spread through the country); 

 Four workshops for the participatory design of the strategy proposal and the identification of 
potential Public-Private Partnerships (one workshop per Region, covering four Regions spread 
through the country); 

 One closing seminar with a presentation of the results of the work (held in Santiago and broadcast 
nationally). 

 
a) Delivery of the Shared Vision workshops: 

- Concepción: May 30, 2019 
- Punta Arenas:  June 4, 2019 
- Antofagasta: June 6, 2019  
- Santiago: June 7, 2019  

 

b) Delivery of the Strategy Development workshops: 
- Concepción: June 6, 2019 
- Antofagasta: June 20, 2019 
- Santiago: June 21, 2019 
- Punta Arenas: June 25, 2019  

 

The activities realized as part of this process included: 
 

c) Workshop design and preparation: 

- Definition of participant lists through stakeholder mapping 

- Determination of location, production and logistics 

- Invitation and publicity (through email and follow-up phone calls) 

- Development of material during the two rounds of workshops (executive summary, agenda, 

summary of methodologies to be used, presentations), as well as information sent prior to the 

workshops to those that had confirmed attendance. 

 

d) Processing of information 
- Analysis and synthesis of information collected 
- Presentation of analysis to Technical Committee for feedback 

 
e) Results presentation seminar 

- A presentation of the strategy was prepared for be presented to the counterpart and 

consulting team. 
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III. CHAPTER I: DIAGNOSIS AND SIZING OF THE OPPORTUNITY AND GAPS  

1. Introduction: why green hydrogen? 

The Chilean energy sector contributes around 77% of total national emissions (Ministry of Energy 2017, 
p.8). Decarbonization of this sector is therefore a key part of national efforts to mitigate greenhouse gases 
(GHGs). At present, the most successful energy transition towards a supply based on renewable sources 
that are low in GHGs is that of the electricity sector. The fall in the levelized cost of electricity in the last few 
years, more than anything from solar and wind plants, has led to a contribution of non-conventional 
renewable energy to the Chilean electricity grid of around 20% (CNE 2019, p. 6). However, in the heat and 
transport sectors, alternative technologies for a sustainable and low-emission supply have so far not 
achieved the same level of success. 

A promising approach for facing this problem in the heat and transport sectors, is to take advantage of the 
success and low cost of these non-conventional renewable energy sources of electricity generation. In this 
area, the conversion of electricity and water to hydrogen gas (H2) through the process of electrolysis, can 
fill a gap in the current energy transition. And in many countries that lead the renewable energy field, 
discussions on green or renewable fuels, and the coupling of energy sectors, are beginning to take off. 

Given Chile’s incomparable potential to generate low-cost electricity free from emissions – 1,865 GW (GIZ 
2014, p. 132) - the country has comparative advantages to lead this process towards an economy based 
100% on renewable energies. Moreover, the drop in the cost of solar and wind generation in the last 10 
years enables allows this potential to be taken advantage of and could put Chile at the forefront of the 
global energy transition. 
 

Figure 1 - Renewable energy potential in Chile, without overlapping of technologies 

 
Source: GIZ 2014, p. 132. [figure shows renewable energy potential by region, including hydroelectric (blue); solar PV 
(yellow); concentrated solar thermal (red); wind (green)] 
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This study focuses on the production of hydrogen through water electrolysis processes using electricity, 
from 100% renewable energy sources, which we will call “green hydrogen”.  

 

This is despite that fact that the definition of green hydrogen developed by the CertifHy certification 
scheme funded by the European Union is as follows: 

“Green hydrogen refers to hydrogen generated by renewable energy with carbon emissions 60% 
below the threshold of reference emission intensity (= GHG emissions of hydrogen produced by 
natural gas steam reforming, representing 95% of the current commercial market). Low carbon 
hydrogen is hydrogen created by non-renewable energy with emissions below the same threshold.” 
(CertifHy, 2019). 

 
Figure 2 – Concepts for the classification of hydrogen according to production source 

 
Source: CertifHy (2019). 

 

An important driving factor for the development of a green hydrogen market is the high potential for 
generating positive internal effects, such as energy and economic security, improving the environment, 
taking advantage of renewable sources of energy and labor force development. In addition, there is a high 
probability of strengthening the role of Chile in the energy market of the future - as an exporter of green 
hydrogen. 

The diagnosis presented in this report, aims to summarize the current state of the introduction of green 
hydrogen to energy markets and industrial production. First, a summary is given of green hydrogen 
technologies and their associated costs (Section 2 “Green Hydrogen Technologies”). Following this, the 
policies of some countries that are leading in the development of the hydrogen market are analyzed 
(Section 3 “International strategies and policies for hydrogen development”), with a deeper analysis of the 
regulatory aspects for three countries. Based on the analysis undertaken and the information gathered in 
these steps, the opportunity of the different markets for green hydrogen at a national and international 
level is sized-up (Section 4 “Sizing of national and international market opportunities”). Section 5 (“Analysis 
of the challenges for the electricity market”) includes an analysis of the challenges for the electricity market 
in the context of the introduction of green hydrogen. As preparation and input for the activities of Stage 2 
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of the project, a stakeholder map was developed, as well as a list of the gaps throughout the hydrogen 
value chain, including a specific summary of the relevant existing and required regulation (Section 6 
“Identification of gaps”). 

2. Green hydrogen technologies 

This section summarizes hydrogen production, storage and transport technologies, along with their costs 
and projected development. Based on studies published during the last two years, an attempt is made to 
indicate the current costs of each step in the value chain of hydrogen. It should be noted that the 
production technologies of green hydrogen are at the stage of being introduced to the market. 
Subsequently, no standardized cost information exists, for example price indices or recognized 
methodologies and inputs for the calculation of the generation costs of hydrogen (LCOH, Levelized Cost of 
Hydrogen). 

Given that the majority of the electrolysers currently installed around the world are private projects, with a 
low level of standardization, the data collected in the framework of this study allow for a simplified 
indication of the costs of hydrogen production. The wide variety of data in the different considered studies 
indicate that there are still no industry standards. For this reason, this study tries to simplify these various 
estimates of the development of the cost of green hydrogen production, calculating the average value of 
the LCOH of the respective intermediate scenarios of the different studies. The average of the calculations 
of different studies allows the combination and compensation of the strengths and weaknesses of each 
source, giving a simplified approximation of the costs in order to encourage a discourse about green 
hydrogen in Chile and the associated decision making. As the components of the green hydrogen value 
chain are investment goods of technological production, and the indications of prices are still rough, it can 
be assumed that the international prices indicated in this study apply to Chile as well. It is worth noting 
recent examples, such as the change in the costs of photovoltaic generation or the fall in the cost of lithium 
batteries, highlight the possibility of a more dynamic course than might have been previously anticipated. A 
take-off in green hydrogen technologies should lead to a reduction in costs at each step of the value chain. 

This section briefly introduces the characteristics of hydrogen gas in comparison to other energy carriers 
(2.1). Following this, the costs of the two main inputs to the hydrogen production process are analyzed - 
water (2.2) and electricity (2.3). The next sub-chapter introduces the process of electrolysis - central to the 
production of green hydrogen (2.4). Following this process, this same hydrogen can be compressed and 
stored (2.5), reconverted to electricity using fuel cells (2.6), or its use can be connected to other processes 
(2.7). This might be the production of ammonia through the Haber-Bosch process, the methanation of 
hydrogen with the Sabater process, or a Fischer-Tropsch synthesis to produce synthetic liquid fuels. All 
these processes involve additional energy costs and losses, which can be offset by lower transportation 
costs. 

The following figure shows the hydrogen value chain, indicating the stages of production, storage and 
distribution, but also the different forms of gas conversion. The versatility of the molecule is highlighted by 
the number of different linked processes, including electrification with fuel cells, the burning of gas for 
combustion processes and the conversion to ammonia, methane and synthetic fuels. 
 

Figure 3 - Overview of the hydrogen value chain 



 

 
 
 
 
 
 

19 
 

 
Source: Produced by this project. 

 

The current efficiency of electrolysis is relatively low, around 67% on average based on the studies 
considered. However, based on the different analyses reviewed, an increase to 76% can be expected by 
2030. Hydrogen processing steps such as compression, liquefaction or the production of methane or other 
derivatives have efficiencies between 80-90%, leading to a total efficiency of the production process and 
processing of 54-60% (at present) and 61-68% (2030). 
 

Figure 4 - Cumulative efficiencies in the hydrogen value chain 

 
Source: Produced by this project 

2.1 Hydrogen gas and its characteristics 

Hydrogen is a colorless, odorless gas that can be inhaled without being harmful to health. On earth, 
hydrogen is found only in molecular forms, in water, in hydrocarbons or in minerals. It is a discrete 
substance that can only be detected by specific sensors or typical reactions. In comparison to other energy 
carriers, the key characteristic of hydrogen is its low volumetric calorific value (0.003 kWh/l) and the very 
high gravimetric calorific value (33.33 kWh/kg), applying the lower calorific value (LHV). In summary: 
hydrogen is very light and needs a lot of space to be stored or transported. The following figures compare 
the energy density of hydrogen and natural gas (NG), revealing that hydrogen is the lighter element 
(Lehmann et al, 2014, p. 74). 
 

Figure 5 - Comparison of gravimetric energy densities (kWh/kg), lower calorific value 
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Sources: Lehmann 2014, p. 75; Fraunhofer ISI, 2015, p. 11 

 

Figure 6 - Comparison of volumetric energy densities (kWh/l), lower calorific value 

 
Sources: Lehmann 2014, p. 75; Fraunhofer ISI, 2015 p. 11. 

 

In addition, it should be noted that hydrogen is a very volatile gas, due to the high diffusivity of its 
molecules, as well as its atoms and ions. Compounds with 4-75% hydrogen in the air are flammable, and 
small sparks can ignite the compound or cause an explosion. This challenge and its available solutions are 
discussed in the report by GIZ Chile (2018, p. 54-59). 

2.2 Water as an input 

The electrolysis of water requires only a small amount of water, the reference value is 8.9 L / kg H2 (0.266 L 
/ kWh H2) (Lehmann 2014, p.87), much less than the steam circuit of a concentrated solar power plant that 
requires 2-8L per kWh. This means that an electrolyser of 40 MW with a plant factor of 30% would require 
18,640 m³ of water per year to produce 70.1 GWh of hydrogen, and 52,812 m³ with a plant factor of 85% to 
produce 198.5 GWh of H2. Assuming a cost of 1.4 USD/m³ of water in the Region II (GIZ 2018, p. 83), the 
additional cost of the electrolysis process would be 0.001 USD/kWh H2. If the scarcity of water doesn’t 
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permit using terrestrial sources of water, desalination of seawater through inverse osmosis may be another 
option; one that is considered for this study. This process adds costs in the range of 0.05 USD/kg (0.002 
USD/kWh) to the electrolysis of water, including the cost of investment and energy for desalination. 
Regardless, the costs of water are not considered as an important factor for the process of green hydrogen 
production (Agora 2018, p. 84; Corfo/Tractebel 2018, p. 171f). 
 

Table 1 - Water consumption and costs of desalination 

 Units Value Source 

Water consumption for electrolysis l/kg 

(l/kWh) 

8.87 

(0.266) 
Lehmann, p. 87 

Energy consumption for desalination  kWh/l 0.003 Lenntech 

Energy consumption for desalinated water 
per H2 produced 

kWh/kg H2 

(kWh/kWh H2) 

0.03 

(0.001) 

Calculated 

Cost of the process of water desalination 
(with energy) 

USD/kg H2 

(USD/kWh H2) 

0.05 

(0.002) 

based on Corfo/Tractebel, 
p. 172 

2.3 Electricity as an input 

A large part of the costs of the electrolysis of water come from the cost of the electrical energy for the 
process. It is estimated that some 40-80% of the costs of operating an electrolyser are the costs of 
electricity. For this study, two scenarios of the supply of electrical energy for electrolysis are provided to 
guarantee the production of green hydrogen. The first "off-grid" scenario assumes that the electrolyser is 
not connected to the power grid, being supplied by an on-site photovoltaic plant, reaching a plant factor of 
30%. In this case there are no connection costs to the electricity grid, such as the trunk toll or the power 
charge, only the development costs of the photovoltaic power plant are incurred. For such a photovoltaic 
plant, a levelized energy cost (LCOE) of 29.6 USD / MWh in 2020 and 20.8 USD / MWh in 2030 is estimated 
(Source: internal data of the Ministry of Energy, 2019). The following table summarizes the inputs and 
assumptions of this scenario. 
 

Table 2 - Electricity cost assumptions, “off-grid” scenario 

 
Source: Produced by this project. 

 

In this scenario, the production of “green” hydrogen is practically guaranteed, since, being a project 
disconnected from the electricity grid and exclusively powered by a photovoltaic plant, the electricity 
supply is 100% renewable. However, the main challenge for a solution of this type are, as set forth in the 
table above, is the low plant factor that the electrolyser would have as a result of an electrical supply that is 
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available only during the hours in which the photovoltaic plant operates. This could have a direct impact on 
the profitability of the power-to-gas project (PtG), since there would be an underutilization of the 
electrolyser, which is the most intensive capital component of the project. 

The second scenario points to an 85% increase in the electrolyser plant factor, as a result of electricity 
supply to the electrolyser constructed through a supply mix: 35% from an in-situ PV plant (equivalent to a 
plant factor of 30% as in the "off-grid" scenario) and 65% from the electricity grid, linked to supply 
contracts. This scenario optimizes the power supply to the electrolyser by taking advantage of the self-
consumption of the energy coming from the photovoltaic plant, which is low cost. For the rest of the 
energy, the base is the average of the free value of contracts of 2018 of 89.1 USD / MWh, and the reference 
for 2024 is the average price offered for block 1-A (23:00-8:00h) of 48.2 USD / MWh according to the 
tender awarded in 2017 (Acera 2017, p.4, CNE 2017). The values for 2025 and 2030 were calculated 
applying a CAGR of -1.5% to the PV generation cost between 2024-2030. The energy costs of the network 
include a 5% levy and a power value of 8.2 USD / kW per month. It is assumed that the contract for the 
electrical supply of an “on-grid” system will be renewable. 
 

 

Table 3 - Electricity cost assumptions, “on-grid” scenario 

 
Source: Produced by this project, based on www.energiaabierta.cl and internal data provided by the Ministry of 
Energy, Chile. 

 

Comparison of scenarios 

The following graph shows the energy costs to produce hydrogen according to the two scenarios 
considered. The trend in the costs of the "off-grid" case is driven by a fall in the LCOE of photovoltaic plants, 
and the increasing efficiency of electrolysers. In the "on-grid" scenario future changes in the prices of free 
contracts, added to the effect described above, influence the fall in energy costs to produce hydrogen. 

http://www.energiaabierta.cl/
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Figure 7 - Comparison of the energy cost scenarios for green hydrogen production (LHV) 

 
Source: Produced by this project. 

 

In the "on-grid" case, in order to classify the hydrogen produced as "green hydrogen", the electricity supply 
should be assured by free contracts that are fulfilled by renewable generation, to ensure that the emissions 
are 60% below the emission intensity threshold of the steam reformed process: 0.84 kg CO2 / kg H2 (0.025 
kg CO2 / kWh H2) (CertifHy, 2019). Such "renewable" supply contracts are currently being offered by 
generating companies that have a large generation portfolio, which includes hydroelectric plants. Based on 
internal information of the consultants of this study, it is known that the "renewable attribute" of the free 
contracts is being offered by the generating companies at a cost of USD 0.5 / MWh for the client, above the 
negotiated contract price. So, if this were the contract, the production of "green hydrogen" would be 
guaranteed. 

On the other hand, for the "on-grid" case, if a contract supplied entirely by renewable energy could not be 
negotiated, it would have to be assumed that the electricity of the network that will supply the electrolyser 
will correspond to a mix of the current generation of the system. Considering that in 2018, 1.5 kWh 
electricity is required to produce 1 kWh of hydrogen with an electrolyser efficiency of 65%, and the SEN has 
an emission factor of 0.4187 kg CO2 / kWh (CNE, 2019), at most between 1-2% of the electricity supply can 
come from the SEN grid mix for hydrogen to be considered “low carbon”. Under current conditions, it 
would therefore be necessary to consider a greater use of solar energy to be self-consumed by the 
electrolyser. This is the main challenge identified in this scenario. 

2.4 Water electrolysis 

Electrolysis is the separation of a chemical compound through use of a continuous (DC) current. It is used in 
the chemical industry in the synthesis of a wide range of substances. An electrolysis cell consists of two 
electrodes (a cathode with negative charge and an anode with positive charge), a separator, and an 
electrolyte. In the case of the electrolysis of water, the water breaks down into its components: hydrogen 
and oxygen. It should be noted that, whilst water is not the main source of hydrogen production, for the 
moment it is positioned as the only alternative to produce “green” or renewable hydrogen at scale. It is a 
mature technology, being the most well-known and cleanest method for obtaining hydrogen from water 
using renewable energy sources. As an example of this, major electrolysis plants have been built close to 
hydroelectric plants to generate profits during periods of low grid electricity prices, with examples in Aswan 
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(1960, Egypt), Ryukan (1965, Norway), Cuzco (1958, Peru), Nangal (1958, India), Trail (1939, Canada) and 
Alabama (1971, USA). In 2015, the global installed capacity of this technology was around 8 GW. It can be 
estimated that some 50 companies worldwide manufacture electrolysers, indicating a low degree of 
market concentration with few standardized or automated processes. 

 
Figure 8 - Main international suppliers of electrolysers 

 
Source: M. Carmo, Jülich, cited in Corfo/Tractebel (2018), p. 139. 

 

The above map shows the main suppliers of electrolysers, including Hitachi and Toshiba (Japan), 
Hydrogenics (Canada), H-Tech Systems / MAN, Siemens and ThyssenKrupp (Germany), NEL Hydrogen 
(Norway) and Tianjin Mainland Hydrogen Equipment Co. (THE), Beijing CEI Technology Co. (China). Details 
about the main suppliers of hydrogen production technologies (electrolysers) are specified in subchapter 
2.10. 
 

There are two main types of electrolysis of water: at a low temperature and electrolysis of steam at high 
temperature. Of the low temperature processes, the most common is alkaline electrolysis (AE). The liquid 
electrolyte is a mix of electrically conductive potassium hydroxide (20-40%) and water. In the case of 
alkaline electrolysis, water is generally introduced on the side of the cathode, in which the hydrogen and 
OH ions are formed. The latter pass through the microporous or anion-conducting membrane and are 
converted to oxygen and water on the anode side. Alkaline electrolysis is a proven and mature technology 
that has been used for about 100 years. 

The second process that is becoming commercially important is proton exchange membrane electrolysis 
(PEM), in which the conductive means of electricity is a proton-conducting membrane between the anode 
and the cathode. This process is also known as 'dry electrolysis'. In the case of PEM electrolysis, water is 
generally fed into the anode side of the electrolysis cell and it decomposed into its constituents. For each 
water molecule, a half molecule of oxygen is formed, that is eliminated by the anode side. In addition, two 
protons are formed, which are transported to the side of the cathode through a proton-conducting 
membrane and are reduced to one molecule of hydrogen by the absorption of two electrons. In current 
commercial systems, 6mg / cm² of iridium or ruthenium is applied, along with about 2 mg / cm² of platinum 
at the cathode. The electrodes are often applied directly to the membrane. There has been a strong 
downward trend in the costs associated with PEM electrolysis, meaning that the difference in costs 
between the AE and PEM processes continue to decrease (Agora, 2018, p 62). 
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Table 4 - Advantages and disadvantages of AE and PEM electrolysers 

 Advantages Disadvantages 

AE ▪ Established technology 

▪ Doesn’t require precious metals 

▪ High long-term stability 

▪ Lowest costs at present 

▪ Longevity 

▪ Lowest current densities 

▪ Low partial load range (>20% a 
continuous power input is required) 

▪ Size and complexity of the system 

PEM ▪ High current density 

▪ Easy system design 

▪ Good partial load capacity 

▪ Dynamic learning curve 

▪ Investment costs are still high, due to 
high cost components 

Source: Produced by this project. 

 

Based on the technical advantages of PEM electrolysis, as described in the above table, and the dynamics of 
the development of this technology, it can be expected that by around 2020 it will be more economical 
than AE electrolysis (CSIRO 2018 p. 79f). The literature indicates that a technological shift towards PEM 
electrolysis is expected (Schmidt 2017, p. 30482, Agora 2018, p. 62, DNV-GL 2019, p. 49). 

A third method of electrolysis, still in the process of research and development, is high temperature steam 
electrolysis. This process requires access to a source of high temperature, since the temperature level of 
the process is around 800-900°C. However, the consumption of electrical power is lower than in the other 
processes described. The solid electrolyte is an oxygen conducting ceramic. Research is underway to 
improve the engineering of the process and materials. In this study, the focus is on the technologies that 
are already in the market, and subsequently the focus in the following section will be on the AE and PEM 
processes. 

For this study, the most economical low-temperature technology is used to represent the cost of 
electrolysis, assuming, for example, that this is AE until the beginning of the year 2020 and PEM as of 2025. 
According to the average of the studies considered (CSIRO 2018; FCH-JU 2017; Agora, 2018), average 
capital expenditure (CAPEX) on electrolysers will fall from around USD 1,000 / kW in the year 2017/2018 to 
around USD 500 / kW in 2030. It should be noted that variation in the initial investment costs (without 
replacement of components) between the studies is relatively low, currently between 938-1,200 USD / kW, 
depending mainly on the size of the electrolyser. The next chart shows the expected reduction in 
investment costs in electrolysers: 
  

Figure 9 - Range of investment costs of electrolysers (USD/kW) 
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Source: Produced by this project, based on the studies indicated. 

 

In order to develop a rough estimate of the costs of the electrolysis process, the estimates of the levelized 
cost of hydrogen production (LCOH) from different internationally recognized studies were considered 
(CSIRO 2018, FCH-JU, 2017; Agora 2018), along with local references (GIZ 2018, Corfo / Tractebel 2018). 
 
Table 5 - Comparison of assumptions made by the studies considered 

 
GIZ 2018 CSIRO 2018 FCH-JU 2017 Agora 2018 Tractebel 

2018 

Electrolyser capacity 1,25 MW 2018: 44 MW 
2025: 100 MW 

5 MW 100 MW 60 MW 

Useful life 
expectancy 

10 years 40 years 20 years 25 years n/a 

Capacity factor 90% 2018: 85% 
2025: 95% 

2017: 45,7% 
2025: 51,4% 

27% 83% 

Operating costs 
(OPEX) 

5% 2% 5,5% 3% 1% (fixed) 

Efficiency of process 
(kWh/kg H2) 

65% 2018: 57% (AE) 
2025: 75% 

(PEM) 

2017: 65% 
2025: 68% 

2017: 65% 
2025: 69% 

n/a 

Financing costs 10% 2018: 7% 
2025: 5% 

5% 6% 7,5% (real) 

CAPEX 1.200 
USD/kW 

2018: 1.008 
USD/kW 

2025: 724 
USD/kW 

2017: 938 
USD/kW 

2025: 678 
USD/kW 

2018: 904 
USD/kW 

2030: 499 
USD/kW 

2017: 497 
USD/kW 

2023: 396 
USD/kW 

 

As a first approximation of the cost of green hydrogen production (LCOH) in Chile, the levelized cost of the 
process was considered according to the different studies identified, adapting the respective plant factor 
according to the "off-grid" (30%) or "on-grid" scenario (85%). This means that the different inputs and 
assumptions of the investment cost, the operation, the capital, the useful life of the system, the efficiency 
of the process, as indicated in the table above, influence the result. Since there is not yet an industrial 
standard, this approach allows the development of possible ranges between the different studies. 

The range in estimates of production costs, adjusted to a plant factor of 30%, is currently higher than in the 
estimate of the costs of the initial investment, this being between 1.70 - 3.00 USD / kg currently and 1.00 - 
1.60 USD / kg in the year 2030. This is due to the different assumptions of the relevant studies and 
indicates a low level of standardization in this initial stage of the industry. 
 

Figure 10 - Range in the cost of the electrolysis process, levelized to a plant factor of 30% (USD/kW) 
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Source: Produced by this project. 

Based on the average cost of the hydrogen production process, including the assumed price of electricity 
and the cost of desalinated water, the following graph gives an indication of how the costs of producing 
hydrogen by electrolysis of water are expected to develop up to 2030. It should be noted that this 
projection is a simplification based on the inputs previously described, which allows an estimation of the 
potential development of the price of green hydrogen and the key role of the price of electricity in lowering 
production costs. Adding the costs of desalinated water and electricity according to the two different 
scenarios to the cost of the electrolysis process, according to the estimates described in the previous 
section, the current costs can be estimated as 3.9 USD/kg of hydrogen in the off-grid scenario, which could 
fall to around 2.3 USD/g by 2030. 

According to the assumptions made in developing this estimate of the production costs of green hydrogen, 
the "off-grid" scenario is still cheaper than the "on-grid" scenario in the medium term. The most important 
driver is the price of free contracts based on renewable energy. If these prices fall more than predicted, it is 
expected that on-grid solutions will become more feasible by 2030. This is also because they offer other 
advantages, for example in the event of failure of the dedicated photovoltaic plant. To put the H2 
production cost values in context, IRENA estimates current costs of 5-6 USD / kg green H2 as the 
international average (IRENA 2018), and Japan's target is a price for imported green H2 of approximately 
USD 3.2 / kg (¥ 30 / Nm³) including CIF (cost, insurance and freight) in the year 2030.3 
 

Figure 11 - Production costs of hydrogen through electrolysis (with inputs, USD/kg of hydrogen) 

                                                           
3
 The Strategic Road Map for Hydrogen and Fuel Cells p.3. Online:  

https://www.meti.go.jp/press/2018/03/20190312001/20190312001-3.pdf 

https://www.meti.go.jp/press/2018/03/20190312001/20190312001-3.pdf
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Source: Produced by this project, based on the studies described in this section. 

A recent study published by the IEA4 based on simulations of a hybrid PV-wind plant located in Taltal, 
calculated a cost of green H2 production (LCOH) of 2.1 USD / kg, achievable under the following optimal 
conditions, calculated based on analysis performed: 
 

Table 6 - Optimal conditions assumed by the IEA (2019) for hybrid wind-photovoltaic plants (Taltal, Calama) 

and wind plants in Chilean and Argentinian Patagonia 

 
Source: IEA (2019). 

2.5 Compression and storage of H2 

Hydrogen can be stored, transported and distributed in a gaseous or liquid state, such as natural gas. It is 
also possible to store hydrogen within solid materials, mainly metals, a solution that is still in the research 
and development phase. Already established in the market is the storage of compressed hydrogen in tanks 
or solid stainless-steel structures (2.5.1). Other options include cavern storage (2.5.2) and liquefaction 
(2.5.3). Finally, an approach that is currently at the research and development stage, is the accumulation of 
hydrogen in solid bodies and other approaches (2.5.4). 

                                                           
4
 Armijo, Julien: Flexible production of green hydrogen and ammonia from variable solar and wind energy. Case study 

of Chile and Argentina. Published by IEA (2019). 
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2.5.1 Storage of compressed gas 

Hydrogen that is produced in a pressurized electrolyser has a pressure of, for example, 30 bar, whilst the 
typical pressure of a system for storing gases on an industrial or utility scale, either in industrial pressure 
vessels or in high pressure pipes, is about 80-150 bar. Therefore, for industrial hydrogen use, and to 
improve the density of volumetric energy for transport in trucks, a hydrogen compressor is necessary. In 
the compression process from 30 to 100 bar, around 7% of the energy stored in hydrogen is expended. This 
value increases to 12% for the usual compression to 700 bar to be stored in aluminum tanks for automotive 
applications. Standard industrial gas bottles with a 50L capacity can be used as stationary storage units, 
often stored together in groups of several bottles. 
 

However, in this context the most modern solution is the larger pressure vessels with a volume of between 
10-100 Nm³. For mobile applications with higher volume compression and safety requirements, composite 
tanks are used. These thin-walled metal "liners" are wrapped and covered with fibrous composite material 
(Lehmann, et al., 2014 p. 89f). Several companies are developing systems and compounds for high 
compression storage. Advances in materials such as polyamides allow for new low-weight hydrogen storage 
tanks and a highly effective barrier to the escape of gas. An example is the development of a high 
compression tank of the Dutch company DSM. 
 

Figure 12 - High compression H2 tank with polyamides 

 
Source: Green Car Congress (2017). 

 

Considering the most widespread current solution, the cost of compression to 150 bar and bottling into gas 
cylinders has a lower comparative cost than the electrolysis process. Review of the existing literature 
reveals process costs of between 0.16 USD/kg (Agora) and 0.18 USD/kg (CSIRO), with the potential for this 
to fall to 0.13 USD/kg by 2030, according to CSIRO. Assuming the efficiency of the compression process to 
be 90%, electricity costs of 0.1 USD / kg of H2 (2020) and 0.07 USD / kg of H2 (2030) according to the “off-
grid” scenario. 
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Figure 13 - Costs of compression to 150 bar and storage of hydrogen in tanks (USD/kg) 

 
Source: Produced by this project, based on the studies indicated. 

 

2.5.2 Storage in salt caverns 

Another possibility is the storage of pressurized 60-180 bar hydrogen in salt caverns or other large-scale 
underground structures, such as abandoned mining operations. Caverns that are currently used for the 
storage of natural gas can be used, since they are normally used for other energy carriers. Injecting 
hydrogen into caverns in this same way can be used for seasonal, storage of energy. In Argentina, the 
company Hychico is developing an underground hydrogen storage project in the Patagonian province of 
Chubut (Hychico 2019). Another relevant project is the underground cavern used to store hydrogen for 
industrial uses by the company Praxair in Texas (Praxair, 2007), and there are several other examples in the 
United Kingdom, France, Russia and other countries. 

With regards the costs of storing hydrogen in salt caverns, or in mining works, different data can be found 
in the literature. Depending on the level of work required to prepare the cavern for the storage of gas, and 
the consequent low level of standardization in the development of these projects, the current costs of 
compression and of preparing the caverns is likely to be higher than tank storage. Estimates for the cost of 
storage found in the literature range from 0.13 USD/kg (according to CSIRO) and 0.34 USD/kg (according to 
DNV-GL), as shown in the below figure. However, in the medium to long-term, the storage of hydrogen in 
abandoned caverns for natural gas should once again become the most economic option. Assuming an 
efficiency for the compression process of 90%, the added costs of electricity are 0.1 USD/kg H2 (2020) and 
0.07 USD / kg of H2 (2030) according to the “off-grid” scenario. 
 

Figure 14 - Costs of compressing and storing hydrogen in salt caverns (USD/kg) 

 
Source: Produced by this project, based on the studies indicated. 
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2.5.3 Cryo-compressed storage of liquid hydrogen 

At atmospheric pressure, hydrogen becomes a liquid at -253 degrees Celsius. It therefore follows that 
liquefied storage tanks need to be insulated, while pressure resistance is not a crucial issue. Around 20-35% 
of the energy stored in hydrogen is expended in the process of liquefaction, which leads to a substantially 
lower process efficiency compared to pressure storage. However, energy density is increased by a factor of 
100, equivalent to 2.4kWh/L. This makes liquefied hydrogen an intriguing option for applications in the 
mobility sector, especially aerospace (Lehmann et al, 2014 p. 91f). Based on the success of the 
transcontinental transport of liquefied natural gas (LNG), the transportation of liquefied hydrogen over long 
distances seems feasible in the future. 

The below figure compares the costs of liquefaction, storage and regasification of hydrogen as indicated by 
the different studies considered. With an average cost of 1.55 USD/kg, the cost is higher in comparison to 
other forms of storage. According to the average of the studies considered (CSIRO, 2019; DNV-GL, 2018), 
this can be expected to drop towards 0.8 USD/kg; excluding energy costs. 

According to the hydrogen strategy of Japan, the target is to reduce the costs of liquefaction to 0.93 
USD/kg (9.4 Yen/Nm3) by 2030 (MERI, 2019). The higher costs can be balanced by the high volumetric 
energy density that lowers the transport costs of the hydrogen (see sup-chapter 2.7 “Transport of hydrogen 
and derivatives”). Assuming a process efficiency of 80% for liquefaction, electricity costs of 0.2 USD/kg H2 
(2020) and 0.14 USD/kg H2 (2030) according to the “off-grid” scenario. 
 

 

Figure 15 - Costs of liquefying hydrogen (USD/kg) 

 
Source: Produced by this project, based on the studies indicated. 

2.5.4 Accumulation of hydrogen in solid bodies and other 

A characteristic of hydrogen in comparison with other gases is its absorption in solid materials, mainly 
metals. The most common form of "solid" hydrogen storage is metal hydrides in which hydrogen and a 
metal or metal alloy form a chemical compound. Nickel, magnesium, aluminum and even lithium are 
suitable. The metallic hydride materials invert the usual characteristics of gaseous hydrogen: its volumetric 
energy density is very high (5 kWh / l) while the density of gravimetric energy is quite low (1.4kWh / kg). 
However, this value is still well above the gravimetric energy density of lithium ion batteries (0.3 kWh / kg). 
The disadvantages of metal hydride storage of hydrogen are that it is slow loading and susceptible to 
temperature. It is being researched to improve the storage of hydrogen in solid bodies. 

In addition to the storage possibilities of molecular hydrogen, there are several transport and storage 
possibilities in chemically bound form. These possibilities are not part of the storage of hydrogen in the 
strict sense, which refers to the technical process of storage of molecular hydrogen. In the context of a 
hydrogen economy, however, this possibility is counted as such because the storage and extraction of 
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hydrogen is the object of the production process. Since hydrogen carriers are mostly organic substances, 
they are also called "Liquid Organic Hydrogen Carriers" (LOHC). Considering these options for storing 
hydrogen, there is the possibility that a "game changer" appears that allows the storage of large-scale 
hydrogen at low cost and volume. 

2.6 Fuel cells 

Fuel cells convert hydrogen into electrical energy. The process is sometimes described as reverse 
electrolysis and has been explored since the 19th century (Lehmann 2014, p. 25). In a fuel cell, the energy 
produced by a chemical reaction of a fuel injected continuously (hydrogen) with oxygen from the ambient 
air is converted into electrical energy. The possible fuels are hydrogen, almost all known hydrocarbons, 
and, theoretically, carbon. As an electrolyser, the fuel cells consist of a cathode and an anode that are 
separated by an electrolyte. This electrolyte conducts the ions and blocks the electrons. Types of fuel cell 
differ in terms of the electrolyte used and the operating temperature resulting from the batteries. The only 
emission from the fuel cell process is water (steam) that could occur at the anode and / or cathode, 
depending on the type of fuel cell. The most common type of fuel cells are proton exchange membrane fuel 
cells (PEM or PEMFC). Other types are alkaline fuel cells (AFC) and phosphoric acid fuel cells (PAFC), among 
others. These require longer preheating times and, therefore, are only suitable for stationary or permanent 
use.  

PEM fuel cells are the most suitable for mobile applications, which is where most of the current research 
and development activity is focused. These carry out an oxygenated reaction that slows down and is carried 
out in two partial steps, using special catalysts and a temperature level below 80 ° C. The electrolyte 
between the anode and the cathode is a proton-conducting membrane (polymer film), which prevents 
unwanted reactions. The individual fuel cells are connected in series to stacks, which makes the fuel cells 
flexible and scalable and an interesting option not only for mobile applications but also for larger stationary 
applications of up to 1 MW (Jörissen 2014, p. 276). The efficiency of the conversion of hydrogen to electric 
power with fuel cells is currently 60%; an efficiency of 70% can be expected by 2030 (Acatech, 2017a). The 
price of a 1 MW fuel cell plant for generation in peak demand hours is around 1,500 USD / kW, a CAPEX 
cost that is expected to drop to 500 USD / kW by 2025 (CSIRO 2018, p. 89). 

In 2018, the world market for fuel cells was around 800 MW; 560 MW of this for uses in the transport 
sector. A large share of the systems for stationary use come from the use of cogeneration systems with fuel 
cells in Japan (E4Tech, 2018, S. 24). The following chart summarizes the development of the fuel cell market 
in recent years by application: 
 

Figure 16 - Sales of fuel cells by field of use (MW) 

 
Source. E4Tech (2018), p. 24. 
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Major suppliers of fuel cells are Bloom Energy (USA), Hydrogenics (Canada, links to Air Liquide), Ballard, 
Bosch, Sunfire, Plug Power, FuelCell Energy, Blue World Technologies and Sunrise Power, Shanghai Shen-Li 
and Wuhan of China (for details, see subchapter 2.10). 

2.7 Production of H2 derivatives: ammonia, methane and PtL 

The transition towards the direct use of hydrogen requires changes in existing infrastructure and 
applications. In order to reduce the costs of this, it may be worthwhile incorporating other conversion 
processes of hydrogen to derivatives that directly allow the replacement of conventional fuels. This 
includes the production of ammonia (a), the methanation of hydrogen to replace natural gas (b), and the 
synthesis of hydrogen as a replacement for liquid fuels derived from oil (c). 
 

a) Ammonia 

Most of the current global demand for hydrogen is for production of ammonia (NH3) through the Haber-
Bosch process. The central step in the process is the synthesis of ammonia from atmospheric nitrogen and 
hydrogen at temperatures of between 400 and 500°C. To produce one ton of ammonia 1.974m3 of 
hydrogen is required, equivalent to 178kg of H2. 

Ammonia is the starting product for most nitrogen fertilizers and to produce explosives. It is a colorless and 
pungent gas that can be liquefied at -33°C, lowering the requirement for energy for liquefaction compared 
to the liquefaction of hydrogen at -253 ° C. The volumetric energy density is 4.25 kWh/L, and gravimetric 5-
6 kWh/kg. The levelized costs to produce ammonia (LCONH3) through green hydrogen rise to around 0.031 
USD/kWh, including investment costs but excluding electricity costs for this additional process (CSIRO 2018, 
p. 86) 
 

b) Methane 

In an additional chemical process that follows the electrolysis of water, hydrogen can be converted to 
methane (CH4) by the addition of carbon dioxide (CO2). The most established method is catalytic 
methanation through the Sabatier process that was discovered in 1902. In this process, carbon monoxide is 
reacted with hydrogen at temperatures of 300 to 500 ° C to form methane and water (and heat). To 
produce 1 kWh of methane using hydrogen, 0.198 kg CO2 is required. 

As a source of CO2 for methanation, one option under discussion is to use the emissions from heavy 
industries or from conventional power plants. This entails two critical considerations: firstly, the 
geographical limitation of hydrogen, and subsequent synthetic methane, production to industrial sites; 
secondly, that investment in a methanation plant carries the danger of a "lock-in" or blockage effect that 
can prolong the useful life of the CO2 emitter, avoiding investments in new technologies that can lower 
GHG emissions. Another solution that has recently emerged that allows the provision of CO2 regardless of 
the location and in a closed cycle of CO2, is the extraction of CO2 from the air (direct air capture). 

The methanation of hydrogen allows the complete replacement of natural gas that consists of around 85-
98% of methane. Due to the high volumetric energy density of natural gas, large quantities of energy can be 
stored and transported using existing infrastructure, and the gradual substitution by synthetic methane can 
be considered. 

However, the energy requirement for this additional process reduces the efficiency of the hydrogen energy 
content by around 20%. The costs of catalytic methanation of hydrogen are 0.05 USD/kWh (including the 
investment costs), with 65% of these costs relating to the supply of CO2 through direct air capture (see 
below figure; Agora 2018).  Interesting applications for this process may be the export of synthetic methane 
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through the existing liquid natural gas (LNG) infrastructure or the replacement of natural gas that goes 
beyond the addition of pure hydrogen to natural gas (see subchapter "Addition of hydrogen to natural gas”, 
in Chapter 4). 
 

c) Synthetic liquid fuels 

Synthetic liquid fuels can be produced from hydrogen and CO2 or CO (carbon monoxide) by methanol 
synthesis or Fischer-Tropsch synthesis. In the synthesis of methanol, methanol is produced initially from 
hydrogen and CO2. Methanol can be used directly or converted to synthetic gasoline or diesel. In the 
Fischer-Tropsch synthesis, CO and hydrogen are used to produce a crude liquid fuel, which is then refined. 

The CO is obtained from carbon dioxide through a reverse water-gas shift reaction. In principle, the Fischer-
Tropsch process is a relatively old technology that has already been used in a larger format to produce 
synthetic fuels from coal. According to a comparison of the existing literature by Frontier Economics / 
Agora, the costs of methanol synthesis or Fischer-Tropsch synthesis are very similar. Process costs of 0.05 
USD/kWh (including investment costs) can be assumed, 69% of these costs corresponding to the provision 
of CO2 by direct air capture (see chart below, Agora 2018). Like the use cases for synthetic methane, 
synthetic liquid fuels may be relevant for the export or replacement of fuels in the transportation sector; 
for example, in aviation: synthesis of hydrogen to synthetic gasoline has an efficiency of 80%. 
 

d) Cost comparison of the derivatives 

Comparing the additional production costs of the derivatives of hydrogen, the low-hanging fruit seems to 
be ammonia (see figure below). However, the supply costs of CO2 contribute 65% of the production costs of 
methane and 69% of the production costs of synthetic fuels, a factor that can be reduced if cheaper sources 
of CO2 can be exploited that direct air capture. 
 

Figure 17 - Additional production costs of hydrogen derivatives (USD/kWh) 

 
Sources: CSIRO (2018); Agora (2018). 

2.8 Transport of hydrogen and derivatives 

In order to estimate the costs of transporting hydrogen, the following options are analyzed: (a) transport of 
cylinders by truck; (b) transport through supply pipelines; and, considered in a little more depth, (c) 
transcontinental transport of hydrogen, ammonia, methane and synthetic fuels by boat. 

 

 



 

 
 
 
 
 
 

35 
 

 

a) By truck 

At present, markets for hydrogen are local and / or regional. Cylinders with compressed hydrogen are 
transported, for example at 150 bar, usually with trucks with a capacity for 800kg of hydrogen (DoE 2017, p. 
20). Typical distances for the dispatch of truckers vary between 50-250km. In the literature, formulas for 
the calculation of the distance costs are available (FCH-JU 2017, p. 182), as well as estimates (CSIRO 2017, 
p.88). The FCH-JU formula for calculating transport costs including equipment depreciation, delivery and 
storage at the end-user site in Europe is 0.007 USD x kilometers + 1.59 USD / kg H2 (0.0062) EUR x number 
of kilometers + 1,408 EUR / kg, average exchange rate 2017 1 USD = 1,13 EUR). Applying this formula, you 
can estimate the costs of transport by truck to be 2.29 USD / kg per 100 km, and 2.99 USD / kg for 200 km. 
The costs of compression and bottling in gas cylinders must be added, of around 0.17 USD / kg. Since these 
values are approximations, they apply to different types of cylinders and trucks. For the transport of 
liquefied hydrogen, tankers are used. A truck can transport about 10,000 Nm³ (841 kg) of compressed H2 
gas or 40,000 Nm³ (3,364 kg) of liquefied H2 (Linde 2017). 
 

b) By pipeline 

For the supply of industrial plants with high hydrogen demand, the gas is transported by pipelines; for 
example, in Texas. Hydrogen pipeline transportation costs, including compression and excluding electricity 
costs, are in the range of 0.003 USD/kWh for 50km and 0.006 USD/kWh for 100km, including CAPEX and 
OPEX (DNV-GL 2019, p. 53). We can see from this that the length of the pipeline is the most influential 
parameter for the costs of this approach. According to Linde (2017), the transport capacity of a pipeline is 
around 10,000 Nm3 / h. 
 

c) By boat 

In order to transport hydrogen over large distances, ships carrying liquid hydrogen are considered. The 
reference here is the transport of liquefied natural gas (LNG), which has costs around 1 USD/MBtu for 
transportation over 9,000 km (Henderson 2016, p. 7). This is equivalent to 0.01 USD/kg per 1,000 km. 

Maritime transportation of hydrogen is in the research and development phase, with initial activities 
focusing on the importation of hydrogen, such as from Australia to Japan. 

The Japanese company Kawasaki is developing a vessel for the maritime transport of liquefied hydrogen 
with a loading capacity of 2,500 m3, and future vessels with a capacity of 160,000 m³ are being planned. 
According to the company, one of the challenges is the fact that liquefied hydrogen evaporates at a speed 
10 times greater than LNG. To address this, the company is developing a load containment system 
consisting of a double-layered structure of vacuum insulation (Kawasaki 2015). This structure also helps to 
improves insulation; important considering that hydrogen liquefies at -253 Degree Celsius (natural gas at -
161 ° C). 

The following graph compares current estimates of the transportation costs of hydrogen (0.067 
USD/kg/km’000) and ammonia (CSIRO 2018, p. 88) with the current costs of transporting LNG (Henderson 
2016, p. 7; Rogers 2018) and fuels (Agora 2018, p. 75). These last two values for LNG and liquid fuels apply 
also to the respective synthetic fuels, derived from hydrogen. 
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Figure 18 - Costs of transporting liquid hydrogen by boat (USD/kg per 1,000 kilometers, LHV) 

 
Source: Produced by this project based on CSIRO (2018); Agora (2018); Henderson (2016); Rogers (2018). 

 

Considering the 16,916km from Mejillones to Tokyo, and 8,304 to Los Angeles, the additional 
transportation costs of liquid hydrogen are 1.14 USD/kg to Japan and 0.56 USD/kg to California. These costs 
are lower in the case of ammonia and even more so with synthetic fuels, as shown in the following graph. 
 

Figure 19 - Costs of transporting liquid hydrogen by boat, from Mejillones to Tokyo and Los Angeles (USD/kg, 

LHV) 

 
Source: Calculated based on the previous figure and Searates (2019). 

 

2.9 Reformed with steam 

Steam Methane Reforming (SMR) is the process by which methane (CH4) is subjected to a heat treatment 
and then mixed with steam at high temperature and pressure to obtain a gas of mainly synthetic hydrogen, 
which can then be separated using selective membranes. 

Around 50% of hydrogen consumption is generated by reforming natural gas vapor. Because it is currently 
the most economical process for producing this molecule on a large scale, and can already be considered a 
well-developed technology, learning effects are not expected (DNV-GL 2019, page 46). In the literature, the 
steam reforming process has costs of between 0.5 USD/kg – 1 USD/kg, without the cost of inputs, and 
without considering a carbon price or the costs for carbon capture and storage (CCS). 
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For this study, an average of these values, of 0.6 USD/kg (0.019 USD/kWh), is assumed for the process of 
steam reforming. Assuming an efficiency for the conversion of natural gas to hydrogen of 70%, 1.43 kWh of 
natural gas is consumed to produce the equivalent of 1kWh of hydrogen. As an approximation of the gas 
price of industrial customers in Chile, a current gas price for industrial clients is estimated at USD 9.1 / 
MBtu (equivalent to USD 0.031 / kWh). For the projection to 2030, a compound annual growth rate (CAGR) 
of 1% is applied to the price of natural gas, according to internal projections of the wholesale gas price 
provided by the Ministry of Energy. 
 

Figure 20 - Costs of producing hydrogen through steam reforming (USD/kg) 

 
Source: Produced by this project, based on CSIRO (2018); DNV-GL (2019); and an approximation of gas prices for 
industrial customers in Chile. 

2.10 Main companies and research centers 

This subchapter provides details about the companies that supply hydrogen production technologies 
(electrolysers, fuel cells) mentioned throughout this second chapter. 

The following table summarizes key details about the main suppliers of fuel cells and electrolysers: 
 

Table 7 - Companies supplying technologies for hydrogen production 

Company Location Offer Specification / notable features 

Hitachi Japan Electrolysers 
Hydrogen Dispenser 

Wide variety of electrolyser lines, from 1 kg / h to 
1000 kg / h. H2 dispensers for fuel cells 

Toshiba Japan Electrolysers H2 generator from renewable energies plus a fuel 
cell, all integrated, allowing to supply power to 
the grid. Equipment from 700W to 100kW. 

Hydrogenics  Canada Electrolysers 
Fuel Cells 

With links to Air Liquide. 
Electrolysis equipment with better price quality 
and production efficiency ratio, offer H2 storage 
and compression solutions, they also offer help 
with the installation and start-up of the 
equipment. 

H-Tech 
Systems/MAN 

Germany Electrolysers Electrolysers for industrial use and others with 
small power, but both with high power and 
efficiency. 

Siemens Germany Electrolysers Electrolysers that use energy from the sun or the 
wind. Support from planning and start-up to 
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operation. 

ThyssenKrupp Germany Electrolysers Different sizes of electrolysers 

NEL Hydrogen Norway Electrolysers 
Dispensers 

H2 generator systems of different power scales, 
high capacity storage systems up to 1500kg a day 
in a service station and H2 dispensing systems. 

Tianjin Mainland 
Hydrogen 
Equipment (THE) 

China Electrolysers Actor in the global market of alkaline 
electrolysers, working in conjunction with large 
corporations. 

Beijing CEI 
Technology 

China Electrolysers Production of PEM electrolysers; one of the main 
players in the Chinese market for the 
development of PEM electrolysers. 

Bloom Energy EU Fuel Cells Fuel cell solutions for high demand and 
continuous use. 

Ballard Canada Fuel Cells 
H2 Storage 
Dispensers  

Low power fuel cells designed for cars and high 
power for buses, low temperature H2 storage for 
use in cars and buses, H2 dispensers for service 
stations. 

Bosch Germany Fuel Cells 
H2 Storage 

In development: fuel cell technologies for cars and 
buses, development and production of H2 storage. 

Sunfire Germany Fuel Cells They manufacture solid oxide cells (SOC), allow 
greater efficiency and lower cost in the 
production of H2. 

Plug Power EU Fuel Cells Developing highly versatile fuel cells. 

Fuel Cell Energy EU H2 Production They produce H2 for distribution to different 
industries. 

Blue World 
Technologies 

Denmark Fuel Cells Ethanol fuel cell manufacturers. 

Shanghai Shen-Li China Fuel Cells Racks of up to 40 kW, established in 1998. 

Horizon Fuel Cell 
Technologies 

China Fuel Cells Producer of PEMFC up to 100 kW, based in 
Singapore, active worldwide. 

Source: Produced by this project. 
 

In addition, a summary table of the R&D technology centers undertaking work related to hydrogen is 
provided below: 
 

Table 8 - List of technology and research centers related to hydrogen 

Technology center Location Description of activities / relevant projects 

Arcadis Netherlands Roadmap of "urban mobility for smarter cities". 

Berenschot Netherlands A wide variety of services in studies, including energy studies, have 
a strong belief that hydrogen is the future. 

University of Applied Sciences, 
Arnhem Nijmegen 

Netherlands They have a degree in renewable energies, in which courses on 
hydrogen technologies and fuel cells are taught, with associated 
research into these topics. 

Korea Institute of Energy 
Research 

South Korea They carry out studies to improve the performance and durability 
of fuel cells and electrochemical devices, power generation, 
vehicles based on fuel cells, among others. 

Korean Institute of Science and 
Technology 

South Korea They carry out studies on H2 storage, high and low temperature 
fuel cells and on H2 production. 

Fuel Cell Association  Japan Studies on fuel cells, H2 generation, studies and vehicle 
manufacturing. 

Fuel Cell Cutting-Edge Research Japan  Studies on electrolysers and fuel cell analysis. 
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Center Technology Research 
Association 

The Institute of Applied Energy Japan Studies concerning the production of H2 free of CO2 emissions. 

National Institute of Advanced 
Industrial Science and 
Technology 

Japan Studies in H2 production by electrolysis, also in basic technologies 
such as the production of H2 energy carriers, catalysts and large-
scale engines. 

Future fuels CRC Australia Studies in production processes and planning of H2 industries. 

The University of Melbourne Australia  Announced the start of a high efficiency reciprocating engine 
research project. 

DLR Germany Electrolysis using solar thermal energy, with process temperatures 
greater than 750 ° C. 

Fraunhofer Germany Study on electrolysers, fuel cells, synthesis of chemical products 
from H2, electric generation from H2, H2 battery systems. 

The Hydrogen and  

Fuel Cell Center, ZBT  

Germany General studies on H2, fuel cells, batteries and H2 generation. 

University of Birmingham:  
Birmingham Centre for Fuel 
Cell and Hydrogen Research 

UK They promote research on fuel cells, sustainable production and H2 
storage, for commercial use. 

UCL Energy Institute UK They are studying the use of H2 as energy in transport, electricity 
and heat sectors, examining the production and supply of H2. 

Fuel Cells and Hydrogen Belgium Studies related to H2, such as fuel cells, production and distribution 
of H2, storage systems, among others. 

Institute for Energy and 
Transport 

Belgium Solid state H2 storage trials, studying different materials. 

Israel Institute of Technology: 
Department of Materials 
Science and Engineering 

Israel Studies on materials for the storage of H2 with greater durability, 
the electrochemistry of the materials; synthesis, storage and 
transport of H2. 

Ben-Gurion University of the 
Negev 

and Technion-Israel Institute of 
Technology 

Israel Studies regarding the design of electric cars based on H2 fuel cells. 

Ecole Polytechnique Fédérale 
de Lausanne 

Switzerland They recently investigated the production of H2 through high 
temperature solar concentration systems. Engine testbeds with 
different fuels, including hydrogen. 

VTT Finland Design of fuel cells and electrolysers, research by models for 
solving industrial problems. 

The University of British 
Columbia  

Canada  They study the production of H2 through renewable energies such 
as solar and wind, storage, transport and distribution. 

CEA France 30-year track record of research on hydrogen issues, focused, for 
example, on the use of H2 for vehicles and the storage of H2. 

ETH Zurich Switzerland Department of electrochemistry with activities of materials 
(polymers) and processes (electrolysis and fuel cells) for the 
conversion of renewable energies to chemical fuels. 

Source: Produced by this project. 

3. International strategies and policies for hydrogen development 

Internationally, there are already many countries that have adopted public policies and strategies to 
encourage the emergence of a hydrogen market. A detailed review and analysis can provide relevant 
insights for the development of policies and strategies for the hydrogen value chain in Chile. 
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Aiming to identify these key aspects, a systematic review was undertaken of the information available on 
the policies, plans and development strategies for the hydrogen market from the following eight countries 
that already have an emerging hydrogen market, or are in an active state of development: 

 USA (with focus on the State of California) 

 Australia 

 The Netherlands 

 Japan 

 France 

 Germany 

 APEC (Asia-Pacific Economic Cooperation) member: South Korea 

 China 

In addition, since it is a key stakeholder and driver of the development of green hydrogen at a global level, 
the development activities and perspectives on the hydrogen market of the International Energy Agency 
(IEA) are described. 

An analysis of the primary sources of evidence from relevant public bodies in each country was carried out 
(ministries and energy agencies; responsible government committees; national research centers; libraries 
of laws and regulations; among others) as well as secondary sources (articles in newspapers and leading 
research journals; the websites of universities and companies). In addition, the following personal 
interviews were conducted by teleconference: 

 In the case of California, an interview was conducted with a representative of the California 
Hydrogen Business Council, whose results are included in the country analysis. 

 In the case of Australia, an interview was conducted with the Government Agency for Renewable 
Energy of Australia, ARENA, which finances and promotes pilot projects in the field of hydrogen, 
among others, whose results are included in the analysis of the country. 

 In the case of Germany, two interviews were carried out, one with a Power-to-Gas expert from the 
German Agency for Renewable Energy (DENA), and another with the Fraunhofer ISE Institute in 
Karlsruhe, with an expert in the application of hydrogen in the transport and associated 
infrastructure sector. 

The cases of Australia and California are analyzed in greater detail, following point c) in the proposal for this 
project. The case of California, because it is the most advanced country in the world in policies that 
promote hydrogen for the decarbonization of the transport sector, and already has a considerable number 
of fuel cell vehicles circulating along with a network of fueling stations. The case of Australia is considered, 
since, with its renewable energy potential of approximately 25,000 GW, it has substantial potential to 
generate green hydrogen and has a relatively advanced national hydrogen development strategy that 
covers the entire value chain. In addition, CSIRO has a presence in Chile, promoting collaboration between 
Chile and Australia to deliver applied research in the mining, coastal marine and water management areas, 
for which there is already a collaboration between both countries that could be deepened. 

Due to the fact that Australia still does not have advanced safety policies and standards in the subject area, 
they are only in the development phase - an aspect that was validated through an interview with the 
Government Agency for Renewable Energy of Australia (ARENA)5 - a detailed analysis of the regulation of 
safety issues along the hydrogen value chain in Germany is added, as agreed with the counterpart. 

These three detailed analyzes are added to the respective general analyzes in the chapter corresponding to 
each country, in order to present information from these countries in a logical and consistent way. 
                                                           
5
 Interview with Charlotte Rouse, Strategy Officer ARENA, 28.05.2019 
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At the request of the counterpart, the detailed analyses of the strategies of each country, including the 
International Energy Agency, are placed in the Annex, leaving in the body of this report: 

 a summary table with the key points of each strategy (main focuses or guidelines, goals, current 
and projected investment, regulatory aspects) (3.1); 

 a table that indicates the drivers and development instruments adopted by each country (3.2); 

 a summary of the main PPPs identified in all the countries analyzed and their applicability to Chile 
(3.3); 

 and, a table that summarizes the existing regulations in these three countries analyzed in detail in 
the commercial, safety and functional scope (3.4).
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3.1 Summary of country analysis 

8 
 

The 
Netherlands 
 

 
 
 

France 
 

 

South Korea 
 

 

Japan 
 

 

California 
 

 

Australia 
 

 

Germany 
 

 

China 

Current 
production 
 

N / I 900 M t / year  
5% from 
renewable 
sources 
(refineries 
60%, fertilizers 
25%) 

N / I N / I The USA 
produces 10 
million t / year 
of H2, 95% 
through fossil 
fuels (mainly 
for refining 
and ammonia) 

N / I N / I N/I 

Existence of 
Hydrogen 
Roadmap or 
Strategy 
 

Yes, developed 
in 2017 

A strategy has 
existed since 
2018, with the 
goal of 
becoming a 
world leader in 
this sector.  
It is seen as a 
potential 
supplier of 
hydrogen at a 
global level. 

Yes, has been 
working 
towards this 
for a decade 
and from 2019 
there is a 
Roadmap for 
the 
development 
of the H2 
market 

Yes, since 
2012. It is the 
country that 
presents a 
clearer and 
more robust 
strategy, 
generating a 
"H2 society" " 

There is no 
roadmap for 
H2, but it is 
part of its 
strategy to 
increase the 
use of 
renewable 
energies (and 
seen as 
complementar
y to batteries) 

Yes, both 
nationally 
(2018) and in 
the State of 
South Australia 
(since 2017), 
where there is 
a strong focus 
on the 
production and 
export of 
green H2. 

Coordinated 
government 
programs have 
existed since 
2007. Strategy 
currently 
under 
development. 

Roadmap 
exists for the 
development 
of the 
automobile 
market based 
on fuel cells 
(local 
manufacture 
of vehicles for 
exportation 
and 
introduction in 
the transport 
sector itself). 

Main focuses or - Development - Production of - H2 production - Reduction of All the policies Green H2 - Co-financing - Increase the 
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guidelines 
 

of the 
transport 
industry with 
H2 (at the 
beginning of 
the 
commercial 
stage) 
- Progressive 
transition of 
the production 
of fossil fuel 
produced H2 to 
green 
hydrogen, 
from 2025 

H2 by 
electrolysis for 
industry 
- H2 as a 
complementar
y technology 
to batteries for 
transport 
- H2 as a 
stabilizing 
element in 
energy 
networks 
(electric and 
gas) in the 
medium term 

by fossil 
energy sources 
(there is no 
focus on 
renewable 
energy) 
- Applications 
in the 
transport 
sector and 
energy supply 
- Production of 
fuel cells and 
H2 vehicles 
- Transport and 
storage 
infrastructure 
- Focus on 
hydrogen 
export and 
technology 
 

production 
costs and 
applications 
- Development 
of the 
international 
supply chain 
- Use of H2 in 
the energy and 
mobility sector 
(FCV, buses, 
forklifts, 
trucks, ships) 
This takes 
place in 3 
phases: 
1. expansion of 
the use of H2 
(fuel cells - 
stationary and 
mobile) 
2. 
establishment 
of large-scale 
supply 
3. supply of 
green H2 
(carbon 
capture and 
renewable 
energy)  

and strategies 
identified are 
focused on the 
transport 
sector 
(automobiles, 
buses, trucks) 

production 
based on 
renewable 
energy (solar 
and wind), 
especially in 
coastal areas 
and in the 
south of the 
country. 
Export of 
green H2 to 
Asia (Japan, 
China and 
others). 
Decarbonizatio
n of the energy 
matrix: zero 
carbon by 
2050. 

for 
investments in 
large-scale fuel 
cell vehicles as 
part of the 
country's 
industrial 
policy  
- Pilot projects 
for the 
coupling of the 
energy sectors 
with H2, 
including the 
use of surplus 
wind 
generation 

level of 
production of 
fuel cell 
vehicles and 
circulation 
nationwide 
- Creation of 
progressive 
hydrogen 
refueling 
infrastructure, 
goal:> 1,000 
stations by 
2030. 
- Market 
development 
through Five-
Year Plans and 
high state 
subsidies 
aimed at 
companies and 
universities. 
 

Goals 
 

There are no 
concrete goals 

- 10% of green 
H2 
consumption 
in industry by 
2023, 20-40% 
by 2028 
- Introduction 

By the year 
2040: 
- 6.2 million 
fuel cell 
vehicles 
- increase to 
1,500 

Supply: 
- 2030> 300 
thousand t / 
year through 
renewable 
energy and 
CCS 

- To have 5 
million zero-
emission 
vehicles, of 
which 1 million 
based on 
hydrogen by 

Unquantified: 
Replace 
natural gas 
with H2 in heat 
supply 
- Decarbonize 
NG networks 

There are no 
concrete goals. 

- 1,000 
hydrogen 
refueling 
stations by 
2030 with 
supply of> 50% 
of green H2. 
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of 5,000 light 
vehicles and 
200 heavy fleet 
vehicles by 
2023 
- Count with 
20,000 - 
50,000 light 
vehicles / 800 
to 2000 heavy 
vehicles 
circulating, and 
400 - 1,000 
fueling stations 
by 2028 

hydrogen 
refueling 
stations (there 
are currently 
15) 
- Increase in 
fuel capacity to 
15 GW at 
industrial level 
and 2.1 GW 
residential. 
Have 2,000 by 
2022 buses 
and 41,000 by 
2040. 
- by 2040 to 
achieve 
production of 
5.2 million t of 
H2 
 

- 205 0> 5-10 
million t / year 
through 
renewable 
energy and 
CCS 
Mobility:   
Fueling 
stations: 
Present: 100 
160 by 2020 
900 by 2030 
All by 2050 
Vehicles 
Present: 2,000 
2020> 40,000 
2030> 800,000 
2050> all cars 
Homes 
(heating): 
Present: 
220,000 
2030> 5.3 
million homes 
with fuel cells  
2050 
replacement of 
53 million 
homes 

2030. 
- For the 
above, have 
33% green 
hydrogen. 
 

- H2 for 
renewable 
energy storage 
- Lower H2 
production 
costs to 2-3 
USD / kg H2 
(excluding 
storage and 
transport)  
- Attract 
investments in 
green H2 
production 
plants 
 

- 1 million fuel 
cell vehicles 
produced by 
2030 and 
100,000 
vehicles 
circulating 
nationwide by 
2025. 
- By 2030,> 
50% of H2 must 
come from 
renewable 
sources. 
 

Current and 
Projected 
Investment

6
 

 

€13.2M for 
pilots, R & D 
and studies 
(national) 
€15M in 
European sub-
funds for 

€ 100M 
earmarked 
from 2019 for: 
- support for 
the acquisition 
of electrolysers 
in industry 

-Plan to invest 
in public-
private 
collaboration 
US $169M in 
2019 and US 
$374M in 2020  

- since 2014 
they have 
allocated more 
than US 
$1,500M in 
hydrogen 
programs. 

- There are 
currently: 
64 fueling 
stations (39 
operative) 
6,012 vehicles  
25 buses 

Current: 
US $160M in R 
& D 
> US $17M for 
4 pilot projects 
> US $8.2M for 
H2 in transport 

Transportation 
sector: 2007-
2016: €500M 
public, €900M 
from private 
companies 
2017-2019: 

Government 
awards grants 
to private 
companies and 
universities, 
based on Five-
Year 

                                                           
6
 Considers both public and private investment. 
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development 
projects 

- support in 
mobility pilot 
projects 
- help in hybrid 
projects 

- Creation of 
HyNet 
company in 
conjunction 
with 13 
companies, for 
the generation 
of station 
infrastructure 
- Korea Gas 
(public) 
announced the 
investment of 
US $4,000M in 
H2 production 
by 2030 

Within this: 
- 2018> US 
$272M in 
subsidies and 
research 
- NEDO 
(governmental 
research 
institution) has 
spent US 
$213M in 
transport, 
production and 
uses R&D 
- US $120M 
has been spent 
on studying 
ammonia as an 
energy carrier 

- more than US 
$180M have 
been invested 
in hydrogen 
infrastructure 
nationwide 
- The CEC has 
an annual 
budget of US 
$100M, for low 
emission 
transport 
technology 
projects. Of 
these, US 
$20M are 
invested in H2 
transport 
infrastructure 
and fuel cells 
 

> US $4.M for 
a green 
ammonia pilot 
plant 

€250M public 
 
Energy sector 
2019-2022: 
€100M Public 

Development 
Plans for this 
market. 
 
Five-Year Plan 
2016-2020: 
70.08 million 
USD invested 
in 2018, 
delivered to six 
recipients, 
including 5 
companies and 
1 university. 
 
BNEF projects 
17,000 million 
USD 
Investment in 
H2 Industry by 
2023. 
 

Regulatory 
Aspects 
 

- There is no 
greater 
progress, and 
what exists is 
oriented 
towards 
vehicles. 
Activities 
related to H2 
are regulated 
under the 
Dutch gas law. 

- There is a 
hydrogen 
regulation 
issued by the 
French Assoc 
of H2 and Fuel 
Cells 
- Development 
of specific 
texts for H2 
vehicle 
components 
and the 
installation of 
these.  
 

- We were 
unable to 
identify 
specific 
legislation; 
however, they 
announced the 
intention to 
loosen the 
regulation for 
the 
construction of 
fueling stations 
as an incentive 
mechanism 

Global vision 
around the 
standardizatio
n of H2, and 
active 
participation in 
proposals for 
the ISO / 
TC19729 

- “Hydrogen 
Fuel Quality for 
Fuel Cell 
vehicles 
J2719_201511
” 
- Hydrogen 
technologies 
code (in terms 
of safety) 
 - detailed 
specifications 
of tanks ducts 
and other 
forms of H2 
storage are 

The country is 
in the process 
of reviewing 
international 
standards (ISO, 
SAE, NFPA) for 
application in 
the national 
context; South 
Australian 
Hydrogen 
Regulatory 
Working 
Group. 
September: 
International 

- New 
regulations to 
allow up to 
20% H2 in the 
gas pipelines 
under 
development 
(currently 10%) 
- Remove 
barriers for 
investment in 
storage 
projects in the 
energy sector  

- Promote 
“Made in 
China” 
technologies 
(Official 
Development 
Plan) 
- New 
regulations, 
codes and 
standards 
associated 
with the 
handling and 
transport of H2 
are missing 
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found in the 
Electronic 
Code Federal 
Regulations 
- fuel cells 
must comply 
with the safety 
standards of 
the Society of 
Automotive 
Engineers 
(SAE) 
Others in detail 
in the 
regulations 
document 

Safety 
Conference H2! 
 

- Vice 
President of 
State in 
November 
2018 proposed 
classifying H2 
as an energy 
fuel instead of 
a hazardous 
chemical to 
facilitate its 
inclusion in 
regulations 
(pending). 
 

Main projects 
 

- NUON: 
change of 
thermal plant 
to H2 with CO2 
capture to 
2023 and later 
to renewable 
energy 
- Akzonobel: 
electrochemica
l plant that is 
rethinking its 
strategy of 
selling green 
H2 that is 
currently a 
byproduct 
- Green 
ammonia 
plant: 
construction of 
a pilot plant in 

JUPITER 100: 
industrial gas 
transformation 
project (power 
to gas), and 
technologies 
validation 
(electrolysers, 
methanization, 
CO2 capture) / 
injecting H2 
into the grid / 
validation of 
business 
models 
GRHYD: public-
private project 
(Engie and 10 
other 
companies) to 
evaluate and 
validate 

Hyundai: 
development 
of commercial 
H2 vehicles 
since 2013. 
KIER: the 
Korean 
Institute of 
Energy 
research in 
2017 granted 
funding for a 
research 
program of 
ammonia with 
electrolysis 
Doosan Green 
Energy: 
thermal plant 
based on fuel 
cells of 50 MW 
in 2018. 

FH2R: public-
private project 
of H2 
generation 
plant of 10,000 
kW in 2020 to 
feed the 
Olympic village 
Green 
ammonia 
plant FREA: 
ammonia 
generation 
plant that has 
operated since 
2018 
 

- TRI-GEN H2 
production 
plant, as fuel 
for Toyota 
trucks based 
on Biogas 
- H2€@Scale: 
US$31M of 
investment in 
R & D in 
advanced 
storage 
technologies, 
innovative 
concepts of 
production and 
application of 
H2 
- Leasing of 
fuel cell 
vehicles in 
California 

Electrolysers: 
Samuel 
Griffith 
Center: smaller 
scale 
electrolyser 
Port Lincoln: 5 
MW green 
electrolyser 
Hydrogen 
Super Hub of 
Neoen AUS: 50 
MW  
Hydrogen Park 
of South 
Australia: 1.25 
MW 
Announced: 
- Toyota 
reported 
purchase of 
0.45 MW PEM 

Two 
electrolyser 
projects of 100 
MW in 
planning 
phase: 
Hybridge 
TSO and 
operator of the 
gas 
transmission 
network want 
to build 
hydrogen 
infrastructure 
in the Emsland 
region to take 
better 
advantage of 
offshore wind 
energy. 
Similar project 

Foshan City: 
- Foshan 
Industrial 
Transference 
Park; first 
factory of fuel 
cells chimneys; 
- 70 hydrogen 
buses in 
circulation 
 
Shanghai: 
-Hydrogen 
Energy 
Industrial Park 
(Research by 
Universities, 
companies, 
automobile 
industry 
unions; 
- FCV 



 

 
 
 
 
 
 

47 
 

Goeree-
Overflakkee 
- Symbiosis of 
H2: project of 
interconnectio
n and 
exchange of 
hydrogen in 3 
industrial 
plants in 
Terneuzen 

technologies in 
the Dunkirk 
area (buses to 
NG and H2, and 
injection of H2 
into the 
network) 
SAFRAN 
(PIPA): 
Reduction of 
GHG emissions 
from the 
aviation and 
aerospace 
sector through 
fuel cells (2035 
- 2050)  

Already has 
built Iksan 
Factory with 
63 MW 
capacity 

(2014) 
- First 
passenger ship 
with fuel cells 
(Golden Gate 
Zero 
Emissions) 

electrolyser 
- Engie and 
Yara in 
February 2019 
agreed 
feasibility 
study for 
replacement of 
ammonia plant 
with NG in 
Pilgara for 
green H2 

from other 
stakeholders 
about 150 km 
further north. 
 
Energiepark 
Mainz, supply 
for industries 
in an industrial 
park  
 
Research and 
pilots on the 
use of H2 in 
boats, aircraft. 
 

development 
plan, target: 
20,000 by 2025 
 
Technological 
R&D by Toyota 
companies, 
Foton Motor 
Group, Beijing 
SinoHytec, 
First 
Automobile 
Work, among 
others. 
 
Since February 
2018: Chinese 
National 
Alliance of 
Hydrogen and 
Fuel Cells 
(Beijing). 
 

Degree of 
Importance of 
Development 
of H2 
 

 
A recent 
interest and 
with few 
resources still. 
 

 
 
 

 
Strategic 
commitment 
to H2 but focus 
on renewable 
sources. 

 
Policy and 
robust 
commitment 
to H2, with 
many years of 
development. 

 
Shared 
importance 
with batteries. 
Focus mainly 
on transport. 
 
 

 

 

 
Strong 
approach to 
development 
of fuel cell 
vehicle 
technology. 

 

3.2 Main drivers and highlighted PPPs 

The aspects summarized in the table above enable the identification of the main drivers of the hydrogen market development strategies of each 
country, summarized here: 
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Country Factors driving 
development 

Main development model Instruments applied Highlighted PPPs 

Netherlands                

 

● Achievement of 
climate objectives: 
0% CO2 emissions by 
2050; 

● More sustainable 
industrial processes. 

Holistic: Sectorally cross-cutting 
uses: Mobility, Electricity, Industry. 
Progressive and gradual: Transition 
from grey H2, via blue H2 to green 
H2; use starting from more advanced 
sectors. 
Two phases: phase 1: technological 
development through R & D and 
market preparation; Phase 2: 
introduction to the market and 
commercialization, varying 
according to complexity of sectors. 

● State investment in 
demonstration and R & D pilot 
projects. 

● Investment in feasibility studies. 
● Investment in R & D for H2 

storage. 
 

● AkzoNobel, a producer of 
chlorine and bleach with H2 by-
product, is working with 
Gasunie and the Groningen 
seaport authority for the 
development of Cluster H2 
including value chain: 
production and transport.

7
 

France               

 

● Industry 
decarbonization: 
producing "cleaner" 
H2 through methane 
and CCS or 
renewable energy. 

● Decrease 
dependence on 
imported fuels. 

● Development of H2 = 
"active for energy 
independence". 

Holistic: 
● Supply drivers = H2 production 

by electrolysis. 
● Promotion of uses in mobility 

(heavy transport, commercial 
and long-distance focus). 

● Injection of H2 into gas 
networks (storage). 

● Creation of demand for H2 and 
unlock investment in 
production and distribution. 

 

State support: 
● (co-) financing of pilot projects 

in the field of production and 
application, e.g. call for delivery 
of funds to private companies 
for the acquisition of 
electrolysers or execution of 
pilot mobility projects. 

● State R & D programs of a PPP 
nature (Public-Private-
Partnership. 

● GRHYD Initiative: ADEME 
(French Agency for the 
Environment and Energy 
Management) with ENGIE and 
other companies: 2 
demonstration projects: 1. pilot 
of hybrid fuel use H2-NG 
industrial level; 2. H2 injection 
to NG network <20% for 
housing supply (partial financing 
from ADEME). 

● PIPAA Project: development of 
fuel cells for airplanes: PPP 
between SAFRAN, CGI and 
French Government companies 
through the BPI France Public 
Investment Bank (Investments 
for the Future Program (PIA)). 

                                                           
7
 https://bioenergyinternational.com/biogas/akzonobel-gasunie-investigate-feasibility-20-mw-power-gas-project  

https://bioenergyinternational.com/biogas/akzonobel-gasunie-investigate-feasibility-20-mw-power-gas-project


 

 
 
 
 
 
 

49 
 

South Korea

 

● Reduce dependence 
on energy imports. 

● Become a global 
technology leader in 
mass production of 
fuel cells and fuel 
cell vehicles and 
export them. 

● Reduce H2 
production prices. 

● Sectorally integrated: currently 
developing inter-ministerial 
roadmap (Economy, Finance, 
Energy, Environment, Transport 
and Oceans). 

● Sectorally focused: prioritizing 
transport due to commercial 
ambitions of production and 
export of vehicles and fuel cells. 

● Focus on independence: 
Deployment of renewable 
energy for a national production 
of energy to produce cleaner H2 
(currently grey) through its own 
energy sources. 

● Strong commercial focus: 
income generation; support 
from the national industry to 
produce technologies 
associated with H2 through 
investment in R & D programs; 
achieve reduction of H2 
production price through 
economies of scale, including 
domestic and foreign 
production plants. 

● State investments in fuel cell 
vehicle production plants 
together with private 
companies to create mass 
production market. 

● Promotion of collaboration 
between companies along the 
H2 value chain for infrastructure 
creation in the transport sector. 

● PPP between Government and 
private companies Hyundai, 
Hyosung Heavy Industries and 
SK Gas announced for the 
creation of fuel cell vehicle 
production plants (high state 
investment). 

● Ministry of Commerce created 
SPC HyNet = 13 companies 
related to H2, with Ministry of 
Environment subsidies to create 
infrastructure for transport with 
fuel cells. 
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Japan             

 

● Become a sectorally 
crosscutting 
"Hydrogen Society". 

● Leading global fuel 
cell market (leading 
patents in the field). 

Development of a tri-phase market: 
● Expansion of the use of H2 

technologies (creation of 
demand). 

● Creation of supply / supply 
systems for on a large scale. 

● Production of low carbon H2 (by 
CCS or renewable energy). 

The Government's ambition to 
develop an international H2 supply 
chain stands out. 
 
Goals established progressively: 
2020, 2030 and 2050. 

● High subsidies for the creation 
of charging infrastructure. 

● High state investment in R & D. 
● Information sharing: policy of 

sharing relevant information 
among actors involved in 
development. 

● Creation of government 
relations with other resource-
rich countries to supply H2 to 
ensure a broad supply chain in 
the future. 

● Participation in proposals for 
the definition of ISO safety 
standards. 

● FH2R: Government Entity for 
Industrial and Energy 
Development, NEDO Japan, 
together with companies 
Toshiba, Tohoku and Iwani 
Corp. are constructing an H2 
energy research field in 
Fukushima; in addition, building 
a 10 MW green H2 production 
plant to power the Olympic 
Village of JJ.OO. in 2020. 

California      

 

● Reduction of 
dependence on oil 
imports (US national 
goal). 

● Reduction of oil 
consumption. 

● Reduction of GHG 
and improvement of 
air quality. 

● Development model focused on 
the transportation sector based 
on economic incentives for 
decarbonization in order to 
improve air quality in California. 

● Non-discriminative model: both 
electromobility based on 
lithium batteries and fuel cells 
are promoted; clean transport 
technologies are supported. 

● Focus on transporting heavy 
and light cargo as well as public 
transport fleets and private 
vehicles. 

● Development model is based on 
creation of the infrastructure 
required to increase market 
penetration. 

Multiple regional (California) subsidy 
programs for the acquisition and 
replacement of polluting vehicles by 
technologies with fuel cells and / or 
electromobility, such as: 
● Exclusion of taxes for advanced 

transport technologies. 
● Generation of resources for 

incentives at the regional level: 
Taxes on conventional 
motorized vehicles to finance 
projects that benefit air quality 
improvement. 

● Training programs about new 
technologies based on fuel cells. 

● Bonuses for acquisition of 
vehicles fuel cells. 

● Broad financing programs for 
companies and car 
manufacturers to encourage 
market development. 

● US Department of Energy 
through the H2 @ scale initiative 
delivers co-financing for pilot 
projects associated with H2 to 
private companies. 

● CEC and US Department of 
Energy subsidize the 
construction of an H2 
production plant for trucks 
using biogas, delivered together 
with TOYOTA. Collaboration of 
California Irvine University and 
California Air Resources Board. 

Germany           ● CO2 reduction goals 
of the country. 

● Model consists of initiatives and 
investments focused on certain 

● State investment for projects. 
● Multi-actor collaborative 

● Hybridge Project: Collaboration 
between the Amprion 
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● Greater integration 
of renewable energy 
in energy systems 
(through P2G among 
others). 

● Decarbonization of 
the transport sector 
(for example, buses 
in cities). 

● Maintain and 
promote the 
competitiveness and 
innovation capacity 
of German industry. 

● Acquire experience 
on electrolysis on an 
industrial scale 
(through a pilot 
project). 

specific sectors - however there 
is still no holistic / cross-cutting 
strategy / roadmap. 

● Automotive industrial policy to 
develop sustainable means of 
transport. 

● Government funding lines for R 
& D and pilot projects, 
especially in the Power-to-Gas 
field; also, pilots in production 
by electrolysis. 

● Attitude: market activation for 
technologically mature products 
(without economic feasibility 
yet), focus on the transport 
sector. 

● Promotion of associations at 
central and regional level (in 
Federal States, example Electric 
Mobility Network of H2 and Fuel 
Cells of the Energy Agency of 
the Federal State NRW with 450 
members). 

approach: National Program of 
Innovation in Hydrogen 
Technologies and Fuel Cells 
(NIP), groups since 2007 actors 
from different public and 
private sectors to promote 
market readiness, among others 
through various high 
investments in demonstration 
projects and R & D. Program 
specifically for the development 
of the H2 market that provides 
competitive funds to private 
companies. 

● Investments delivered by NIP 
focused on the public transport 
sector and fleets, trains, ships, 
industrial trucks, loading 
stations as well as fuel cell 
systems for supply in isolated 
infrastructures. 

Transmission Electric System 
Operator with Open Grid 
Europe gas network operator in 
100 MW large-scale electrolyser 
acquisition for connection of 
electricity and gas networks 
(announced). 

Australia           

 

● Replace NG 
consumption with 
hydrogen. 

● Harness the great 
potential of 
renewable energy to 
produce green H2 
(especially South 
Australia). 

● Export H2 (green) to 
countries in Asia. 

● Broad outlook, sectorally 
crosscutting. 

● Progress goals clearly defined. 
Short term: 2018-2025; medium 
term: 2025-2030. 

● Creation of demand and supply 
market in parallel; H2 
production both gray, blue and 
green. 

● 4 strategic pillars of 
development: commercial 
(economic viability), regulatory 
(regulations in development), R 
& D (along the value chain), 
social (stakeholder 

● State financing of pilot projects, 
for example through ARENA. 

● Collaboration among actors, for 
example Hydrogen Hub in 
Adelaide - cooperation on 
export issues with the 
International Maritime 
Association. 

● Collaboration with other 
countries, for example CSIRO 
presence in Chile or pilot 
project with Japan. 

● Hydrogen Super Hub Project: 
collaboration between Neoen 
Australia and the Government 
of South Australia, which co-
financed a 50 MW capacity H2 
production plant, based on 
renewable energy. 
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engagement). 

China 

 
 

● To be a world leader 
in the production of 
fuel cell vehicles, 
promoting the 
“Made in China” 
brand. 

● Be competitive in 
terms of technology 
prices. 
 

● Focused on production and 
optimization of vehicle 
technology with fuel cells and 
related infrastructure. 

● R&D in technological clusters 
(e.g. Fosha Industrial Transfer 
Park, Shanghai Hydrogen Energy 
Industrial Park). 
 

● Relatively high state subsidies 
aimed at companies and 
Research Centers / Universities 
as well as Five-Year Market 
Development Plans. 

● Regulations that prohibit the 
entry of gasoline delivery 
vehicles in some cities and 
regulations aimed at logistics 
companies that require the 
replacement of vehicles for 
equipment with alternative 
combustion after a certain time 
/ level of depreciation. 

● Private international 
collaboration: Japanese 
company Toyota collaborates in 
China with companies Foton 
Motor Group and Beijing 
SinoHytec in R&D of fuel cell 
engines. 

● Since 02/2018 there has been 
the Chinese National Alliance of 
Hydrogen and Fuel Cells with 
Beijing headquarters: a group 
composed of 19 members, 
especially companies from 
different industrial sectors and 
universities, that promotes the 
development of the hydrogen 
market in China. 
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3.3 PPPs identified and their applicability to Chile 

Based on international experience, a wide range of programs of cooperation between the public and 
private sectors can be identified, ranging from pilots to companies for the development of infrastructure. 

a) Cooperation between chemical industry and port authorities: high applicability 

There is a chemical industry and several ports throughout Chile, which are concessions to private 
individuals subject to medium- and long-term contracts, that could cooperate to integrate the value chain 
processes of production and transport, especially relevant when wanting to export hydrogen abroad. In this 
context, the ports of Antofagasta and Mejillones are attractive, due to their strategic location near Peru 
and the closest route to countries in the northern hemisphere. The role of the Government in this context 
could be that of a dialogue facilitator (generating conversations) to initiate contact between H2 producing 
companies (both as a main product and by-product) with port operators, with the aim of identifying 
possible areas of cooperation to facilitate transport processes. Above all, aspects of public safety should be 
defined jointly, with input from both producers and transport actors, in order to avoid gaps and weak 
points in this issue of shared interest. This type of association has no major investment cost, it is simply a 
matter of creating a collaborative space that can benefit all actors along the hydrogen value chain in terms 
of managing safety aspects and possible methods of H2 export. 

b) Collaboration between agencies promoting energy and environmental issues and private companies: 
high applicability 

In Chile, there is the CORFO Solar and Energy Innovation Committee, as well as two state agencies that are 
relevant in the field of environment and energy: The Agency for Sustainability and Climate Change, and the 
Energy Sustainability Agency (Ex-AchEE). For example, in case in which a hydrogen market develops, the 
AchEE could support, through state funds delivered by the Ministry of Energy or Transport, private 
companies in situ in the realization of pilot projects that contribute to market development according to 
the national vision / strategy. In this way, the R & D activities of private companies with commercial 
interests are managed so that they align with the state development strategies. Exemplary cases have 
recently been seen in the field of transport; for example, the introduction of 200 electric buses in a 
collaborative project between the Ministry of Energy and Transport, Enel and bus fleet operator of the 
Transantiago Metbus, in alignment with the National Electromobility Strategy. 

c) Delivery of funds from a public investment bank to a consortium of private companies for specific R & 
D (fuel cells for aircraft): moderate applicability 

The applicability of this type of PPP to Chile is considered moderate, due to the fact that Chile does not own 
any aircraft industry, in addition to the high amount of investment that would be required. For example, 
the French Public Investment Bank BPI invests 19.3 million euros in this technological development project. 
This is only the first step. So that this development can be verified, testing and piloting applications are 
required, where an airline needs to be included in the following stages. It is a complex project with a high 
intensity of investments and several testing phases required and is in a field of H2-based technology 
application that - despite being highly relevant for development - is very high in investment and finds itself 
in the early stages of development. In addition, it requires a provider / center of technological research in 
the field of aeronautics that does not exist in Chile. 

Considering the geography of Chile and high intensity of mobilization by plane, as well as the high and now 
well-known vulnerability to the effects of climate change, the promotion of R & D activities to find 
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sustainable solutions in the aeronautical field would be very relevant for the decarbonization of this sector 
and improvement of environmental quality in Chile. 

d) Cooperation between the Government and private companies for the creation of production plants for 
vehicles and fuel cells: low applicability 

The applicability of this type of PPP is considered limited for Chile, since it involves high state investment in 
production processes carried out by private companies, especially in the automotive sector. This type of 
production does not have a presence in Chile. 

e) Collaboration between the Government and private companies to develop a pilot project to produce 
green H2: moderate applicability 

The realization of a pilot project at national level that demonstrates the technical feasibility of producing 
green hydrogen using renewable energy without subsidies is essential to provide, on the part of the 
Government, a sign of intent of wanting to develop this market at the national level. Its applicability 
depends on the state funds available for investment and the requirement to find a company interested in 
carrying out this type of project, where ideally it should include a developer / operator of a solar or wind 
power plant that can generate a relatively stable energy supply. 

It is worth noting that partnership in general, whether between public and private entities, between only 
government entities (ministries) or between only companies, is beneficial for the acceleration of 
comprehensive market development with a holistic view and avoids the loss of potential existing synergies 
between the activities of actors along the hydrogen value chain. The value placed on collaboration is 
reflected in the strategies of all the countries analyzed. Notable examples are the case of Japan with its 
development of an inter-ministerial roadmap, and the Electric Mobility Network of Hydrogen and Fuel Cells 
of the German Federal State NRW with more than 450 member companies. 

3.4 Summary of regulations: Australia, Germany, California 

The regulations applied to the existing hydrogen value chain in Germany, Australia and California, the three 
countries analyzed in detail, is summarized below. For this, the structure of the Australian Roadmap (CSIRO 
2018) is used, which differentiates regulations according to three thematic areas: 

1. Commercial: regulation that provides a commercial framework for the use of hydrogen. The certification 
of hydrogen production (quality standards) is included in this area. 

2. Safety: regulation that ensures that the production, transport, storage and use of hydrogen are safe 
(throughout the value chain). 

3. Functional: technical, environmental and safety regulations that define and codify the use of specific 
standards that must be applied when treating / handling hydrogen. 

Because the item "safety" is cross-cutting in its functionality and can have both commercial and functional 
attributes, it is decided to categorize the summary of regulation by the two elementary concepts 
"commercial" and "functional". 

It should be mentioned, as will be seen below and as detailed in the respective country analyzes, that in 
most areas specific regulation for hydrogen is still in development. The following table summarizes the laws 
that are relevant, and in which hydrogen is already included or should be included. 
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Table 9 - Summary of regulation and commercial incentives according to country and general area of focus 

Scope Australia Germany California 
 

Commercial ● Carbon Tax) introduced 
through the "Clean Energy 
Act 2011" as of July 2012; 
revoked in July 2014 and 
transformed into Emission 
Reduction Fund, a 
government fund managed 
by the Department of the 
Environment and Energy 
and the Clean Energy 
Regulator that supports 
companies, farmers and 
land managers to 
implement measures to 
reduce emissions; 
measures generate 
Australian carbon credit 
units (ACCUs) that can be 
sold to the Government or 
companies as reduction 
certificates. 

● CSIRO Hydrogen Roadmap 
(2018) aims to encourage 
the industrial sector to 
carry out demonstration 
and industrial projects 
defining government 
measures to develop the 
market, including the 
development of pending 
regulation. 

● “Gas Vision 2050” 
Roadmap (2017) developed 
by key industrial companies 
to define methods of 
decarbonization of gas 
infrastructure, including 
green H2 as an option (next 
to biogas and CCS); 
progressive development: 
pilot projects by 2022; 
scaling up of H2 injection 
into gas distribution 
networks in 5-20 years; 20-
40 years: potential 
conversion of whole 
network to biogas and 
green hydrogen. 

● Interactive hydrogen map 

● EU Emission Trading System 
(EU ETS), the main 
instrument for reducing 
emissions in the EU since 
2005, implemented in 
Germany; Third trading 
period of emission 
reduction certificates from 
2013-2020 includes intra-
European air traffic. Prices 
of certificates with high 
fluctuation over recent 
years, an average price of € 
23 / ton is projected for 
2019-2030. Falling cap 
(maximum amount of CO2 
emissions at European 
level), fourth period of 
2021-2030. 

● Carbon Tax currently under 
discussion. 

● Incentive mechanism: for 
2017-2019 Government 
provided 250 million euros 
financing applicable to 
vehicles (road, rail, water) 
and special vehicles in 
logistics, as well as the 
associated hydrogen fueling 
infrastructure. In addition, 
electrolysis plants to 
produce hydrogen and non-
stationary cogeneration 
plants, and energy supply 
for critical or isolated 
infrastructures of the 
power grid. 

● Initiative "Reallabore der 
Energiewende" (real 
laboratories of 
transformation of the 
energy system): focused on 
"technologies of coupling of 
hydrogen sectors and 
technologies" and "large-
scale energy storage in the 
electricity sector"; 
objective: accelerate the 
transfer of technology and 

● California Air Resources 
Board: entity of the 
Government of California 
responsible for improving 
air quality in the State, 
through multiple incentive 
mechanisms: 37 hydrogen- 
related programs published 
on the US Department of 
Energy - Alternative Fuels 
Data Center website. Main 
driver: improve air quality 
by introducing different 
types of alternative 
technology vehicles (both 
fuel cells and electric 
batteries).  

● Investment of 31 million 
USD by Department of 
Energy for its H2 @ Scale 
Initiative for R&D activities, 
9 millionUSD of the total 
for advanced storage 
technologies, 12 million 
USD for innovative H2 
production and application 
concepts, and 10 million 
USD for pilot projects in the 
field of fuel systems. 

 
So far, according to the CHBC 
contact interviewed, there is no 
relevant regulation or standard 
in California or the USA that 
deals with electrolysers to 
produce H2. 
 

https://www.centreforpublicimpact.org/case-study/carbon-tax-australia/
https://www.energynetworks.com.au/sites/default/files/decarbonising_australias_gas_networks_december_2017.pdf
http://location.sa.gov.au/HydrogenPotential1/
https://afdc.energy.gov/
https://afdc.energy.gov/
https://afdc.energy.gov/
https://www.energy.gov/sites/prod/files/2019/02/f59/fcto-h2-at-scale-handout-2018.pdf
https://www.energy.gov/sites/prod/files/2019/02/f59/fcto-h2-at-scale-handout-2018.pdf
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developed by the 
Government of South 
Australia: supports 
investors and project 
developers to identify 
locations potentially 
suitable for hydrogen 
infrastructure in South 
Australia. 

● Australian Institute of 
Future Fuels Research 
Cooperative Research 
Center (FFCRC) announced 
investment of more than 90 
million USD in R & D to 
support transition of 
Australia's energy 
infrastructure to low 
carbon fuels such as biogas 
and hydrogen. 

● Government renewable 
energy agency ARENA 
grants funding to 
demonstration projects of 
both renewable energy and 
green H2. 

 

innovation from research to 
practice. Financing planned 
up to € 100 million per year 
for 2019-2022. 

● European Law AFID 
(2014/94 / EU): creation of 
fueling infrastructure for 
alternative fuel vehicles; 
not only H2, but also 
biofuels. Specific regulation 
for the use of newly 
developed H2, through the 
initiative of the Association 
of Gas and Water Network 
Operators (DVGW). 

 
 

Functional ● Occupational (Health and 
Safety Regulation 
Workplace Health and 
Safety Regulation 2012) 

Objective: Protection of 
employees against health, 
safety and welfare risks in 
workplaces. Plants / higher risk 
operations require specific 
security licenses and 
assessments for safe operation. 
 
● Dangerous Substances Act 

2017 
● Australian Dangerous 

Goods Code, ADG: based 
on Exemplary Regulations 
of the United Nations on 
the Transport of Dangerous 
Goods. 

Objective: define the technical 
requirements for land transport 
of dangerous goods by rail or 
road. 
 

● European ADR regulations: 
Criteria to be met for the 
international transport of 
dangerous goods by land; 
H2 regulated in ADR 
annexes, currently being 
updated, is expected by 
2021. 

● Transport of H2 gas in 
bottles / cylinders: 
regulated by ISO 11119-1 to 
-3 (cylinders up to 450 L) + 
ISO 11515 for large-sized 
cylinders (up to 3,000 L). 

● ISO / FDIS 17519: 
regulation of the 
construction, production 
and revision of large fixed 
cylinders for transport with 
volume up to 10,000 L and 
pressure up to 100 Mpa.  

 
● German safety technical 

standards TRBS for 
operation of equipment 

Generation, installation, 
storage, transportation via 
pipelines, use and handling of 
hydrogen in the form of 
compressed gas or liquid form:  
● Hydrogen Technologies 

Code NFPA 2 (published by 
the National Fire Protection 
Association (NFPA)). 

● NFPA 2 (2011): Hydrogen 
Technologies Code 

● NFPA 55 (2013): Code for 
compressed gases and 
cryogenic fluids 

● NFPA 70 (2014): National 
Electrical Code (NEC) 

● NFPA 853 (2015): Standards 
for the installation of 
stationary fuel cell systems. 

 
● Manufacturers of fuel cell 

vehicles must meet safety 
standards of the Society of 
Automotive Engineers 
(SAE); SAE has several 

https://www.unece.org/fileadmin/DAM/trans/danger/publi/unrec/rev19/Rev19s_Vol_I.pdf
https://www.unece.org/fileadmin/DAM/trans/danger/publi/unrec/rev19/Rev19s_Vol_I.pdf
https://www.unece.org/fileadmin/DAM/trans/danger/publi/unrec/rev19/Rev19s_Vol_I.pdf
https://www.unece.org/fileadmin/DAM/trans/danger/publi/unrec/rev19/Rev19s_Vol_I.pdf
https://www.nfpa.org/codes-and-standards/all-codes-and-standards/list-of-codes-and-standards/detail?code=2
http://www.sae.org/
http://www.sae.org/
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● AS 2885 on gas and liquid 
oil pipelines. 

● AS 4645 on gas distribution 
networks. 

● AS 4041 on transport by 
pressure pipelines. 

● AS 1210 on pressure 
vessels. 

 
Gap: H2 is included within the 
category of flammable gases, no 
specific mention is made. 
 
Standards Australia 
recommends adopting 
international standard ISO 
11114-4: 2017 (on gas transport 
cylinders) 
● Gas Supply Act + National 

Gas Law, 1997 
Objective: provide efficient and 
economic gas supply; consumer 
protection. 
AEMO GAS QUALITY 
GUIDELINES  
Gap: Hydrogen is not 
specifically mentioned in these 
laws; its specific inclusion is 
pending. 
 
Existing standards that could 
include H2 regulation: 
AS 2885: Pipelines - Gas and 
liquid oil 
AS4645: Gas distribution 
networks 
AS 4568: Preparation of a safety 
plan for gas networks 
AS4564: Specification for 
general use of natural gas  
AS / NZS 5263.0: General 
requirements for gas 
applications 
AS / NZS 5601.1: General gas 
installations 
AS 3814: Gas application in 
industrial and commercial area  

with safe hydrogen: 
TRBS 1111: Risk assessment; 
TRBS 1112: Maintenance;  
TRBS 1122 and 1123: 
Modification of equipment; 
TRBS 1201: Means of operation 
for equipment / plants that 
require continuous supervision; 
TRBS 2141: Management of 
steam and pressure hazard 
locations;  
TRBS 2152: Atmospheres with 
danger of explosion;  
TRBS 2153: Avoidance of fire 
hazards due to electrostatic 
voltage;  
TRBS 3145: Handling of mobile 
pressure containers;   
TRBS 3146: Handling of fixed 
pressure containers;   
TRBS 3151: Avoidance of fire, 
explosion and pressure hazards 
in gas stations and gas loading 
plants for land vehicles. 
 
GTR (Global Technical 
Regulation) 13 “phase II”: 
adopts international regulations 
UNECER134 that regulates 
requirements for vehicles with 
fuel cells, in development 
(expected to be in place in 
Europe in 2020). GTR 13 will 
replace European standards EC 
/ 79/2009 and EU / 406/2010. 

standards: 
- For vehicles with fuel cells: 
Hydrogen Fuel Quality for Fuel 
Cell Vehicles J2719-201511 
- Best practices for crash testing 
of fuel cell vehicles and hybrid 
electric vehicles: SAE J1766 
- Best practices for measuring 
fuel consumption of fuel cell 
vehicles: SAE J2572 
- General best practices for 
safety of fuel cell vehicles: SAE 
J2378 
- Standard for fuel systems in 
fuel cell vehicles: SAE J2579 
- Vehicle supply connection 
devices with compressed H2: 
SAE J2600 
- Supply protocols for light 
vehicles with gasified hydrogen: 
SAE J2610 
- Recommended Practice for 
Testing Performance of PEM 
Fuel Cell Stack Sub-system

8
 for 

Automotive: SAE J2617 
- Hydrogen Quality for fuel cell 
vehicles: SAE J2719 
- Communication Systems and 
Software for H2 fuel cell 
vehicles: SAE J2799 
 
● Also relevant in safety 

context in fuel cell vehicles 
in USA: FEDERAL MOTOR 
VEHICLE SAFETY 
STANDARDS AND 
REGULATIONS from the 
U.S. Department of 
Transportation. 

● Federal regulations for 
injections of natural gas 
“and other gases” into 
pipelines as well as their 
construction requirements: 
TRANSPORTATION OF 
NATURAL AND OTHER GAS 
BY PIPELINE: MINIMUM 

                                                           
8
 A fuel cell stack sub-system is defined as the set of membrane electrode assemblies (MEA), current collectors, 

separating and cooling plates, valves and support structure; this includes the cooling means, inert and exhaust gases and 

oxidants; electrical connections for propulsion; equipment for monitoring electrical charges and cell voltage; 

humidification equipment; instruments for measuring the operation of operating conditions; ventilation systems. 

https://www.aemo.com.au/-/media/Files/Gas/DWGM/2017/Gas-Quality-Guidelines-Version-10.pdf
https://www.aemo.com.au/-/media/Files/Gas/DWGM/2017/Gas-Quality-Guidelines-Version-10.pdf
https://one.nhtsa.gov/cars/rules/import/FMVSS/index.html
https://one.nhtsa.gov/cars/rules/import/FMVSS/index.html
https://one.nhtsa.gov/cars/rules/import/FMVSS/index.html
https://one.nhtsa.gov/cars/rules/import/FMVSS/index.html
https://www.ecfr.gov/cgi-bin/text-idx?SID=f620ab44757ca4a3dc438cf2fe5c47a7&mc=true&node=pt49.3.192&rgn=div5
https://www.ecfr.gov/cgi-bin/text-idx?SID=f620ab44757ca4a3dc438cf2fe5c47a7&mc=true&node=pt49.3.192&rgn=div5
https://www.ecfr.gov/cgi-bin/text-idx?SID=f620ab44757ca4a3dc438cf2fe5c47a7&mc=true&node=pt49.3.192&rgn=div5
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Standards Australia 
recommends applying 
international standards: 
- IEC 62282-3-200 and -300 
(Fuel cell technologies). 
- ISO / DIS 19880 (Gaseous 
hydrogen - fueling stations). 
- ISO 22734: Hydrogen 
generators using water 
electrolysis process - Part 1: 
Industrial and commercial 
applications; Part 2: Residential 
Applications; 
- ISO / FDIS 14687: Hydrogen 
Fuel Quality, in development. 

FEDERAL SAFETY 
STANDARDS (§192.12) 

● H2 in fueling stations / uses 
in transportation sector: 
SAE “ Hydrogen Fueling 
Standardization” 

Detailed specifications of tanks, 
pipelines and other forms of H2 
storage, including pressure 
standards and materials: 
Electronic Code of Federal 
Regulations (USA). 
 

Source: Produced by this project. 
 

4. Sizing of national and international market opportunities 

In order to size up the market opportunities that exist, the current hydrogen market in Chile is analyzed 
(4.1), with a summary of the uses of hydrogen: in the electricity market (4.2), in the thermal sector (4.3) 
and in the sector of transport (4.4). Based on the technical potential for the use of hydrogen and its 
economic feasibility compared to conventional solutions, a national market potential is estimated up to 
2030-35 (4.5). Regarding the international market, market volumes 2030-35 are estimated based on 
international studies, estimating the possible share of Chilean green hydrogen in this market (4.6). 

In the following analysis, a distinction is made between commercial “merchant” hydrogen that is generated 
in one place and sold to customers through pipelines, tank containers or cylinder trucks; and “captive” 
hydrogen that is produced for self-consumption at the same place where it is produced. Another category, 
which is outside the scope of this report, is hydrogen generated as a “by-product” of industrial processes 
such as in the cellulose, salt, methanol and other industries. 

4.1 Current hydrogen market in Chile 

In Chile, the main current consumers of hydrogen are petroleum refineries, which use hydrogen in their 
hydro-treatment processes with the aim of producing sulfur-free fuels. We identified two large refineries 
that intensively use H2 as an input in their process, which they produce from natural gas, by means of SMR 
technology at the same location (“captive”). Another in situ industrial plant is the electrolyser run by Indura 
to produce Lirquen plate glass products. 

Aconcagua Refinery 

This unit has an H2 reformer with a capacity of 46,000 Nm3 / h, that uses SMR technology with an H2 
purification system. The generated hydrogen is mostly delivered to the refinery, in a contract with Linde 
that started in 2006. The surpluses generated are sold in the market for cylinders or large high-pressure 
tubes, which are filled in a packing station. Linde designed, built and operates the plant to supply hydrogen 
via an OTF (“Over the Fence”) model to the Refinery. 

 

 

https://www.ecfr.gov/cgi-bin/text-idx?SID=f620ab44757ca4a3dc438cf2fe5c47a7&mc=true&node=pt49.3.192&rgn=div5
https://www.ecfr.gov/cgi-bin/text-idx?SID=f620ab44757ca4a3dc438cf2fe5c47a7&mc=true&node=pt49.3.192&rgn=div5
https://www.energy.gov/sites/prod/files/2014/09/f18/fcto_webinarslides_intro_sae_h2_fueling_standardization_091114.pdf
https://www.energy.gov/sites/prod/files/2014/09/f18/fcto_webinarslides_intro_sae_h2_fueling_standardization_091114.pdf
https://www.ecfr.gov/cgi-bin/text-idx?SID=dacf89083d5fbb870cd2a0aae66a3078&mc=true&node=pt49.3.179&rgn=div5
https://www.ecfr.gov/cgi-bin/text-idx?SID=dacf89083d5fbb870cd2a0aae66a3078&mc=true&node=pt49.3.179&rgn=div5
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Bío Bío Refinery 

This unit has two H2 generating plants, the most modern of which has a capacity of 25,000 Nm3 / h. It 
opened in 2al hydr004, built by Sigdo Koppers and delivered to ENAP under a BOOT (Build-Own-Operate-
Transfer) approach after 15 years; the operation corresponding to ENAP. It does not have a commercial 
hydrogen refueling station. The other plant has a capacity of 6,000 Nm3 / h and operates intermittently. 

Lirquen plate glass 

This plant producing plate glass requires H2 in its production process. Currently the company Indura (Air 
Products) supplies the H2 from an electrolysis plant. This unit produces 200 Nm3 / h and its output is 
exclusively for Lirquen Glass. 
 
Table 10 - Existing hydrogen production plants in Chile (“captive”) 

Location Technology Capacity Construction Operation Use 

Aconcagua 
Refinery, ENAP 

SMR 46,700 m³/h 2006 by Linde By Linde, 
“over the fence” 
model 

Hydrotreating 
of fuels 

Bío-Bío 
Refinery, ENAP 

SMR 25,000 m³/h  

 

2005 by Sigdo 
Koppers 

By ENAP, 
“build-own--
transfer” model 

Bío-Bío 
Refinery, ENAP 

SMR 6,000 m³/h 1995 by Foster 
Wheeler 

Intermittently 

Lirquén plate 
glasses (Bío-
Bío) 

Electrolysis 200 m³/h 1996 by Indura Indura Plate glass 

Camp Cerro 
Pabellón 

Electrolysis n/a 2017 by Electro 
Power Systems 

ENEL/EPS  

Indura 
Graneros Plant 
(O`Higgins) 

Electrolysis n/a n/a Indura  

Nestlé Electrolysis n/a n/a n/a Hydrogenation 
of oils 

Sources: GIZ 2018, p. 70f, Corfo/Tractebel 2018, p. 147ff, industry sources.  

 

Taking an assumed a plant factor of 95% for the steam methane reforming plants (SMR) and the 
electrolyser in the Lirquén glass plant, it can be estimated that the production of hydrogen in Chile amounts 
to about 58.500 t H2 (1.950 GWh) per year. 

The hydrogen in cylinders market (“merchant”) is led by Linde, who distribute the gas in compressed tube 
trailers or cylinders. It can be estimated that 5% of the production of the Linde plant installed in the 
Aconcagua Refinery is supplied to the hydrogen market in Chile, for use in different applications. In total, 
the market for hydrogen use in food and metallurgy does not reach 1% of the market in Chile. 
 

Table 11 - National hydrogen consumption (excluding refineries, “merchant” market) 

Current consumers Nm³/month GWh/year  t/year Uses 

Watts 125,000  4.5  135 Hydrogenation of oils 

Lever 80,000  2.9  87 Hydrogenation of oils 



 

 
 
 
 
 
 

60 
 

Cilindros Air Products 30,000  1.1  33 Various 

Linde 30,000  1.1  33 Various 

Molymet 3,000  0.1  3 Deoxidation 

Air Liquide 2,000  0.1  3 Various 

Heat treatments 2,000  0.1  3 Bright annealing 

TOTAL 272,000  10 300  
Source: Estimates based on different industry sources. 

 

There are other sources of hydrogen in Chile that are generated as a by-product of different processes, and 
in some cases vented into the atmosphere due to having no internal “captive” use. Below are two cases 
that were identified in the process of this study: 

 Eka Chile (Talcahuano), a company that produces Sodium Chlorate for the pulp industry, generates 
hydrogen as a by-product in the electrolysis pools that are part of its process. It is estimated from 
its production of Chlorate (70,000 t / year), that the amount of H2 produced is in the range of 2,800 
- 3,000 kg of H2 / year. According to information on the company, this volume is used both in its 
own processes as well as sold to industries in the sector. 

 Methanex (Punta Arenas), a company with Canadian capital and a world leader in the production of 
methanol, has a plant in Punta Arenas to supply the Latin American market. Methanol is produced 
from NG, and there is a quantity of hydrogen that is produced as a by-product of the process9. It 
has not been possible to find out the volumes of H2 generated nor if it is used in any internal 
processes. 

The rest of the consumed hydrogen and its derivatives is imported. An initial indication is given by import 
data of the different ammonia derivatives by weight, adding up to 532 kt in 2018 (Chilean Customs Agency, 
2019). The next figure shows the contributions of the different derivatives. 
  

Figure 21 - Import of ammonia derivatives to Chile, 2018 

 
Source: Aduanas de Chile (2019). 
 

                                                           
9
 Information obtained from the annual reports of Methanex, available online: 

http://www.annualreports.com/HostedData/AnnualReports/PDF/NASDAQ_MEOH_2018.pdf 

http://www.annualreports.com/HostedData/AnnualReports/PDF/NASDAQ_MEOH_2018.pdf
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Regarding the production of anhydrous ammonia, which is used, for example, for mining explosives, 0.4t of 
ammonia is required to produce 1 ton of ammonium nitrate. If 0.18 t of hydrogen is required to produce 1 t 
of ammonia, a first estimate of the demand for hydrogen to replace imports of ammonia-derivatives is in 
the range of 90,000 tons of H2 per year. 

A comparison of the costs of hydrogen production through electrolysis and steam reforming processes, as 
provided above, reveals that the first projects can be expected to be feasible, for specific projects with ideal 
conditions for a use of green hydrogen, from the year 2025. These could be sites with high demand for 
hydrogen in regions with high solar potential that are far from the natural gas distribution infrastructure. 

For an approximation of the gas price of industrial customers in Chile, a current gas price for industrial 
clients is estimated of USD 9.1 / MBtu; the current average price of the Metrogas company. An increase in 
the price of natural gas of 1% per year is assumed, according to the rate expected by the Ministry of Energy 
for the cost of fuel. 
 

Figure 22 - Comparison of the costs of electrolysis with steam reforming (USD/kg) 

 
Source: Produced by this project. 
 

A project led by Enaex, one of the main producers of explosives in Chile, aims to replace the import of 
anhydrous ammonia through the production of ammonia locally, based on green hydrogen produced by 
solar energy in northern Chile. In order to produce 350,000 tons per year, the company plans to build a 
photovoltaic plant of 940 MWp and an electrolyser of 771 MW. The company expects the "Green 
Ammonia" project to be economically feasible after 2025, since the investment costs for water 
electrolysers are still very high. Currently (July 2019), the companies Enaex and Engie are kicking-off 
technical feasibility studies for this project. It should be noted that another key driver for this project is the 
decarbonization of the production process, a factor that is increasingly important in the mining sector. 

4.2 Hydrogen in the electricity sector 

In the electricity sector, two main options for the future uses of green hydrogen are being considered: (a) 
the large-scale and long-term storage of energy, and (b) the joint combustion with natural gas in power 
stations. 
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a) Storage 

In countries with high penetration of renewable energies such as Australia, Germany and some regions of 
the USA, investments in electric energy storage systems are booming, as a driver to increase the 
penetration of renewable generation, postpone investments in transmission and increase the safety of the 
system. For example, the world's largest energy storage system based on lithium batteries, of 100 MW / 
129 MWh, is in Australia (Neoen, 2019). In Germany, some 50 battery projects with a capacity of greater 
than 1 MWh of stored energy were set up between 2014-2018, the majority for participation in the 
frequency adjustment markets (FZ Jülich, 2018). With lithium battery storage costs of $ 0.10 / kWh on an 
industrial scale, it can be expected that ever greater amounts of energy will be stored in lithium batteries. 

In this competitive environment, the characteristics of hydrogen indicate that "power to gas" (PtG) 
technologies, based on water electrolysis processes, can have a relevant role in the storage of large 
volumes of energy for long periods with few charge and discharge cycles (DNV-GL 2019, page 31). In 
Europe, the use of hydrogen during the "dark doldrums"10 of winter, with very low photovoltaic and wind 
generation, is being discussed. For Chile, interesting cases of hydrogen use in the electricity sector may 
arise through storage in, for example, abandoned mining operations, to complement seasonal storage in 
reservoirs or contribute to the displacement of large blocks of renewable solar or wind energy towards the 
peak hours of electricity demand. The following table summarizes the areas of hydrogen applicability for 
storage in the electric sector, as a complement to lithium batteries. 
 

Table 12 – Comparison of hydrogen as an energy storage option 

 Advantages Disadvantages Applications Costs (2018, 2 MW) 

Lithium 
batteries 

▪ >95% 
efficiency 
(according to 
manufacturer 
data) 

▪ Competitive in 
terms of cost 

▪ Rapid project 
implementatio
n 

▪ Low gravimetric 
density 
(0,3 kWh/kg) 

▪ Very material 
intensive storage 

▪ Short-term 
storage, e.g. for 
back-up supply 

▪ Storage volumes 
<200 MWh 

CAPEX: 900 USD/kW 

OPEX: 24 USD/kW/y 

(Source: GreenCity 
Energy, tender 2018) 

Green 
hydrogen 

▪ High 
gravimetric 
density 
(33,33 
kWh/kg) 

▪ Underground 
storage 
possible 

▪ Low efficiency of 
electrolysis 
process (currently 
approx. 65%) 

▪ Long-term 
storage e.g. 
seasonal 

▪ Storage of high 
volumes possible 
(>200 MWh) 

CAPEX: 1,000 
USD/kW 

OPEX: 40 USD/kW/y 

(studies analyzed, 
see previous 
chapters) 

 

Historically, following the construction of large reservoirs in the central-southern region of the country, 
Chile has had a large energy storage capacity available from different hydroelectric plants to contribute to 
the electrical system. The storage capacity of the 7 main existing reservoirs for electricity production 
exceeds 6,500 GWh, where some of them have the capacity to store energy for months and even between 

                                                           
10

 Periods with little or no production of solar and wind energy due to a lack of irradiation / wind. 
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years (Laja reservoir). The reservoir capacity of the Chilean electrical system makes a great contribution to 
its economic operation and safety of supply, being both a source of flexibility and energy sufficiency. 

However, in the last decade, as shown in the following figure, there has been a decrease in average energy 
stored, which goes beyond the usual seasonal fluctuations or episodes of drought, reaching only 1,894 
GWh dammed in April 2019 (source: CEN, 2019). This fall is explained, in large part, by the extensive 
drought suffered by the central-southern area of our country, where most of these reservoirs are located. 
 

Figure 23 - Energy stored in reservoirs in the Chilean electricity system, between 1985 and 2019 

 
Source: Energía Abierta (2019). 
 

Because of the reduction in energy storage capacity, the picture above represents a huge challenge for the 
electrical system in terms of safety, costs and energy sufficiency. This situation with respect to the levels of 
reservoirs could persist over time, if new low-rainfall scenarios are realized that do not allow the recovery 
of the stored energy levels that existed at the beginning of the 2000s. This could be a great opportunity in 
the Chilean electricity system for the implementation of other forms of medium-long-term energy storage, 
which provide sufficiency and flexibility at a low operational cost. This might include solar concentrating 
power plants (CSP), long batteries duration and production of hydrogen. 

As mentioned throughout this report, the production of hydrogen and its subsequent use for power 
generation (Power to Gas) represents a good option for the storage of energy in large volumes and for 
similar periods to those achieved by hydroelectric reservoirs, contributing with sufficiency and flexibility to 
the National Electric System. In turn, if that hydrogen is produced in a renewable way, according to the 
alternatives presented above, it will offer the same low emission characteristics that hydroelectric reservoir 
plants currently have. 

More detailed analyzes of how different PtG projects can contribute to the flexibility and sufficiency of the 
electrical system should be carried out. This is considering the problem of a lower reservoir capacity 
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described above, together with other challenges that also present an opportunity for hydrogen in the 
electrical system, such as: increase in the penetration of variable generation; output of coal-based power 
plants based on coal; among others. This requires the realization of electrical planning and projection 
studies around the new installed capacity (such as those carried out in the Long-Term Energy Planning 
process of the Ministry of Energy). 
 

b) Joint combustion with natural gas 

So far, the reintroduction of hydrogen into gas turbines is mainly discussed as a hydrogen additive to 
natural gas and in the form of ammonia as a fuel. For example, Siemens has incorporated hydrogen co-
combustion capacity of up to 40% for several gas turbines (Siemens 2017). According to Mitsubishi Hitachi 
Power Systems, a joint combustion with natural gas up to 20% is possible in existing turbines, up to 30% 
with adaptations (MHPS, 2018). For a 100% hydrogen burn in existing single-cycle natural gas turbines, the 
combustion chamber requires a more extensive retrofit (Alessandro Cappelletti 2017). Another technology 
for hydrogen-based power generation is the re-electrification of hydrogen in fuel cells in a process that is 
sometimes called 'reverse electrolysis'. However, the low current efficiency of fuel cells, of around 60% 
(expected to be 70% by 2030), is a factor which slows the competitiveness of this use in the medium term. 

A possible business model for hydrogen is for the generation of electricity during hours of peak demand. A 
calculation of the expected 2050 peak capacity costs for Europe was recently made, indicating that fossil 
generators could remain the most economical option for maximum capacity with a low number of hours of 
operation (below approximately 380 hours): "For installations that operate between 250 and 380 hours per 
year, natural gas simple-cycle gas turbines become the best option, since the higher CAPEXs are now 
compensated by lower fuel costs and operating costs. For units that are expected to operate more than 380 
equivalent hours of operation per year, the fuel cell becomes the apparent most economical option. 
Beyond 800 hours, the combined cycle gas turbine (CCGT) has the lowest level production cost "(DNV-GL 
2019, p38).  

For the Chilean case it is important to develop flexible electricity generation that can supply the peak 
demand of the system and is low emissions, both in local pollutants and greenhouse gases. This need will 
grow in the future due to the increasing electricity demand in the country, the recently announced closure 
of coal-fired power plants and the strong growth in variable renewable energy generation that is not able 
to provide supply during the peak hours of the system. 

Based on these considerations, a possible case can be identified for the use of hydrogen in the medium-
term electric system through joint combustion with natural gas, implying minor changes in the existing 
infrastructure. It is conservatively estimated that 6% of the natural gas used for power generation could be 
replaced by hydrogen, equivalent to a potential of 53,000 tons of H2 per year. 

In terms of the costs of hydrogen, these include the costs of the electrolysis process with inputs and an 
additional cost for the injection to the natural gas infrastructure, which is assumed to be in the same range 
as the cost for hydrogen compression. For the price of natural gas for electricity generation, a cost of USD 
9.1 / MBTU (2020; internal data provided by the Ministry of Energy, Chile) is assumed, equivalent to USD 
0.029 / kWh and a natural gas price increase up to 2030 with a CAGR of 1% per year according to 
projections of the Ministry of Energy. Considering the reduction of green hydrogen production costs in 
Chile and the costs of possible methanation as previously described, the replacement of natural gas by 
green hydrogen cannot be expected to be economically feasible before the year 2030. It should be noted, 
again, that these are rough estimates that indicate the approximate route towards an economic feasibility 
of the use of green hydrogen as a replacement for natural gas. 
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Figure 24 - Estimated costs of H2 versus natural gas for thermal electricity generation (USD/MBtu) 

 
Source: Produced by this project, based on the average price of water electrolysis and compression of hydrogen; 
industry sources of the price of gas for electricity generation (2019), and a CAGR 2019-2030 of the gas price of 1%. 

 

Finally, if you look beyond economic feasibility, other co-benefits such as the decarbonization of the 
electricity matrix, the reduction of imports of natural gas, and the reduction of emissions of atmospheric 
pollutants in the areas where gas-based power plants are located, are also factors that promote the 
production of "green" hydrogen to be used in a joint combustion with natural gas. 

4.3 Hydrogen in the heat sector 

An alternative use for hydrogen is its injection into gas networks. This is an option that is being studied in 
several countries, especially as an alternative to the use of renewable energy surpluses that cannot be 
transported or that, in general, are not used for various reasons. One of the advantages of this application 
is that it requires, up to certain percentages of injection, only marginal investments (e.g. connection to a 
gas pipeline), and the current infrastructure of gas pipelines can be used for its transportation, in the same 
way as biogas. From the above, an important discussion is on determining the maximum percentages of H2 
that can be injected into a network, and what the percentages applied nowadays in other countries are, 
depending on the respective regulations of each country. Below is a diagram showing this situation: 

 

Figure 25 - Limit for the injection of hydrogen into gas networks, by country 
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Source: ITM Power PLC. 
 

This figure shows that there are countries with a very low tolerance to the injection of hydrogen into the 
natural gas network, due to the use of this gas in applications where H2 content is strongly restricted (e.g. 
England, Belgium, Sweden), such as the use of NGV (Natural Gas Vehicles)11. On the other hand, in 
countries that do not have restrictions on the uses and applications of NG, the limits reach as high as 12% 
(The Netherlands) and 10% (Germany). In fact, in the latter, as a signal for the development of the 
hydrogen industry, studies and regulations are being worked on to extend this limit to at least 20%12. 

At a European level, the European Committee for Standardization (CEN) in cooperation with the European 
Association for the Streamlining of Energy Exchange (EASEE-gas) is working on a standard for gas in the EU. 
In this case, and due to NGV, the discussion is based on a tolerated level of addition of 2% of hydrogen. In 
the Chilean case, it is likely that the discussion will anchor around the values of the EU (2%), as a result of 
the use of NGV networks. 

 

National potential: 

According to the above, there is a potential within the level of tolerance for hydrogen that, in the case that 
it is competitive in terms of energy costs, can be injected into the network without any additional 
investment. This has greater economic sense if the following two restrictions are resolved: 
 

a) Lower hydrogen costs compared to the current purchase price of NG by distributors: as seen 
in the projection in the previous section, the price per MBtu of green hydrogen is still far from 
the current purchase prices of NG. While more precise calculations can be made taking 
transportation discounts into account, in the case that hydrogen is injected near consumption 
centers, the price differences are still - and will continue to be - considerable in the currently 
envisaged scenarios. This can be modified in scenarios where there are carbon taxes, or 
incentives for the development of hydrogen, such as feed-in tariffs for injection in gas pipelines.  

b) Generation of hydrogen at sites close to gas pipelines: due to the current high transport costs 
of hydrogen, in the initial stages of development of hydrogen injection projects, it makes sense 
to develop electrolysis projects in the vicinity of gas pipelines where surplus of existing 

                                                           
11

 ITM Power PLC. 
12

 Deutscher Verein für Gas- und Wasser (DVGW). 
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hydrogen can be injected into existing networks. The following are the main gas pipelines 
relevant to Chile: 

 

Although there are NG networks in other cities in Chile, such as Rancagua, Puerto Montt and Temuco 
(urban areas), the central, southern and northern areas could have advantages for the installation of 
hydrogen generation plants, where surpluses could be injected into the network. 

To measure the market, if residential, industrial (located mainly in urban areas) and commercial 
consumption are considered, there is a volume of NG consumption of approximately 1.573 billion m3 of NG 
per year 2017 (SEC). If it is possible to inject 6% hydrogen into natural gas networks, the national potential 
for this fuel is of the order of 31,000 t H2 / year. 

 

 

 

 

Figure 26 - Map of gas pipelines and injection points in Chile and Argentina 

Source: UC, Study “Dependency of the Chilean Electricity Sector on NG imported from Argentina”. 

 

4.4 Hydrogen in the transport sector 

4.4.1 Mining trucks 

In the mining sector, there is significant potential for the use of hydrogen, especially as a lever for the 
reduction of its carbon footprint, and to enable, in this way, "green mining". Among the most energy 
intensive activities is transportation: the diesel fuel consumption of the haul trucks within a mining works. 
These are operated 24 hours a day, with diesel consumptions that exceed the 3,000 liters per day. In this 
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context, the use of hydrogen is an attractive alternative to fossil fuels, since it has the following 
characteristics: 

 High energy density (over 33 kWh / kg) 

 Fast refueling (similar to NG) 

This makes hydrogen an interesting alternative to other sustainable options, such as lithium batteries, 
where the infrastructure requirement is limited to the size of the mining site (unlike the need for more 
extensive infrastructure that is required in the case of light vehicles). 

In Chile, this potential has already been identified, and there are several commercial technology testing and 
development efforts underway in public-private consortiums carried out through technological programs 
tendered and co-financed by CORFO. These include the "Dual Fuel Hydrogen-Diesel combustion system for 
Mining Haul Trucks" project between the company Alset, the mining companies CAP, BHP Billiton and Anglo 
American, and the universities Universidad Catolica and Universidad de Santiago, and the "Electromovilidad 
Minera Via Celdas De Combustible" (Mining electromobility using fuel cells) project of the Universidad 
Técnica Federico Santa María with the participation of Ballard and Linde, and various other institutions such 
as Frauhofer and the national hydrogen center of Spain. 

Ideally, hydrogen should be used as the only fuel, as is the case with Otto engines that have low efficiency 
with respect to diesel engines. However, in real terms and at present, the high flammability of hydrogen 
can be exploited by combining it in different proportions with conventional fossil fuels and thus improving 
the efficiency of combustion. The technologies of dual fuel engines include mixtures of liquid fuels (diesel, 
biodiesel, gasoline, ethanol) with hydrogen. 

In this case, although dual combustion technologies exist, the testing of prototypes and the adaptation of 
existing engines, or the manufacture of new trucks with these characteristics, are required. On the other 
hand, and at a later stage, the development of "in situ" hydrogen production projects that can supply the 
hydrogen demand of a site becomes important. This is due to the high costs of transporting hydrogen, 
which reduce the viability of its use at present. 

National potential is represented by the diesel consumption of the mining truck fleet, which is estimated at 
approximately 1,500 trucks, which consume about 1,200 m3 of diesel / year / truck13, giving an approximate 
consumption of 1.8 million m3 of diesel. According to interviews carried out with professionals of the 
mining sector involved in innovation projects, it is estimated that an attainable goal is to replace 10% of 
fleets with green hydrogen by 2030, equivalent to 55,440 t H2 per year (1,848 GWh); either by fuel cells, or 
by dual combustion. This is with consideration of the competition posed by other sustainable technologies, 
such as lithium batteries or direct electrification with overhead power lines. 

It is important to mention the existence of other sustainable alternatives that are at the pilot stage, such as 
haul trucks powered by lithium batteries like those developed by Kuhn Schweiz AG for Komatsu trucks. 
Although these trucks still have lower capacities (60 tons) and greater weight (111 tons), there are already 
plans to convert 8 trucks to these characteristics in the Cimients Vigier mine in Switzerland, so an increase 
in the capability and benefits of this type of vehicle is expected. 

Finally, one should consider the economic restrictions that make the massification of this technology viable 
related to the variable costs of the different technological alternatives. For the above, a projection of the 
variation of the effective cost of each technological alternative is carried out, that is, the cost of the energy 

                                                           
13

 Source: Alset (2019). 
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that effectively reaches the movement of the vehicle, once the efficiencies of the type of technology and 
transmission are considered. For the above, the following assumptions are considered: 

Hydrogen-based Fuel Cells 

 Fuel cell conversion efficiency (H2 => electricity): 60%14, which rises to 70% by 2030. 

 Electric motor efficiency: 85%, which rises to 88% by 2030 as a result of the massification of 
technology and developments. 

Diesel internal combustion engine: 

 Internal combustion engine efficiency: 30%15 that remains at that level, since this is a mature 
technology 

 Cost of transport and marketing: remains at the current values of $ 55 / liter 

 Projection of diesel prices: rise from 559 USD / m3 in 2020 to 712 USD / m3 in 2030 (0.053 USD / 
kWh to 0.067 USD / kWh)16. 

General assumptions: 

 Hydrogen price projection: fuel is compressed at the refueling site (installation in situ), according to 
the projections described above. 

 Only variable costs are considered. The annualized cost of over-investment of technology in this 
analysis is not considered. 

 

Figure 27 - Comparison of projected effective cost per kWh of H2 and traditional mining trucks 

 

Source: Produced by this project based on information from Minenergía. 

 

According to the above graph, in terms of variable cost per effective kWh a decrease in the effective 
variable cost of mining trucks is forecast, as a result of both the decrease in the price of hydrogen, as well 

                                                           
14

 Source: Acatech (et al) (2017ª) 
15

 Source: Acatech (et al) (2017ª) 
16

 Source: Minenergia projections. 
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as the increase in the efficiency of fuel cell technology. Under the assumptions set out above, the effective 
variable costs of hydrogen with fuel cells are already competitive with diesel from the year 2020. 

4.4.2 Intercity buses and trucks 

Another interesting market to analyze is that of intercity buses and trucks. Like the case of mining trucks, 
they share the advantages that hydrogen has over sustainable alternatives such as lithium batteries, due to 
its higher gravimetric energy density (33.3 kWh / kg versus 0.25 kWh / kg of lithium batteries) that allows 
greater travel autonomy without refueling, and fast refueling times. 

Currently, buses with fuel cell technology are at the commercial stage and entering markets via the 
implementation of public policies in different countries. For example, in the case of the European 
community, by 2020 600 hydrogen buses will be in circulation (of which, 200 will be in Denmark17), and in 
the case of California, there are already 34 buses in circulation, with 37 new ones due to be incorporated in 
the coming months18. 

In the case of road trucks, these are at an earlier stage (prototype), being developed through various 
projects driven by manufacturers. One of these has been the project developed by Toyota and Kenworth 
that involves 10 trucks for the transport of goods between California and the ports of Long Beach. 

One of the challenges that fuel cell technology faces is its high cost compared to other alternatives. For 
example, in the case of urban buses, electric buses with lithium batteries cost in the order of 100,000 USD, 
compared to fuel cell buses whose cost is around 400,000 USD (according to the website alibaba.com). On 
the other hand, although they are competitive in terms of variable cost with respect to traditional options 
(diesel) from the year 2024-202519, lithium batteries are also a very competitive alternative, but one which 
requires greater infrastructure and longer refueling times. 

In terms of national potential, according to the figures provided by the Ministry of Energy, the theoretical 
potential of intercity cargo transport is 5,850 teracalories (or 6,802 GWh / year) and 5,092 teracalories (or 
5,920 GWh / year) for the case of intercity passenger transport, which gives a theoretical total potential of 
12,722 GWh / year. It is estimated that 10% of the market can be penetrated, but that fuel cell technology 
competes with other sustainable options. Given this, it has an estimated potential of 38,000 t / year (1,272 
GWh). 

4.4.4 Aircraft and ships 

Other mobility sectors that could be suitable for hydrogen-powered propulsion are aviation and the 
maritime industry. Since the 1960s, hydrogen has been used as fuel for rocket propulsion, for example in 
the Apollo programs. Another area of research is around the use of hydrogen as a fuel for the aviation 
industry. Different prototypes have already been developed, first for military use during the cold war. In 
2002, a German-Russian project aiming to develop an ecological reactor based on an Airbus A 310, was 
halted (Lehmann, et al., 2014 p.104ff).  

A consortium of companies and research institutions around the German Aerospace Center DLR developed 
a prototype of a passenger aircraft that is driven by a hybrid fuel cell system. The aircraft with four seats 
contains four PEMFC systems (PEM fuel cells) with a power of 45 kW, as well as lithium batteries of the 
same size and a storage capacity of 21 kWh. The long-term goal is to develop electric aerial taxis with up to 
19 seats for passengers.  

                                                           
17

 H2BusEurope program (2018) https://www.electrive.com/2018/10/14/600-fuel-cell-buses-and-H2-infrastructure-for-europe/ 
18

 US Department of Energy (DOE) (2018) https://www.greencarcongress.com/2018/10/20181027-doefceb.html 
19

 See figure 27, where the values used in the case of mining trucks can be compared with the same efficiencies. 

https://www.electrive.com/2018/10/14/600-fuel-cell-buses-and-H2-infrastructure-for-europe/
https://www.greencarcongress.com/2018/10/20181027-doefceb.html
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The use of synthetic fuels for aviation is still at the economic evaluation phase; for example, with hydrogen 
produced through the Fischer Tropsch process. The path towards a decarbonization of the aeronautical 
sector is not yet defined, but hydrogen or its derivatives have high potential in the medium and long term 
(Cerulogy, 2018). 

With respect to the maritime sector, there are also two paths for decarbonization enabled by hydrogen. 
One is the use of fuel cells, and the other is the use of synthetic fuels. However, as mentioned by the 
European Hydrogen Association: "To date, the only relevant option for the shipping industry is the use of 
liquefied natural gas (LNG) or compressed natural gas (CNG) as fuel for ships. In the maritime sector, fuel 
cells are being tested as energy suppliers for on-board power supply" (Hydrogen Europe, 2019). 

Under the E4Ships project, pilot projects and technical regulations are being developed for the maritime 
use of fuel cells (E4Ships, 2019). A recent study by the European Maritime Safety Agency (EMSA) analyzed 
the results of 12 fuel cell projects that have been carried out in recent years (EMSA, 2017). As for the 
replacement of the maritime bunker for synthetic fuels, bioenergy solutions are also being considered, 
because the requirements for fuel quality and energy density are much lower than in the aeronautics / 
aviation sector. 

4.5 Sizing the national market 

The national hydrogen market was sized based on the evidence and observations outlined in the previous 
chapters. The key criteria used to define this is technical feasibility in the medium term that does not 
require fundamental changes in the basic infrastructure of the country. 

According to the evidence presented in the previous chapters, the current demand for hydrogen in 2019, 
split by main sectors, is as follows: 
 

Figure 28 - Current hydrogen demand in Chile, by use 

 
Source: Produced by this project. 
 

Based on this, and with the objective of projecting growth potential, it is estimated that 100% of the 
current requirement for hydrogen in refineries and the import of hydrogen derivatives such as ammonia 
can be replaced by hydrogen produced through water electrolysis processes, using mostly renewable 
energy sources. In addition, 6% of the natural gas used for power generation can be replaced through joint 
combustion, and the injection of hydrogen into the natural gas distribution pipes for thermal use of up to 
6% seems realistic, since these require minor changes in the existing infrastructure.  

In the transport sector, it is assumed that 10% of the consumption of intercity bus and truck fuels, and the 
consumption of mining trucks, could be replaced by hydrogen (either by dual combustion and / or by fuel 
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cells), keeping in mind that there are other competing options for the decarbonization of these sectors 
(electromobility based on lithium batteries, electric systems for mining extraction trucks similar to the 
"Trolleys" system).  

All this national potential in the transport, energy and industrial sectors adds an energy value of hydrogen 
of 11 TWh per year, equivalent to 326 kt. This potential is equivalent to about 18% of the current hydrogen 
consumption in Germany of 1,800 kt. Assuming a production cost for green hydrogen of 2.3 USD / kg H2 in 
2030, the value of the market can rise as high as 750 million USD per year: 
 

Table 13 - Estimated national technical potential of green hydrogen by sector, by 2030/35 

  
Total 

national 
market 

Estimated 
penetration 

        

Uses GWh/year 
H2 2020 

contribution 
GWH/year t/year MUS$   

Refinery 1,950 100% 1,950 58,506 135   

H2 derived imports 3,000 100% 3,000 90,009 207 
NH3 for fertilizers and 
ammonium nitrate 

Natural gas co-firing 29,379 6% 1,763 52,887 122 
Limits for gas pipelines, without 
major investment, are 
considered 

Gas pipeline injection 17,000 6% 1,020 30,603 70 
Limits for gas pipelines, without 
major investment, are 
considered 

Mining (trucks) 18,478 10% 1,848 55,440 128 
Considers 10% penetration (dual 
combustion and/or fuel cells)  

Buses and trucks 12,722 10% 1,272 38,170 88 Considers 10% penetration 

  82,529   10,853 325,615 749   
 

Figure 29 - Estimated national technical potential of green hydrogen by sector, by 2030/35 

 
Source: Produced by this project. 

 

Assuming an electrolysis efficiency of 76%, an investment cost for photovoltaic plants of 657.20 USD / kWp 
in 2030, and a plant factor of 2,000 kWh / kWp per year, an estimated investment in 7.1 GWp of 
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photovoltaic plants can be anticipated, equivalent to 4.7 billion USD, to cover the electricity demanded for 
producing this amount of green hydrogen. With a plant factor of 30% according to the "off-grid" scenario 
(see above), a capacity of 4.1 GW of electrolysers is required, equivalent to an investment of 1.9 billion 
USD. In summary, an estimated investment level of 6.6 billion USD can be anticipated, to cover the 
potential national demand for green hydrogen in the year 2030/35. 
 

Table 14 - Estimated investment required to cover national hydrogen potential 

  National 

H2 production (GWh/year) 10,853 

Associated electricity demand (GWh/year) 14,280 

PV factor Chile (GWh year / GWp) 2,000 

GWp PV required for H2 production 7.1 

CAPEX Solar PV USD/kWp  657 

Investment cost PV, billion USD 4.7 

CAPEX Electrolysers USD/kW 472 

GWh year / GW with plant factor 30% 2,628 

GW electrolysers required ("off-grid") 4.1 

Investment cost electrolysers, billion USD 1.9 

Total investment PV & electrolysers, billion USD ("off-grid") 6.6 
Source: Produced by this project. 

A first approximation of the regional distribution of green hydrogen production based on renewable energy 
and potential demand centers, indicates that the most important production hotspot is in the north of the 
country. In this region, there could also be a relevant rise in demand from the mining sector, as well as for 
the joint combustion in natural gas power plants in the medium term. However, the most significant 
demand for current and future hydrogen is in the central zone. In order of magnitude, this is for refineries, 
use of fertilizers (NH3), in buses and interurban trucks, and, in the medium-long term, for joint combustion 
in gas plants and gas injection. However, due to the high degree of urbanization in the central zone, the 
potential for renewable energy - due to the limited availability of land - is lower than in more remote 
regions. 

 

Figure 30 - Estimated regional potential for the green hydrogen market 
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Source: Produced by this project 

 

4.6 Sizing the international market 

Most of the current worldwide demand for hydrogen comes from the chemical industry, primarily to 
produce ammonia. Another 25% of the demand comes from refineries, mainly for the hydrocracking of 
fossil fuels. Other industries such as steel or glass production consume a further 10%. This demand is met 
by 96% from fossil fuel sources, mainly from steam reforming. The following graphic summarizes the 
current demand and production of hydrogen worldwide (IRENA 2018, p13f). Similar values are reported by 
other sources (for example, Corfo / Tractebel, 2018, p122; Dechema, 2019). 
 

Figure 31 - Current global demand for hydrogen and source 
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Source: IRENA, 2018, p.13f. 

 

In 2015, the global demand for hydrogen was around 8 EJ (IRENA 2018, p31), equivalent to approximately 
2,200 TWh or 66,000 kt. According to estimates of the Hydrogen Council, an association that brings 
together companies that have an interest in the development of hydrogen markets, H2 demand can grow 
by 33,364 kt between 2020 and 2030. To date, there are few aggregate estimated of the use of hydrogen in 
industry and in different energy sectors worldwide. 
 

Figure 32 - Estimated growth in the global hydrogen market (kt) 

 
Sources: IRENA 2018, p31; Hydrogen Council 2017, p20; ETC 2018, p22.  

 

To measure the market potential for Chile, it is assumed that 10% of the additional demand up to 2030 can 
be supplied by green hydrogen from Chile. Additionally, it is estimated that 35% of Japan's demand for 
hydrogen supply (300,000 t / year) could be covered by Chile, and 20% of Latin America's ammonia demand 
(11,453 kt NH3, with a H2 requirement of 2,035 kt H2), since the region is an importer of ammonia from 



 

 
 
 
 
 
 

76 
 

other regions (e.g. Asia). Based on these considerations, it can be estimated that there is the potential for 
Chile to produce 3,800,000 t of hydrogen and derivatives for export by 2030/35. This is equivalent to 3% of 
the global hydrogen demand projected for this year. 

In financial terms, the estimated sales volume of hydrogen would be 10 billion USD / year, assuming a 
green hydrogen production cost of 2.3 USD / kg H2 in 2030 (LCOH as set out in Chapter 2). 
 

Table 15 - Estimated international technical potential of green hydrogen by sector, by 2030/35 

Destination 
Total market 

Estimated 
penetration   

t/year % t/year MUS$  Assumption 

Japan 300,000 35% 105,000 273 35% of the 2030 target (300,000 t) 

LATAM NH3 2,034,740 20% 406,948 1,058 
20% of the NH3 demand of Latin 
America 

Remainder 
33,363,33

6 10% 3,336,334 8,674 
10% of the additional worldwide 
demand in 2030 compared to 2020 

      3,848,282 10,006   
 

Figure 33 - Estimated international technical potential of green hydrogen by sector, by 2030/35 

 
Source: Produced by this project. 

 

Assuming an electrolysis efficiency of 76%, an investment cost for photovoltaic plants of 657.20 USD / kWp 
in 2030, and a plant factor of 2000 kWh / kWp per year, investment in 84.4 GWp of photovoltaic plants can 
be expected, equivalent to 55.5 billion USD, to cover the electricity demand for producing this amount of 
green hydrogen. 

With a plant factor of 30% according to the "off-grid" scenario, a capacity of 48.8 GW of electrolysers is 
required, equivalent to an investment of 23 billion USD. A required investment level of USD 78.5 billion can 
be estimated to cover the potential international demand for green hydrogen in Chile in the year 2030/35. 
This would be 26 percent of the current annual investment in renewable generation plants worldwide, 
which is around 300 billion USD per year (BNEF Global Clean Energy Investment). 
 

 

 

 

Table 16 - Estimated investment required to cover international hydrogen potential 
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Item Values 

H2 production, GWh/year 128,263 

Associated electricity demand, GWh/year 168,767 

PV factor Chile, GWh year / GWp 2,000 

Required PV for H2 production, GWp 84.4 

CAPEX Solar PV, USD/kWp  657 

Investment cost PV, billion USD 55.5 

CAPEX electrolysers, USD/kW 472 

GWh year /GW with plant factor 30% 2,628 

Required electrolysers ("off-grid"), GW 48.8 

Investment cost electrolysers, billion USD 23.0 

Total investment PV & electrolysers, billion USD ("off-grid") 78.5 
Source: Produced by this project. 
 

Figure 34 – Potential growth of the green hydrogen market in Chile towards 2035 

 

 
Source: Produced by this project. Based on the following assumptions: 2019 – cost of 2.1 USD/kg conventional H2; 
2030 – cost of 2.1-2.3 USD/kg green H2; PV CAPEX of 657 USD/kWp; electrolyser CAPEX of 472 USD/kW. 

 

4.7 Conclusions 

 At present, Chile produces and consumes around 58,500 t of H2 per year. 

 Considering only the national market (and considering future production of ammonia at the 
national level), a national market potential of 325,615 t / year can be estimated for Chile. This is 
equivalent to an increase in the current Chilean market of more than 6 times. 

 If Chile aims to supply part of the demand for hydrogen in other countries, such as Japan, and 
supply part of the regional demand for ammonia (NH3) and other emerging international sectors of 
application, by exporting green hydrogen or energy carriers such as NH3, this market can increase 

X6 X12 

2019 
Domestic market 

2030/35 
Potential domestic market 

2030/35 
Potential international market to 

be captured by Chile 

Value of H2 market: 123 MUSD/year 
 
PV installed 2019: 2.4 GWp (SEN) 

Value of H2 market: 684-749 MUSD/year 
 
Additional PV installed capacity: 7.1 GWp 
PV investment: 4.7 billion USD 
 
Required electrolyser capacity: 4.1 GW 
Investment: 1.9 billion USD 

Value of H2 market: 8,081-8,851 MUSD/year 
 
Additional PV installed capacity: 84.4 GWp 
PV investment: 55 billion USD 
 
Required electrolyser capacity: 48.8 GW 
Investment: 23 billion USD 
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about 12 times more by 2030-2035. This has the potential to reach production figures of around 
3.85 million tons of green H2 / year. 

 The most interesting sectors are those that already consume H2 (for example, refineries, companies 
that demand ammonia), as well as sectors with potential demand for new uses (for example, 
transport, thermal power sector, injection into gas networks). 

 Green hydrogen can be expected to be economically competitive with SMR hydrogen in the next 
decade, as the production costs of green H2 can drop from USD 3.9 / kg to USD 2.3 / kg by 2030, 
reaching the same level of production cost as grey hydrogen. 

 The global growth of the H2 market is largely driven by commitments to reducing CO2 emissions 
from various industrial processes and sectors such as transport, as well as the emergence of a new 
transport industry based on H2. 

 As the costs of green hydrogen production become close to those of conventional hydrogen, the 
production of green ammonia as a derivative of hydrogen produced by renewable energy sources 
becomes increasingly attractive. 

 Due to the low efficiency of internal combustion engines and the high cost of diesel, the 
replacement of diesel engines with electric fuel cell engines can be expected in the coming years. 
This assumes a cost of 0.24 US $ / kWh for traditional diesel engine at present, and 0.18 USD / kWh 
in 2022. The efficiency of the conversion of hydrogen to electric energy with fuel cells is currently 
around 60%, however an efficiency of up to 70% can be expected by 2030 (Acatech 2017a). 

 

5. Analysis of challenges for the electricity market 

The deployment of hydrogen generated by the electrolysis of water can bring huge challenges for the 
electricity market beyond the possible delivery of large-scale seasonal storage capacity or joint combustion 
with natural gas, which were discussed at length previously. 

First, if the case of "on-grid" systems to produce hydrogen are considered, as described above, the demand 
for electricity in the system increases with the connection of electrolysers to electricity networks. Although, 
any increase in electricity demand in the system presents a challenge from an operational point of view, in 
terms of identifying how to supply such requirements, a greater electrical consumption for the operation of 
electrolysis should be seen as an opportunity by the National Electrical Coordinator. This is because these 
new consumers have a "flexible" load curve, that is, they are consumers that could be subject to the 
operating parameters required by the National Electrical Coordinator (CEN). This could represent a new 
tool for the CEN that allows it to guarantee efficient operation of the system, for example, making optimal 
use of renewable generation in the event of surpluses. However, to fully capitalize on this opportunity 
there are also enormous challenges from the point of view of the electricity market; described below. It 
should be noted that the challenges described were identified based on the experience of the project 
consultant team in electricity market and system operation issues, and all of them are relevant for the 
Chilean case. 

5.1 Challenges of on-grid systems for the electricity market 

The "on-grid" systems considered in the study correspond to those projects to produce green hydrogen, by 
means of electrolysis of water, which received electricity supplied by their own photovoltaic plant alongside 
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withdrawals from the National Electric System. These present a range of challenges from the electrical 
system operation point of view: 

 Creation of regulations and norms for the electrical operation of hydrogen production plants: As 
previously described, "on-grid" hydrogen plants correspond to electricity consumers, following the 
same rules and regulations to which the other consumers of the system are subject. However, they 
can become active or flexible consumers, with a high capacity to respond to the needs of the 
system operator. This role, although it currently exists in the Chilean electricity system (e.g. 
Automatic Load Disconnection Scheme - EDAC), requires a redefinition, to accommodate 
consumers with high flexibility (e.g. at the second / minute level) as could be the case with "on-
grid" hydrogen plants. In this regard, the Ministry of Energy has announced that during 2019, a bill 
for Flexibility in the Electricity System will enter Congress, in order to promote projects that provide 
flexibility in the electricity market. Hydrogen production plants could play an important role in this. 

The role of hydrogen production plants, as suppliers of flexibility in the electrical system, has so far 
only been documented from a theoretical base, because there are not yet large projects that have 
an impact on the respective electricity market. However, the large electrolysers projects in 
development in other countries understand that, among the potential benefits of this technology, 
they can provide flexibility in the operation of the electrical system. 

Specifically, in the Refhyne project, which corresponds to a 10 MW electrolyser to produce green 
hydrogen that is currently under development in Germany, it is pointed out that one of its potential 
benefits is Grid Balancing. In the background of the project it is mentioned that an electrolyser can 
provide services to the grid, through a flexible operation capable of facilitating balance between 
electricity supply and demand (e.g. frequency regulation). The latter is seen as a possible tool to 
achieve the objectives of economic efficiency and electrical safety in the German network20. 

 Compatibility between the optimal economical operation of the electrolyser for the electrical 
system versus the optimal operation from the financial point of view of the owner of the 
installation: As stated above, an "on-grid" hydrogen production plant can be a flexible consumer 
for the electrical coordinator, with the potential to operate under the criteria of optimal system 
operation that the National Electrical Coordinator considers convenient. The latter may differ 
enormously from the criteria desired by the owner of the installation, which will always prefer the 
full utilization of the electrolyser and not to a level of utilization below that determined by the 
design. Given that, and building on information established in the previous chapters, it is essential 
that a hydrogen production plant can achieve high utilization of the electrolyser, to ensure its 
economic viability. This balance between the level of operation that is efficient for the electrical 
system versus the one that is most convenient for the owner of the project, represents one of the 
greatest challenges facing systems which aim to provide flexibility to the electricity market. This 
includes systems for the storage of energy and the active management of electricity demand. 

It should be noted that, at the international level, in the electricity markets where energy storage is 
incorporated in a meaningful way, the issue outlined above is resolved through the regulation 
implemented in each case. For example, in California during 2018, it was established that energy 
storage or flexible resources can provide services in any market segment21, however, they cannot 
participate in transmission and distribution segments at the same time. The latter, since it would 
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 Source: https://refhyne.eu/ 
21

 Source: https://www.utilitydive.com/news/california-regulators-broaden-rules-for-energy-storage/514916/ 

https://refhyne.eu/
https://www.utilitydive.com/news/california-regulators-broaden-rules-for-energy-storage/514916/
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hinder the match between the benefits for the owner of the energy storage project, with the 
benefits for the operator of the electrical system. 

 Economic recognition of the demand management role that electrolysers could perform as a 
complementary service: Since the electrical consumption of electrolysers has a certain degree of 
flexibility, the demand management that can be achieved through the installation of an “on-grid” 
hydrogen production system should be recognized as a service to the electrical system, requiring 
remuneration. This challenge is in line with the soon to be introduced Complementary Services 
regulation in the National Electric System, under which such a service should be recognized by the 
CEN. This aspect could represent an improvement in the profitability of on-grid hydrogen 
production systems, because production will no longer only generate a cost for the project but 
could also have a potential economic income. 

In other electricity markets, as is the case in the German case22, demand management in the 
system is seen as a benefit for its operation and as another source of flexibility. This is remunerated 
by the Independent Network Operator. The demand management service is remunerated 
independent of the size of the consumer or the provider of such complementary service. 

 Production of green hydrogen in plants that use electricity from the National Electric System: The 
main challenge facing "on-grid" systems that aim to achieve the "green" characteristic of hydrogen, 
relates to the ability to define power supply contracts that have the capacity to provide renewable 
energy during the hours that the respective photovoltaic plant does not operate. At present, a 
contract of this type is only capable of being delivered directly by a generating company that has a 
broad portfolio of renewable electricity generation, including hydroelectric and / or wind power 
plants. In the coming years it is expected that a greater number of companies will be able to 
provide contracts of this type, as new actors develop projects and expand their renewable energy 
portfolios. More detail on this theme is provided in chapter 2.3. 

5.2 Challenges of “off-grid” systems for the electricity market 

The “off-grid” systems described in this study correspond to hydrogen production plants by electrolysis, 
where the source of electrical energy is a photovoltaic solar energy project that feeds the electrolyser. As 
described above, these systems are not connected to the National Electric System. 

Since they are disconnected from the electric grid, off-grid projects do not present direct challenges for the 
electric system from the point of view of the production of green hydrogen and the operation of the 
respective electrolysers. Hydrogen will be produced only when there is generation from the respective 
photovoltaic plant. However, if the green hydrogen produced by "off-grid" systems will be used for 
electricity generation, there is a problem for the operator of the electrical system that does not know the 
availability of this energy and therefore has limited information on how power plants that use hydrogen as 
an input will operate. This creates the following challenges: 

 Creation of forecasting systems that track green hydrogen produced from "off-grid" systems: Just 
as the National Electrical Coordinator utilizes forecasts of the production of the system's renewable 
power plants, given that those systems allow it to operate the system safely, this entity should also 
have forecasts of the availability of green hydrogen produced by "off-grid" plants and which will be 
used for electricity generation. This will be subject to the variability of the respective PV plant, 
given that its production will not be continuous over time. As is the case with traditional thermal 
power plants (e.g. combined cycle based on natural gas), providing this information should be the 

                                                           
22

 Source: https://www.dena.de/en/topics-projects/energy-systems/flexibility-and-storage/demand-side-management/ 

https://www.dena.de/en/topics-projects/energy-systems/flexibility-and-storage/demand-side-management/
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responsibility of the operator of the plant using green hydrogen, including an indicated forecast of 
the availability and stock of energy. This will enable the CEN to determine if it is possible to 
dispatch this if it is required, and so include this source in its system operating schedule. Likewise, 
the frequency and time horizon under which these forecasts of hydrogen stock are produced for 
power plants that operate with this energy, must be determined as part of the respective electrical 
regulations. 

 Calculation of the unavailability of power plants that operate with green hydrogen from "off-
grid" systems: Closely related to the previous challenge is that, as part of its work, the National 
Electrical Coordinator identifies that power plants will not be available to be operated in certain 
periods of time, due to maintenance programs, failures and even shortages in the primary energy 
input (as in the case of some plants based on LNG). Accordingly, the Coordinator must have prior 
knowledge of the production level and stock of green hydrogen that is produced by "off-grid" 
systems and that will be used to produce electrical energy. 

 Compatibility with other uses of green hydrogen produced in "off-grid" systems: In line with the 
challenge described above, an off-grid green hydrogen production plant should clearly and in 
advance report how much hydrogen will be used for electricity production and other uses, such as 
its own consumption in transportation or the production of ammonia. For the purposes of 
operation of the electrical system, the National Electric Coordinator requires regulations or 
procedures so that they know the dispatch availability of a power plant that operates with this 
energy, as well as the declared variable cost of hydrogen. 

 Analysis of the flexibility of the power plants that operate with green hydrogen coming from 
"off-grid" systems: A power plant that operates with green hydrogen produced in a single "off-
grid" system, presents the challenge of correctly determining how flexible its power generation is, 
given that the supply of this energy can suffer interruptions due to the characteristics of an "off-
grid" facility. This entails challenges in the correct determination of the payments or effective 
remuneration that is provided for the services delivered by a thermal power plant that operates 
with hydrogen produced by a system of this type. For example, if there is a low availability of 
hydrogen and this cannot be dispatched during the peak demand hours of the system, this plant 
would be recognized as having low sufficiency of power and therefore the respective capacity 
payments would be reduced. 

5.3 Operation challenges of dual plant configurations 

Alongside the cases of off-grid and on-grid systems to produce green hydrogen, dual plant configurations 
are also an option. These also present challenges for the electricity market. Two configurations are 
considered for analysis: hydrogen production systems in joint operation with desalination plants; and 
systems that operate via wind and solar plants. 

5.3.1 Dual desalination / hydrogen production systems 

A possible configuration for green hydrogen production plants, is that of having their own water supply by 
means of a seawater desalination system, alongside electricity from a renewable source (either the "on-
grid" or "on-grid" approach described above). The main challenges for the electricity market of this type of 
dual systems are: 

 Renewable electricity supply to power the water desalination plant: In the opinion of the 
consulting team, a key challenge of having a dual configuration of hydrogen production 
accompanied by a water desalination plant, is that this installation will require a large amount of 
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electricity. Electricity is required to operate the water desalination plant as well as to operate the 
electrolyser, with both components having substantial energy demands. Given the large amount of 
electrical energy required, a dual desalination / hydrogen production plant must rely on a 
guaranteed supply, either through energy purchase contracts (the “on-grid” case) and / or a system 
of self-generation, sized to meet such requirements (the “off-grid” case). Guaranteeing an energy 
purchase contract alone is not enough, but, as mentioned above, this must also be competitive in 
terms of the price agreed for the system to be economically viable. 

 Technical considerations of the system connection, in terms of electricity: A challenge that is in 
line with that described above, in terms of the high demand for electricity from the dual plant, 
corresponds to the electrical installations required for the connection of a system that has such a 
high-power demand to the electricity network. This relates to the transformers, inverters, 
substations, among other equipment, that may be required in order to connect the dual plant to 
the national electricity system and satisfy its energy requirements adequately. These facilities, 
which must be designed correctly given the high connected power that a dual system of this type 
would have, must also be considered during the economic evaluation stages of the project, as 
these could affect the profitability of the hydrogen production system. Likewise, the dual system 
must be compared against the option of having a conventional external supply of water to produce 
hydrogen, under the conditions detailed in previous chapters. 

5.3.2 Dual wind / solar systems to produce hydrogen 

Another possible dual hydrogen production configuration is through the electrical supply of the hydrogen 
production system through off-grid wind and solar plants. The purpose of having a hybrid solar plant 
combined with wind, is to achieve greater continuity in the electrical supply of the electrolyser, improving 
its plant factor or time of utilization, given the challenges previously addressed. The challenges from the 
point of view of the electrical market for these types of dual systems are, in addition to those already 
described for "off-grid" systems, include: 

 Determination of the location of the hydrogen production plant: Given that a dual hydrogen 
production system with the described configuration should consider two sources of energy for the 
electricity supply of the electrolyser, the main challenge is to find a geographical point that 
presents good conditions of both radiation and wind. Although such conditions are achievable in 
some parts of northern Chile, this must also be aligned with the availability, and accessibility, of 
land (proximity to roads, for example). In addition to the challenge of finding suitable locations 
from the solar and wind point of view, the chosen location must be close to the demand for 
hydrogen (e.g. production of ammonia, transport, power to gas, etc.), in order to reduce associated 
transport costs, as well as having an available water supply to produce hydrogen. These conditions 
make the choice of an optimal location for a dual system with these characteristics even more 
restrictive. 

 Optimum design of the connected power plant: As described, the electrical supply of a dual 
system with these characteristics will be composed of a solar plant alongside a wind power plant. 
This must be properly sized in order to maximize the profitability of the project. As indicated in 
previous chapters, the capacity of the electrolyser must be adequately designed to meet the 
demand requirements and have a high utilization factor, and the photovoltaic and wind power 
supply units must be appropriately sized based on this design. Mistakes in the design of the 
capacity of either system could have expensive repercussions due to the high CAPEX of such 
components or as a result of the underutilization of the electrolyser due to a lack of electrical 
supply. 
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6. Identification of gaps 

Based on the diagnosis undertaken, and sources like the IEA, it is possible to identify and summarize a 
series of gaps associated with the development of the hydrogen market, which are analyzed and associated 
to the link in the related value chain.  

The detail of the gaps for each link is shown in the respective annex, here a summary of the most relevant 
is presented. 

Summary of gaps presented in the workshops 
 

Figure 35 - Main cross-cutting gaps in the value chain 

 
Source: Produced by this project. 

 

1.- The first cross-cutting gap - “Lack of information to support understanding of the potential of hydrogen 
as an energy vector” - addresses the lack of education, awareness and dissemination of information around 
the topic of hydrogen and its possible uses and benefits among stakeholders in those sectors where 
hydrogen could be integrated. Thus, for example, while there are actors in the mining sector who are 
already aware of the benefits and technological solutions for the use of hydrogen in this sector, this is not 
necessarily the case for refineries, industrial companies, logistics companies, freight transportation 
companies and intercity bus operators, all of which are currently consumers of diesel. 

2.- The second gap - “Lack of adequately trained human capital” - describes the need for professionals 
trained in the management of hydrogen along the value chain, that is, at the stage of its production, 
storage, transport and specific utilization. This includes meeting efficiency requirements, avoiding leaks, 
and ensuring safety, due to the characteristics of hydrogen, as a flammable gas. 

3.- The third cross-cutting gap - “Lack of specific regulation for H2” - refers to the fact that hydrogen gas is 
currently classified as an industrial gas but, for regulatory purposes, needs to be recognized as a fuel. This 
applies to hydrogen as well as to the materials or forms in which it is transported, such as ammonia, 
methanol or other. In addition, being a dangerous substance, specific regulation regarding its handling is 
required. 
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4.- The fourth cross-cutting gap - “Technical challenges in specific use sectors” – relates to technical 
challenges that arise with regards to the equipment when hydrogen is used as fuel in some specific 
industrial sectors or in the transport sector. For example, for a boiler that typically runs on natural gas, 
introducing hydrogen instead of natural gas - or mixing both gases - requires some technological 
adaptations. In the case of being used as fuel in the transport sector, in fuel cell or dual engines, 
technological changes to the engines of the respective vehicles are required. 

5.- The fifth cross-cutting gap - “Lack of financing models for industrial scale demonstration and RD&I 
projects” - recognizes that there are no specific financing models to carry out industrial scale and RD&I 
projects. In some other countries, such as Japan or Australia, the Government invests significant economic 
amounts in such projects. In order to carry out these types of projects in Chile, solid financing models that 
respond to the associated risks are required. 

6.- The final cross-cutting gap - “Lack of certification mechanisms / instruments for green H2” - is identified, 
since this aspect is key for the generation of incentives for the development of the demand and supply of 
green hydrogen and to deliver a commercial instrument to the companies / sectors that are shifting 
towards a 100% renewable fuel in the form of green H2. 

In addition, the IEA, regarding general, cross-sectoral barriers to the deployment of hydrogen, identifies: 

 Lack of understanding about the potential that H2 has as an energy vector due to an information 
gap that needs to be closed - for example, there are niche markets for its use, such as fork lifts and 
in the construction / housing sector where H2 can provide heat and electricity, but this knowledge 
has not permeated all relevant decision makers 

 Technical challenges in all sectors in which it is used, with the energy sector being the largest 
market. 

 Electrolysers of different sizes / capacities are required. 

Regarding the specific areas of the hydrogen value chain, the gaps identified can be summarized as follows: 
 

Figure 36 - Main gaps summarized by link in the value chain of production, storage and transport 
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Source: Produced by this project 
 

The gap “P1” relates to the current costs of producing green hydrogen (by electrolysis with electricity from 
100% renewable energy), which remain higher than the price of hydrogen produced by natural gas 
("conventional production"). However, from an environmental perspective the production of green 
hydrogen could be considered competitive, because the production by electrolysis using electricity from 
renewable energy sources does not generate CO2 emissions. 

The gap “P2” observes that although hydrogen production technologies are proven in the market, there are 
still no industrial scale demonstration projects in Chile to demonstrate the technical and economic 
feasibility of green hydrogen production through electrolysis under local conditions, minimizing the 
technological and investment risk. 

The gap “P3” refers to the fact that in the case where green H2 production is fed by renewable energy 
plants connected to the national grid (on-grid), the emission factor is currently not 100% green, since the 
electricity coming from the network electric comes from an electricity mix that is currently not 100% 
renewable in Chile. This is in comparison to green H2 produced using off-grid renewable power generation 
plants, where the electricity used as an input to the electrolysis process comes 100% from a dedicated 
renewable energy plant. 

For the storage link in the hydrogen value chain: 

“A1” identifies the need for technical, economic and commercial analysis of different hydrogen storage 
options nationwide, in order to detect the most efficient and feasible alternatives. 

“A2” describes the fact that in Chile there have been no technical assessments of the gas pipelines as a 
means of hydrogen storage, which is a requirement to be able to estimate the potential reinvestments, 
evaluations and business models regarding the scale and potential to store in the existing gas pipeline 
infrastructure. 

“A3” refers to the need for industrial-scale demonstration projects for storing hydrogen for use in electrical 
systems, in large quantities and in the medium- and long-term, in order to increase the constant supply 
capacity of the electrical system in the context of an increasing amount of intermittent renewable energy 
supply in Chile’s energy matrix. 

The gaps associated with the field of hydrogen transport include: 

“T1”: Hydrogen transportation costs are currently higher than natural gas transportation costs due to the 
low volumetric energy density of hydrogen, which requires the storage and transportation of hydrogen in 
high-pressure tanks, reducing its volume, or in a liquid form, via the conversion of hydrogen in the gasified 
state to an energetically intense liquid state. H2 is liquefied at temperatures of 252°C below zero. 

“T2”: In the case of needing to export green hydrogen to distant markets – for example, to countries with 
demand in Asia - specific vessels are required that meet all the relevant safety criteria required for the 
transportation of hydrogen in a gasified or liquid state. These ships are currently under development 
worldwide, but to date there are still very few options available. 

“T3”: In the case of transporting hydrogen transformed into ammonia or methanol, attractive energy 
carriers as they liquefy at less cold temperatures than H2, these substances will need to be transformed into 
hydrogen at the destination site. This implies an additional cost on top of the cost of the first process of 
converting H2 into ammonia or methanol. As for transport costs, these increase in correlation with distance. 
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In the field of final uses of hydrogen, a large number of gaps could be identified, due to the large number of 
options for its application, as detailed in the annex to this report. The most relevant gaps are described 
below by sector of use:
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Figure 37 - Main gaps by final use 

 
Source: Produced by this project. 

 

The gap “U1” refers to hydrogen use technologies in the field of mobility in the form of dual engines (for 
the use of hydrogen together with diesel fuel), or engines with fuel cells (which allow the use of 100% 
hydrogen). These technologies are currently at the development and optimization stage and it is 
anticipated that they will be available in the medium term. These technologies cover both urban and 
intercity buses, as well as mining trucks and vehicles for use in underground mines. 

Associated with this first gap, the gap “U2” addresses the requirement for the definition of specific safety 
regulations for the use of these technologies- This is in order to achieve efficiencies, avoid accidents and 
processes for dealing with malfunctioning technologies. International regulations and regulations such as 
those of the SAE, applied in California, can be used as inputs to close this gap. 

“U3”: In addition to a specific regulation in terms of safety, a specific regulatory framework on the use of 
green hydrogen in the transport sector is required, in order to stimulate its use. 

“U4”: When considering the use of hydrogen as a fuel, in some specific areas, such as the supply of 
hydroelectric plants, logistics supply systems are still lacking. 

Regarding the use of hydrogen as a means of energy storage, technical studies of gas pipelines and the 
definition of maximum percentages for the injection of H2 into NG networks or mixtures with other fossil 
fuels are required, as summarized in the “U5” gap. 

Gap “U6” refers to the lack of incentives for the use of green hydrogen as an industrial raw material, 
required for the production of food, glass, metals and ammonia, among others, in order to contribute, at 
the industrial level, to the realization of carbon neutrality goals and commitments adopted in Chile. 
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Conclusions on the gaps identified 

• The gaps identified for Chile generally coincide with the gaps described in the evidence relating to 
other countries. As such, the actions of the countries analyzed to address these gaps can serve as good 
examples for Chile. 

• Public support for industrial-scale demonstration projects are crucial for demonstrating the technical 
and economic feasibility of hydrogen use and to size-up its application. This in turn would have a 
positive effect in terms of managing risk and reducing production and technology costs. 

• The development of a plan for the formulation of regulations in Chile must go hand in hand with 
private companies who are able to identify which projects will be developed first. It should be 
considered that the development of norms and standards starts with private initiatives on projects 
prioritized by companies. 

• Interpreting national carbon-neutrality policies and goals at the delivery level, can be a useful guide for 
private parties when defining the aforementioned priority projects. 

 

 

7. Conclusions 

At the national level, Chile aspires to be carbon-neutral by 2050, a goal that requires the adoption of clean, 
zero-emission technologies, both in the thermal and electrical and transportation sectors. A promising 
route to decarbonization in these sectors that takes advantage of the great renewable energy potential 
that exists in the country, which allows the production of renewable energy at very low costs, is the 
conversion of electricity and water to hydrogen gas (H2) through the electrolysis process. In the case of 
“green” hydrogen, 100% electricity from renewable energy sources is used as an input. 

Many leading countries in renewable energy and R&D technologies are considering the production of green 
or renewable gases, and the related coupling of the energy sectors is taking off. The analysis of the national 
development policies for a green hydrogen market in Australia, California, South Korea, Japan, China, 
France, Germany and the Netherlands has shown that today there are already long-term national 
development strategies for this market, covering all possible hydrogen use sectors, in the case of Japan, 
Netherlands, France and Australia, or specific sectors, such as the transport sector in the case of California, 
Germany, South Korea and China. These last two countries have ambitious production goals for fuel cell 
technologies and vehicles that use this technology. 

Due to these developments at a global level, it is projected that scale effects will emerge, achieving 
reductions in the costs of the associated technologies (electrolysers and fuel cells). According to the 
analyzes carried out in this study, this will make it possible to produce green hydrogen in Chile at costs of 
around 2 USD / kg of green H2 by the year 2030. These estimates are shared by the International Energy 
Agency (IEA), which projects prices below 2 USD / kg green H2 under optimal conditions, taking advantage 
of the existing wind and solar resource in Chile. 

These projections, together with the need to decarbonize various industrial sectors in Chile, open a wide 
range of possible applications for green hydrogen in different fields. This includes the petrochemical 
industry (refineries); the ammonia production industry for fertilizers and explosives - which has a significant 
demand both nationally and in the Latin American region; the metal and glass industries; and the 
transportation sector, where hydrogen as a fuel tends to be considered as a complementary technology to 
other clean mobilization options such as electromobility based on lithium batteries. Hydrogen may also be 
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a feasible option to replace diesel fuel, especially in heavy-duty means of transport - such as trucks in 
mining - and long-distance transportation (intercity buses, for example). 

In this context, there are uses for hydrogen, which are already competitive - or within a short timeframe of 
being competitive – with conventional technologies and processes. This is the case with cargo 
transportation, where the use of fuel cells is competitive with diesel engines in terms of variable costs. 
However, there are other applications where progress must still be made, such as the use of hydrogen as 
thermal energy to replace NG. 

Considering these possible uses, the analysis presented in this study was carried out to estimate the 
associated market potential in Chile. It is estimated that this could increase by around six times compared 
to the country's current hydrogen demand of 59,000 tons per year, reaching about 325,600 tons H2 per 
year. This in turn has an associated market value that - assuming H2 costs of between 2.1-2.3 USD / kg H2 
per year in 2030 - amounts to 684-749 million USD annually. 

If Chile takes the decision to export green hydrogen to markets with demand such as Japan or other 
countries in the Latin American region, this potential market could grow by a further 12 times, reaching a 
production level of 3.8 million tons per year by 2030, with an associated market value of 8,081-8,851 
million USD per year (assuming H2 costs of between 2.1-2.3 USD / kg H2). One factor has the potential to 
enable this option is the infrastructure of existing ports throughout the country. 

The analysis of existing gaps for the development of the green hydrogen market has shown that there are 
several gaps both in terms of hydrogen demand, and in terms of supply. To structure the analysis of these 
gaps, they were organized along the value chain, differentiating between gaps associated with the 
production, storage, transportation and use of green hydrogen. This last stage of the value chain contains 
several specific gaps relating to the field in which hydrogen is used. It should be noted that a significant 
number of gaps are regulatory in nature: among others, there is a lack of specific regulation regarding the 
percentages of hydrogen injection to the permitted gas networks, as well as regarding safety aspects in the 
handling and use of hydrogen as a gas. The majority of the gaps identified are not only observed in Chile 
but internationally, where some countries - especially the countries analyzed within this diagnosis - are in 
the process of developing specific regulations and standards, taking into account international regulations 
of institutions such as ISO. When developing national regulations for Chile, these will be an important input 
to consider.  
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IV. CHAPTER II: THE PARTICIPATORY PROCESS  

1. Overview of the participatory workshops 

For the co-creation of the Strategy Proposal for the development of the green hydrogen market in Chile, 
the participation of relevant actors throughout the process was considered essential. To support this, aa 
stakeholder mapping exercise was undertaken. Based on this: 

- the most relevant companies / people were contacted for interviews as an input to the diagnostic 
analysis of the market, and 

- the key identified stakeholders were invited to a series of participatory workshops. 

This workshop series consisted of two stages / rounds: 

a) Workshop round 1: to define a “Shared Vision” for the development of the green hydrogen market 
in Chile. 

b) Workshop round 2: to identify possible market development initiatives and projects, based on 
Public-Private Partnerships, to be developed. 

In the first round of workshops a diagnosis of the market opportunities 

In the first round of workshops, the diagnosis of market opportunities around green hydrogen in Chile that 
was developed during the first stage of the project was presented. The objective was to build on this 
diagnosis, with group analysis by participants from different sectors from the academic, public and private 
spheres, to develop a shared vision for each selected region for how the market should develop. Based on 
this, a consolidated national vision was produced. 

The second round of workshops sought to work on the creation of different proposed initiatives that would 
allow the formulation of a strategy for the development of green hydrogen supply and demand in Chile. A 
further objective of these workshops was to motivate attendees to identify initiatives that they could 
commit to taking part in and so begin to materialize some concrete Public Private Partnerships that could 
be implemented as part of a market development strategy. 

Details about the delivery methodology as it was applied in each of the different workshops, as well as 
the preparation for these, can be found in the respective Annex of this report. In this section, the findings 
of the eight nationwide workshops are presented, specifically for the cities of Santiago, Concepción, 
Antofagasta and Punta Arenas. This includes: 

- The four regional visions proposed for the development of the market. 

- The national consolidated vision. 

- The different initiatives identified for the development of a national market development strategy, 
with proposals for the short-, medium, and long-term. 

The specific Public-Private Partnerships that emerged from this process are not published in this report, as 
they are commercially confidential in nature. 
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2. Stakeholder mapping and sociogram 

Through the analysis undertaken, it has been possible to identify a series of actors related to the hydrogen 
industry; whether they participate in some stage of the value chain or represent potential supply or 
demand. These actors, in both the national and international market, are analyzed in this Chapter. 

2.1 Overview of the analysis technique 

A sociogram is a graphical representation of the relationships between nodes or between actors. It is both a 
representation technique and an analysis tool, because it allows the exploration of aspects such as the 
location of each actor, their interrelations, and the general characteristics of the network. This makes it 
possible to visualize the structure of the relationships in a community or market (Reynoso, 2011). 

There are currently several techniques to represent networks. On this occasion we have opted for a 
stakeholder mapping approach that is an adaptation of the sociogram technique used in Participatory 
Action Research (IAP) where its use is well established and has been applied and discussed for a long time 
(Gutiérrez, 1999; Villasante, 1994). 

In this section, an overview is provided of the way in which this data is produced and interpreted. 

First, the actors are organized around two axes, according to the following criteria: 
 

Figure 38 - Methodology for the positioning of actors in a sociogram 

 

Source: Produced by this project, based on Ganuza, Paño, Olivarí, Buitrago and Lorenzana (2010). 

 

The axis of “Interest” is ordered from left to right and the axis of “Influence” or importance is structured 
from top to bottom. Thus, the map is represented by 12 quadrants, which determine the possible positions 
of actors. In turn, the different types of actor are represented by markers of different shape (outline) or of 
different colors (as in our case). 
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Actors are placed in relation to the topic on which the sociogram is being built. This central theme is that in 
which the actors take a position and is symbolically located in the lower left corner of the plane. In our 
case, this is the development of the green hydrogen market in Chile. 

Relationships between the different actors is also represented in the sociogram. These relationships can be 
of different types (collaboration, conflict, competition, etc.), and this is represented by different types of 
strokes. 

As such, the sociogram allows a reader to simultaneously see the number of actors, their distribution in 
terms of the subject of our interest, and the relationships between them. This enables different possible 
analyses, as we will see below. 

In our case, we have defined the positions on the map as follows: 

Very interested: Actors who have an explicit interest in the development of green H2 and have undertaken 
actions in this regard or have incorporated it into their institutional strategies 

Interested: Actors who have an interest, but who have not taken significant actions in this regard 

Indifferent: Actors who have no visible interest in the subject, but which it is anticipated could eventually 
express interest in this regard, or who have been suggested by other actors as being possibly interested 

Competitors: Actors that could be harmed by the development of the green H2 market in Chile and are 
perceived as likely antagonists to the deployment of the strategy. 

“Actors” are generically labelled as companies, study centers, regulatory bodies, etc. The following 
symbology is used to represent them: 

 Bidders: Actors who provide H2 

Customers: Actors who consume or demand H2 

Associations: Actors who regulate, promote or research H2  

Suppliers: Actors who provide related technological solutions 

As you will see, some of these actors are potential participants in the green H2 market. In this case, a red 
border is added to the colored shape. 

Finally, we have defined two types of relationship:  

 Market: refers to actors that are part of the same commercial space. They 
have competitive relationships between them, but they also have common 
interests that can facilitate the deployment of complementary actions. 

Collaborative relationship: refers to actors who deploy actions together. 

The data, both actors and of the relationships, have been collected through the evidence and literature 
review and the interviews carried out within the framework of the diagnostic process and have been 
analyzed by the consulting team. 23 

The global stakeholder map is as follows: 

                                                           
23

 The way in which information was obtained from stakeholders varied. In general, information on the actors was collected as part 

of the review performed for the market diagnosis. The information of the different preliminary interviews and the information of 

stakeholders provided by the Technical Board itself were also used. This information was compared against the data available on the 

network and each of the actors. 
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Figure 39 - Map of participants in the hydrogen market in Chile 

 
Source: Produced by this project.
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2.2. Considerations for data analysis 

The interpretation of sociogram data incorporates three levels of analysis: a descriptive level, a relational 
level and a strategic level. 

Descriptive analysis 

Consists of accounting for the elements that make up the sociogram. The following aspects are analyzed: 

 Number of actors or nodes that are represented: This consists of counting the actors that appear. 

 Types of actors: This relates to checking the type of actors that are most prevalent, as this provides an 
indication of the characteristics of the network. Usually a greater presence of institutions indicates 
vertical and centralized coordination, while a greater presence of organizations points to horizontal 
coordination and negotiations between actors.  

 Power level: This is a count of the number of actors of each type that are located at different levels of 
power. It provides information on the level of possibility for deploying certain actions to achieve the 
objectives and the level of importance attributed to actors.  

 Closeness or affinity: The data regarding the number of actors that are in each column of proximity is 
important for the design of strategies, but also for the description of the development of the analyzed 
field. It is important to analyze this together with the level of power. A map in which there are many 
related actors but with little power, is not that same as a map with a few actors in opposition but 
which are in the upper right quadrant. 

With these four elements, the network is sufficiently described in terms of the actors that compose it. 

 

Relational analysis 

This consists of interpreting the way in which the actors are linked. In general, it is about observing three 
things: 1) the effect of an actor's position in the network on their behavior; 2) the identification of 
subgroups in the network structure; and, 3) the nature of the relationships between the actors (CIMAS 
Network, 2015). 

The main concept used in this analysis is that of “Action Sets”. These are subnets or groups of actors that 
act together in a stable manner. They can be stable over time or coalesce around common tasks in an ad 
hoc, circumstance-specific way (Ganuza et al., 2010). As Villasante and Martín (2006) emphasize, the action 
sets in a network are not defined by characteristics or their themes, but by their links, the density of their 
relationships and trust. 

Eventually other concepts of Social Network Analysis, such as centrality, intermediation, closure or weak 
links, can be used if they contribute to the interpretation of the sociogram. 

 

Strategic analysis 

As you can see, the analysis of the sociogram data is permeated with a strong strategic component. It is 
about observing how the way the network is structured and provides clues on how to achieve joint action. 
This process can be summed up as trying to achieve a situation where “those with greater confidence in 
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themselves are able to win over those who are indifferent, to face those who are antagonistic” (Martín 
Gutiérrez, 1999, p. 137). 

2.3. Analysis 

At a descriptive level, the following distribution of actors is observed: 

Type of actor Quantity 

Suppliers 34 

Clients 44 

Associations 29 

Providers 13 

Total 120 

Most of the network is made up of customers or potential customers of H2, and suppliers. Likewise, most of 
the recognized actors are in the upper half of the sociogram, so it can be said that they are actors with a 
medium-high level of influence. Additionally, most of the actors are in related positions, whether interested 
or very interested. No opposing actors are recorded. 

Although in the first instance, SQM and the producers of lithium batteries were identified as potential 
competitors, the analysis of the Technical Committee considers them as complementary technologies. 
Accordingly, the maps developed do not identify them as competitors. 

However, by examining in detail the way in which the actors are in the plane, several elements that tend to 
qualify this first positive impression are noticed. The sector of the actors that show a high level of interest is 
made up of a segment of four suppliers and by a series of associations or public or private stakeholders that 
are promoters of 2. But the presence of clients or actors with a demand for H2 is almost nonexistent in that 
sector. The presence of providers of technology solutions is also scarce in the sector of very interested 
actors. In fact, most of the actors classified as having demand are in the quadrant of indifferent and with a 
low level of influence.  

This can be read negatively, as an indication of the absence of an H2 market, or in a more positive way, as 
an opportunity for developing an incipient market.  

Stakeholders tend to be positioned in a consistent way in each quadrant: In the upper left quadrant (very 
interested and very influential) there is a group of suppliers. In the quadrant of very interested and less 
influential actors, associations and promoting organizations dominate. In the quadrant of indifferent actors 
is the greatest concentration of potential consumers. 

Only the sector of stakeholders with a high level of influence has greater heterogeneity. This is the sector of 
the map that presents the greatest complexity and a greater number of links. However, supply and demand 
tend to be disconnected even in this area.  

The area with potential competitors has few stakeholders, mainly with activities linked to lithium batteries. 
It is possible to assume that the analysis should still be refined as to which competitors would see the 
development of green hydrogen as a threat. 

In general, the distribution of the actors is consistent with the observation that the market is at a very early 
stage of development. It is worth mentioning that a significant number of the mapped actors are potential 
actors who do not necessarily participate in existing H2-related exchanges. They are included in the 
mapping analysis precisely because of the need to build a Roadmap that considers potential future actors.  

A snapshot of the sociogram only considering the current actors, that is, excluding potential actors, is 
presented in the following figure. 
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Figure 40 - Sociogram of current actors in the hydrogen market in Chile 

 
 
Source: Produced by this project. 
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As can be seen, a significant number of suppliers and consumers are removed, while the number 
of associations and technology providers remains practically the same. This exercise suggests that 
the establishment of an H2 market requires the generation of demand. 

The analysis of the relationships between the nodes reveals some interesting elements. 

The first is the low level of links compared to the number of actors identified. It is a network with a 
low density of contacts, in other words, a "poorly connected" network. Although this may vary to 
the extent that the process progresses and the contacts between the actors become known in 
greater detail (through the strategy construction process), the lack of links points in the direction 
of a market which is not yet established in a structured way. 

In any case, the existing links do allow us to visualize some subsets of actors or “action sets”. 

Action Set 1 includes the current H2 suppliers. At first, they appear to be a group that has market 
relationships between themselves, but which is not very connected to other stakeholders. Given 
this, it might be considered the extent to which a “closure” effect can occur, that is, a group of 
actors with homogeneous visions that tend to have difficulties in deploying actions together with 
other groups that appear as outsiders. 

Action Set 2 includes private associations or government agencies that promote the use of H2 and 
have a presence in Chile. This appears to be the best-connected group both internally and with 
other actors in the network, including international. In the future, they will probably remain a part 
of the process. It is necessary to investigate the extent to which competition dynamics can occur 
between them. 

Action Set 3 is made up of the relationship between mining companies, energy companies and 
fuel companies. This may be an appropriate area for the generation of agreements or 
demonstration projects. It seems to be the only subgroup that connects stakeholders of different 
types. 

Action Set 4, although comprised of only a few actors, is important because it brings together 
companies that currently have a demand for H2. 

Action Set 5 is a grouping of different companies that may eventually have a demand for H2. They 
are potential customers, so it is probably advisable to try to outline specific types of demand that 
can be met efficiently. As we will see, development of the market will focus on informing and 
spreading awareness of the advantages of green H2 in this area. 

This mapping data already allow us to consider identifiable groups that can be called to participate 
in the later phases of the process, including mining companies, electricity generation companies, 
retail, gas companies and fuel companies as well as companies that currently produce H2. 

Finally, at the strategic level, some suggestions can be made based on network analysis, although 
it will be the subsequent process itself that will provide the keys to strategic decisions and 
priorities.
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Figure 41 - Action Sets in the sociogram of actors in the H2 market in Chile 

 
 

Source: Produced by this project. 
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Figure 42 - Potential strategies identifiable in the sociogram of actors of the H2 market in Chile 

 
 

Source: Produced by this project. 
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In general, the deployment of 4 differentiated strategies can be identified from the sociogram: 

 Suppliers and consumers (current or potential) in the sector must be connected (1). They are the 
nearest potential market. 

 Organizational actions with sector associations must be developed (2). The influence of these may 
increase if they have points of development in common. It is possible that the Roadmap itself 
serves to achieve this. 

 Dissemination actions aimed at potential clients in the sector must be deployed (3).  

 The construction of the strategy must ensure that it involves these actors (4), as their participation 
is central to the organization of the strategy. 

Finally, it is worth highlighting a caveat to this analysis. While the sociogram delivers a lot of information, 
we must be careful not to over-interpret the data. The mapping, as a process for identifying potential 
actors, interests and links, will be further improved up until the first calls for the participatory process. And 
the strategies, although they can be broadly derived from the mapping of actors, will be designed 
collectively with the same participants. 

The analysis presented is useful in that it gives us a first mapping of the work required and the status of the 
potential market of the green H2. This fulfills its function in the framework of this process, while allowing 
subsequent activities to be built on top of this structure. 
 

2.4. Identification of workshop invitees 

Based on the stakeholder map, a database was created for each of the regions, in order to convene 
professionals from companies and institutions that are representative of the different groups identified. 

The stakeholder categories are:  

 H2 demand (current customers, “interested” stakeholders) 

 Potential H2 demand (possible customers, “indifferent” stakeholders) 

 Renewable energy suppliers 

 Electrolysis process 

 Industrial gas sellers 

 H2 process (e.g. electrolysis/fuel cells/storage) 

 Natural gas sellers 

 Other technology providers 

 Relevant civil society actors (including trade associations) 

 Relevant public actors (Ministries, regional governments, Corfo) 

 Research (universities and technology centers) 

For each of these categories, a search was undertaken to identify specific entities to be invited. 

A distinction was made between national and international companies, with companies and research 
centers identified from the following countries: 

 Argentina 

 Australia 

 Austria 
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 Canada 

 Denmark 

 France 

 Germany 

 Japan 

 Norway 

 South Korea 

 Switzerland 

 UK 

 USA 

The international entities were sent an invitation on May 9 (2019), informing them of the dates of the 
workshop series. The only response received was from the Hydrogen Association of Argentina. The list of 
invitees can be found in the annex to this report. 

Of the national stakeholders, technology suppliers, mining companies, generators and retail companies 
were invited to attend. However, likely due to a perceived distance from the subject, ignorance of their 
relationship with potential opportunities or indifference, these stakeholder groups did not attend the 
workshops. Some of the relevant stakeholders invited were: 

Santiago:  
Mining: Collahuasi, Codelco, BHP Billiton, Antofagasta Minerals, Anglo American. 
Energy generation: AES Gener, Enel Green Power, Colbun, ECOPOWER SA, Transelec, Generadoras de Chile 
AG. 
Retail: Walmart. 

Concepción:  
Energy generation: ENEL (wind power), Colbun, AES Gener (wind power) 

Antofagasta:  
Energy generation: Enel Green Power,  
Mining: Antofagasta Minerals, BHP Billiton (Minera Escondida y Cerro Colorado), Codelco (Chuquicamata). 

A recommendation of this study is that awareness is strengthened in these groups in the future, in order to 
demonstrate the opportunities that exist for them around green hydrogen. 
 

3. Results of the participatory process 

The strategy proposal development process involved a series of participatory activities with relevant 
stakeholders from multiple disciplines that interact with the hydrogen industry. This included more than 
200 professionals, providing insight on the different visions and potential ideas for the development of the 
green hydrogen market in Chile. 

The following activities were undertaken: 
- Six sessions with Technical Committee for green hydrogen in Chile. 
- Interviews with four international experts (Germany, Australia, USA) 
- Interviews with six national experts. 
- Interviews with twelve companies. 
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- Four shared vision workshops (north, central, south and far south regions) 
- Four strategy co-creation workshops (north, central, south and far south regions) 
- One dissemination seminar for the preliminary strategy proposal 

 

3.1 Shared vision workshops 

Building on the first round of workshops, an overarching general vision was developed based on the four 
visions obtained in each of the regional cities. 

The shared national vision is: "To be recognized global leaders in the production, use and export of green 
hydrogen and its derivatives, through technological development, enabling a competitive market and 
harnessing the recognized renewable energy potential of the country, in order to contribute to the 
realisation of a sustainable society”. 

The elements of this vision include: 

 Priority development area: production processes for national use and export including 
technological development and adaptation and research.  

 This leads to a focus on the gaps in the value chain associated with production and storage, while 
considering gaps associated with demand and the various uses for green H2. 

 In addition, the gaps identified in the H2 transport process should be considered, as an enabling 
condition for export as well distribution for domestic use. 

This vision served as the basis for the following stage of the project: the co-creation of a National Strategy 
proposal for green H2. 
 
Figure 43 - Proposed national shared vision 

 

"To be recognized global leaders in the 
production, use and export of green hydrogen 
and its derivatives, through technological 
development, enabling a competitive market 
and harnessing the recognized renewable energy 
potential of the country, in order to contribute to 
the realisation of a sustainable society.” 

DEVELOPING A SHARED VISION 
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3.2 Strategy co-creation workshops 

During the strategy co-creation workshops, different ideas and initiatives were raised by participants that 
highlighted the different reasons to act (drivers), what could be done (solutions or value propositions), and 
the resources with which this could be achieved (how to implement these solutions and who should do 
this). Each of these was considered in the short, medium and long term. The following diagram shows the 
matrix which was utilized during the workshops and against which the attendees ordered their ideas.  

Ultimately, the ideas contained in this matrix were prioritized by the attendees, where each participant had 
six votes to be distributed among all the ideas according to their preferences.  
 

Figure 44 - Example strategy co-creation workshop matrix 

 TODAY SHORT TERM 

2019 - 2021 

MEDIUM TERM 

2022-2035 

LONG TERM 

2036-2050 

DRIVERS     

SOLUTIONS     

RESOURCES     

 

a. Consolidated results 

In total, 264 ideas were raised, focused mainly on the short and medium term (up to 2035), and in 
particular comprising solutions and drivers. This means that the reasons for acting and the ideas for 
implementing this urgency are understood by the participating industries. The total number of ideas per 
dimension (i.e. driver, solution, resources) and the number of ideas per timeframe (short, medium, long) 
for each of the cities are shown in the following graphs. 

 
Figure 45 - Total number of ideas identified, grouped by dimension 
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Figure 46 - Total number of ideas, grouped by timeframe, for each of the cities 

 
 

b. Data processing 

The method used for data processing was as follows: 

i. Ideas and votes are counted. 

ii. Voting is weighted by considering the number of ideas generated in each workshop versus the total 
number of ideas generated in all workshops. The score is corrected using this weighting factor, so 
that the total number of votes is equal to the % of ideas generated. The following table summarizes 
the percentages and factors for each of the cities. 

 

Table 17 - Interim results of the strategy workshops, including weighting factor 

City Total ideas % Votes Weighting factor 

Antofagasta 63 24% 142 1,27 

Concepción 41 16% 118 1,02 

Punta Arenas 46 17% 123 1,04 

Santiago 114 43% 367 0,88 

TOTAL 264 100% 
  

 

iii. The different ideas are analyzed, connecting ideas that are similar and grouping or relocating them 
if necessary (e.g. drivers that are also solutions). 
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c. General observations on the participatory process 

 Attendees were engaged and participated actively. 

 Both the subject and the process captured the interest of attendees. However, action is necessary. 

 The consolidated vision which was fed back was well received. Participants felt that the diversity of 
perspectives was captured. 

 The preliminary Action Plan is being taken seriously. There is a willingness to collaborate, network 
and move forward. 

 Leadership and continuity are required. 

 The inclusion of the regions in the strategy is valued and necessary. 

 

d. Drivers, solutions and resources identified in the regional workshops  

Below is a list of the drivers, solutions and resources proposed in the different cities, used as an input for 
the creation of the strategy. 
 

KEY: Santiago 

Concepción 

Antofagasta 

Punta Arenas 

 

DRIVERS 

 
Energy independence 

Long term Economic energy independence: cost effective 

Long term Energy independence 

Long Term Energy independence of Chile 

Long term Accelerated development of the country through energy independence 

Long term Independent energy 

Medium term Energy independence (medium / long term) 

Long term Energy independence 

 
Taking advantage of renewable energy potential 

Short term Solar + wind potential (renewable energies) 

Medium term Strategic resource of the country, taking advantage of this potential 

Short term Renewable energy potential 
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Short term Conditions for renewable energy to produce H2 

Short term Low cost renewable energy generation 

Medium term Production of cheap energy 

Short term Better use of renewable resources 

Short term Renewable energy potential in Chile 

Long term Use of the renewable generation value chain 

 
Positioning Chile in the green hydrogen market 

Today Feels urgent: there is a global race 

Short term Opportunity for positioning Chile in H2 market 

Medium term Becoming an international leader in the H2 value chain 

 
Climate change 

Today Climate change signal by the country (COP 25?) 

Medium term Climate change mitigation 

Medium term Climate change (short / medium term) 

Medium term Global warming and climate change 

Short term Climate emergency 

Short term Climate change 

 
Access to an international market for traceable green products 

Medium term "Green" products with traceability from Chile to the world 

Medium term Renewable energy, made in Chile and supplied to the world 

 
Economic diversification through green industries 

Medium term Diversification 

Medium term Economic diversification (industrial) 

Medium term A need to diversify energy sources, by cost or current source 

Short term Economic development opportunity for green industries 

   

SOLUTIONS 

 

Pilot projects 
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Medium term Delivery of pilots associated with regulation for each stage / niche / potential market. 

Short term H2 pilots: generation, storage, transport (transmission) and distribution 

Short term 

Delivery of pilots accompanied by regulation with a view to identifying requirements or possible 
regulatory modifications, that is: Public-Private collaboration. 

Short term Pilot technologies (solar- H2 connection, electrolysers). For example, by consortiums. 

Short term Develop pilot plans for H2 uses in different medium-scale areas (transport, industry) 

Medium term Pilot projects for local demand (fertilizers ...) 

Short term H2 generation pilot, it’s possible uses and transportation modes 

Short term H2B2 pilot + confidence 

Short term Pilot plant 

Short term Perform pilots: H2 production and uses 

Short term Pilots for H2 generation and storage 

Medium term Develop regional pilot projects 

Medium term Industrial pilots: production, storage, transportation and use (short / medium term) 

Short term Undertake H2 pilots 

Medium term Develop industrial scale technology pilots 

Short term Development of pilots 

 

Regulatory framework 

Short term Clear regulatory framework. Define safety and guidelines 

Short term Create clear regulatory framework to encourage investment 

Short term Regulatory (standard) 

Short term Develop a flexible regulatory framework, layers that support the H2 industry 

Short term Regulatory framework (solutions and resources) 

Short term Regulatory framework. Protect the resource 

Short term Regulatory framework: legal, technical and tax 

Medium term 

Legal regulations: clear, precise and in a way, which supports development of the labor market 
(short-medium) 

Short term Create enabling regulatory framework 

Short term Create regulatory framework 
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Short term Develop legislation 

Medium term Regulatory framework 

Short term Standard regularization, SEC inspections 

 

Human capital 

Short term Development of knowledge and critical mass of specialists 

Short term Human capital of Chilean technicians CFT + IP 

Short term Human capital 

Medium term Strengthen technical capabilities 

Today 

Generate technical capabilities (HR): internships, international agreements, specialized 
postgraduate degrees. 

Short term Specialized human capital 

Short term Train human capital 

Short term 

Identify necessary human capital skills throughout the chain. Training programs for technical / pre- 
and post- degrees 

Short term Develop and train human capital  

Short term Training 

 

Collaboration environment 

Short term Public-private agreements 

Short term Create a private-public-academic collaborative ecosystem to carry out R&D 

Short term Alliances: academia, Government and private 

Short term Generation of reliable networks between stakeholders and the value chain 

Short term Create public, private and academic governance 

Short term Create multidisciplinary (permanent) work groups 

short term Raise awareness of regional government in projects. 

 

Promote R&D 

Short term State subsidies for R&D (solutions and resources) 

Medium term Development of R&D around security 

Long term State funding tools for R&D 

Short term Promote applied research and development 
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Short term Applied research 

Short term Applied research and development 

 

Dissemination and social awareness 

Today Communication 

Short term Communication / dissemination around H2. Popularization. Information 

Short term Raise awareness in society 

Short term Communicate the benefits of green H2 to society 

Short term Raise awareness of renewable energies and green hydrogen in society 

Medium term Promote H2 society 

Today Educate society about green H2 

 

Storage and transportation 

Medium term Storage and transport 

Medium term Promote local industry through the development of transport and industrial process markets 

Long term Integration and infrastructure in transport 

Short term Alternative storage of H2 (pilot) 

Short term Start investigations for new storage states 

 

H2 policy 

Short term State incentives (clear signal) 

Medium term State policy 

Short term Generate regional H2 policy 

Medium term Generate regional H2 policy 

 

Technological development 

Short term Development of technology to achieve technical and economic feasibility 

 

RESOURCES 

 
Academic Public-Private Partnerships 

Today Promote public-private agreements. Minimize risks: economic, technological and legal. 

Today Creation of public and private discussion committees 
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Today State, academia and companies 

Short term 
Create an autonomous center for the development of the H2 industry that brings together: public, 
private and academic spheres 

Short term Technical working tables: society, industry and academia. Technology and standards portfolio. 

Today Regulatory framework. Public and private agreements 

Today Stakeholders: Public, private + universities / R&D centers 

Short term Public and private sector involvement 

Today Forming a public-private work team to develop technology 

Today 
Strengthening relationships: Regional government, sectoral, companies and academia = Corfo 
(today) 

Short term $: Regional government, private sector and energy companies 

 
Human capital training and development program 

Short term Capacity, competency and skills training 

Short term Financing for training courses abroad to develop specialists 

Short term Prepare seminars and workshop with international experts 

Medium term Training: Attracting capacities and development of training programs 

Short term Training in universities 

Short term Scholarships for postgraduate studies and internships. 

Short term Human capital training and development program 

Short term Human Capital: private sector, academia and companies 

 
Financing for investment 

Short term State financial support for projects. 

Medium term Financing R&D investment 

Medium term Infrastructure financing 

Medium term Access and ease of financing for RD&I investment 

Today Create a national climate change fund in which support for green H2 is eligible 

Short term Financing RD&I 

 
CO2 tax 

Medium term Mandatory regulatory CO2 / NOx emissions tax 
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Medium term Reform mechanism for charging CO2 tax to be by site operation. Not by technology 

Short term CO2 tax, favor H2 investments 

 
Tax incentives and subsidies 

Short term Economic incentives: public and private 

Short term Subsidies: new regulatory instruments (e.g. comprehensive development programs) and credits 

Short term Tax incentives for adoption and development of H2 

Medium term Capital: risk, company and Corfo 

Medium term Elimination of exemption from tax. 

Short term Tax incentives for R&D around use of H2. 

Medium term Tax incentives for the implementation of investments in green H2 (short-medium term) 

 
Create public institutions to lead 

Today Coordinating body 

Short term Institutionalize H2 

Short term Create a public-private body that leads the development of H2. 

Short term Implement an independent Ministry of Energy. 

Short term Implement a public-private-academia institutional framework. 

Short term Strengthen pro Chile or similar (market) 

 
Attract foreign investment 

Today Coordinating body 

Short term Institutionalize H2 

Short term Create a public-private organization that will lead the development of H2. 

Short term Implement an independent Ministry of Energy. 

Short term Implement a public-private-academic institutional framework. 

Short term Strengthen pro Chile or similar (market) 

 
Pilot financing 

Short term Finance pilot plans with public and private resources for medium-scale H2 uses 

Short term Generate pilot spaces 

Short term Pilot financing with resources derived from mining sector 
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e. Main results (ideas) for each city, according to timeframe 

i. CONCEPCIÓN 
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ii. PUNTA ARENAS 
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iii. ANTOFAGASTA 
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iv. SANTIAGO 

 

 
 
PARTICIPATORY PROCESS AND STAKEHOLDER NETWORK 

It is important to note that the information used as a basis for the stakeholder mapping was collected at 
the beginning of the consulting process, mainly as an input to describe the initial situation and facilitate the 
invitations to the workshop series. 

Likewise, the placement of the actors in the sociogram was based on the information gathered in the initial 
interviews, the business expertise of the consulting team, and the secondary information available. As such, 
one of the criteria for placing companies was the availability of information regarding initiatives on the 
topic of green H2. 

Although the study has not involved a second stakeholder mapping exercise, the information that came to 
light in the participatory process allows us to highlight out some changes regarding this initial mapping. 
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First, both the stakeholder interviews and the work carried out in the workshops showed that while in 
some cases specific initiatives had not been developed or such information was not publicly available, there 
were stakeholders who did have an interest in the subject and who had studied the possibility of carrying 
out initiatives in their sector. 

Secondly, the process of conducting the workshops and the exchange of opinions, ideas and information 
that took place there captured the interest of several participants. The methodology of the workshops took 
into account the possibility for facilitating these types of engagement and networking. 

In the evaluation survey of the first round of workshops, attendees were asked to provide references of 
other institutions or companies that they considered relevant to the topics discussed. These contacts were 
used to supplement the invitation list for the second round of workshops. 

In the second workshop, attendees were consulted on their willingness to remain active in the subsequent 
development of the strategy, indicating their position on a collaboration scale that defined four levels of 
involvement of different intensity, the weakest being passively receiving information about the strategy 
and the strongest being directly involved in specific projects or actions. 

The results of this question are as follows: 
 

Table 18 - Level of interest of workshop participants in further collaboration 

Form of collaboration Count % 

Receive information on strategy development progress 97 94% 

Attend work meetings 81 84% 

Collaborate as part of working groups 81 84% 

Be actively involved in specific projects or actions 75 74% 

 

Of the total number of respondents, 94%, equivalent to 97 people, expressed interest in receiving 
information on the progress of the Hydrogen Strategy, while 84% are willing to attend work meetings. A 
similar number expressed interest in taking part in in working groups, and 74% are willing to get involved in 
specific projects or actions related to green H2. 

These results show that the participatory process enable a change in the relationship between the actors, 
generating new connections between them. This creates a favorable situation for collaboration, which 
could be valuable, initially, as a network for the dissemination of the activities, challenges and 
achievements of the strategy. Eventually this could lead to the formation of working groups in each of the 
regions in which the workshops were implemented, built around some of the same stakeholders that have 
already indicated their willingness to collaborate in these activities. 

The initial analysis of the sociogram suggested the deployment of four strategies, and these were 
addressed, at least in an early way, by the participatory process: 

 The bringing together of suppliers and consumers is shown by the active participation of companies 
from different segments of the production chain in the workshops. 

 The organization of the associations of the sector is reflected in the importance given to the role of 
governance and also in the emergence of a shared vision and strategy that has the capacity to unite 
the approach, along with the clear leadership of the Solar Committee. 
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 The dissemination actions that were initially proposed are probably one of the most visible results. 
Not only was the status of green H2 elevated, but there is a network of actors willing to receive 
information and disseminate among their own peers. 

 Finally, the engagement of the stakeholders that were initially identified as keys is something that 
was also achieved successfully. In addition, the participation of other stakeholders has been 
enlisted that represent a wider network than initially envisioned. 

 
3.7 CONCLUSIONS 

- In each of the different cities included in this study attendees at the workshops participated 
actively, however, there were differences in the number of people attending, with the highest 
attendance rate in the city of Santiago. 

- The participatory process was welcomed by attendees, especially at the regional workshops 
(outside of the capital, Santiago). The theme captured the interest of the people and companies 
engaged. This contributes to the expectation that the development of the strategy will go ahead 
with continuity and achieve the envisioned results. 

- The agreed national vision was well received by the participants of the regions, who felt that their 
views were represented. There is consensus on the importance of seizing this opportunity for Chile. 

- The proposals for the action plan and preliminary strategy, focus on actions that will demonstrate 
the potential for this market (e.g. pilot projects), and stimulate new initiatives in the industry. Focus 
is also given to the creation of alliances and collaboration to achieve progress. 

- The rapid growth experienced by the national solar industry is inspiring regarding the possibilities 
that green hydrogen could offer for Chile, where it is assumed that there could be a figure of world 
leadership. For this, a governance model that leads the issue and facilitates the continuity of the 
creation and implementation of the strategy is required. 

- The information available shows that the process generated interest in the issue of green H2, 
including creating a willingness to collaborate in the strategy development as activities are rolled 
out. This suggests that it was possible to create links between a diverse actors, something which 
should be considered an asset for the subsequent development of the strategy.  
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V. CHAPTER III: STRATEGY PROPOSAL FOR THE DEVELOPMENT OF A GREEN 
HYDROGEN MARKET AND POTENTIAL PUBLIC-PRIVATE PARTNERSHIPS 

1. Strategy proposal 

DRIVERS 

Based on the information gathered in the workshops, a number of different drivers should be considered in 
the creation of the strategy, to ensure that this takes advantage of these elements to mobilize 
stakeholders. 

As an immediate or short-term driver, there is the considerable national-level renewable energy potential, 
which could be used for the generation of green hydrogen. This driver “Position Chile in the green H2 
market” builds on this, linking the potential for renewable energy generation, with the possibility of 
capturing new business opportunities. 

In the short to medium term, climate change mitigation and adaptation emerges as a driver, due to the 
links between this technology and the use of clean energy. This is also seen as an opportunity to support 
decarbonization in different industries, by providing low emission energy. Additionally, as a longer-term 
driver, there is the idea of "Energy independence", which is associated with the economic development 
that can be achieved through the use of renewable energy. 

The global trend in green product development is reflected in the “Access to an international market for 
traceable green products” driver, which reflects the opportunity for Chile to participate in a new market. 
This driver is related to "Economic diversification through green industries", which describes the possibility 
for Chile to generate new markets based on “green” attributes, such as renewable energy. 

Finally, a driver that is recognized as important is the low cost of energy; although this is perceived as most 
important in the medium term. 

 
Figure 47 – Summary of drivers for the hydrogen market in Chile, and timeframes 

 
 



 

 
 
 
 
 
 

119 

 

 
NATIONAL VISION 

Through the participatory process, the following consolidated national vision was agreed: 

 “To be recognized global leaders in the production, use and export of green hydrogen and its derivatives, 
through technological development, enabling a competitive market and harnessing the recognized 
renewable energy potential of the country, in order to contribute to the realisation of a sustainable 
society”. 

 
VALUE CHAIN AND FOCUSES FOR ACTION  

In order to achieve this vision, it will be necessary to target action towards different cross-cutting focuses in 
the links in the green hydrogen value chain, including the stages of production, storage, transport and final 
use, and considering both the domestic consumption of hydrogen, as well as its export 

 
Figure 48 – Summary of the hydrogen value chain and cross-sectoral focus areas 

 
 

According to the drivers, the gaps identified in the diagnosis and the solutions proposed during the 
participatory process, four focus areas / cross-cutting pillars of action are identified: 

- INSTITUTIONAL STRUCTURES, GOVERNANCE AND DISSEMINATION: The development of new 
projects and knowledge sharing for market development. 

- DEMOSTRATION PROJECTS AND RD&I / REGULATORY FRAMEWORK: The realisation of green 
hydrogen demonstration projects and technology research accompanied by the development of a 
specific regulatory framework. 

- HUMAN CAPITAL DEVELOPMENT: The training of technicians and professionals for the green H2 
market. 
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- FINANCING AND INCENTIVES: The generation of enabling conditions for market development 
through various forms of financing and incentive mechanism. 

In this section the activities and actions identified for each strategic focus are identified: 

 
FOCUS 1 – INSTITUTIONAL STRUCTURES, GOVERNANCE AND DISSEMINATION 

CHALLENGE (extract from the vision): 

“To be recognized global leaders (…) harnessing the recognized renewable energy potential of the country”. 

CROSS-CUTTING GAPS (throughout the value chain): 

T1 “Lack of information to facilitate wider understanding on the potential of hydrogen as an energy vector” 
among society and decision makers in the public and private sectors (including banking). 

GAPS IDENTIFIED DURING THE PARTICIPATORY PROCESS:  

• Lack of mobilization along the value chain. 

• Lack of institutional structures to strengthen collaboration between public-private-academia. 

• Lack of communication around the benefits and potential of green hydrogen as an energy vector. 

ACTIONS:  

• Strengthen the public-private collaboration environment, and create links with academia. 

• Dissemination and social awareness, through information and communication activities regarding 
green hydrogen. Delivery of seminars and workshops to share information regarding technology 
solutions and uses based on green hydrogen. 

• Create institutions to lead the development of green hydrogen. 

 
FOCUS 2 - DEMONSTRATION PROJECTS and RD&I / REGULATORY FRAMEWORK 

CHALLENGE (extract from the vision): 

 “To be recognized global leaders in the production, use and export (…) competitive market” 

GAPS:  

• PRODUCTION (Electrolysis) 
• (P1) Production of green H2 not yet economically competitive with conventional H2 

production. 

• (P2) Lack of industrial scale pilots producing green H2 in Chile to demonstrate technical and 

economic feasibility. 

• (P3) Green hydrogen production on grid: emission factor of the electricity network defines 
the “green” character of production (currently this depends on an electricity mix that is not 
100% renewable). 

• STORAGE 
• (A1) Lack of technical economic and commercial analysis of storage options at national 

level. 

• (A2) Lack of industrial-scale storage pilot projects for use in electrical systems. 
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• TRANSPORT 
• (T1) H2 transport costs tend to be greater than natural gas transport costs. 

• (T2) Intercontinental H2 transport ships are still in development. 

• (T3) Transportation of H2 in the form of ammonia, methanol or other, requires 

transformation processes at the ports of origin and destination; costs increase in 

correlation with distances. 

• END USE (domestic and export) 
• (U1) Technologies available for mining trucks in development. 

• (U2) Specific regulations and safety regulations are required. 

• (U3) Lack of specific regulatory framework (tax) to support green hydrogen in transport. 

• (U4) Supply logistics not yet available. 

• (U5) Lack of definition of maximum injection percentages allowed in natural gas networks. 

ACCIONES:  
Demonstration projects and RD&I: 

 R&D Technology Program for Dual fuels and fuel cells 

 R&D Technology Program for solar fuels for industry 

 Hydrogen R&D strand at the Chilean Institute for Clean Technologies 

 High temperature hydrogen production R&D project 

 Industrial project to replace chemical imports 

 Hydrogen buses demonstration project 

 Hydrogen injection project to natural gas network 

 Green hydrogen production and export project 

 Green hydrogen production project and logistics supply chain for industry and mining 

Regulatory framework: 

 Climate change policy and regulations 

 Technical and safety standards (Technical Committee) 

 CO2 tax 

 
FOCUS 3 – HUMAN CAPITAL DEVELOPMENT  

CHALLENGE (extract from the vision): 

… “enabling a competitive market” …  

CROSS-CUTTING GAPS (throughout the value chain): 

• Lack of specialized human capital (engineering, technicians, operators, security specialists, etc.) 

ACTIONS:  

• Human capital development program. 

• Development of university degree course units for the training of professionals. 

• Development of proficiency profiles for technicians, development of training modules, training and 
certification of skills. 
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FOCUS 4 – FINANCING AND INCENTIVES 

CHALLENGE (extract from the vision): 

 “To be recognized global leaders in the production, use and export of green hydrogen and its derivatives 
(…) enabling a competitive market” 

CROSS-CUTTING GAPS (throughout the value chain): 

• Lack of financing models for industrial-scale demonstration projects and R&D. 

• Lack of specific regulatory framework (tax) for green hydrogen in transport 

• Lack of mechanisms / instruments for the certification of green H2. 

ACTIONS: 

• Financing of demonstration projects: 

 Coordinate with regional development funds 

 Apply to Corfo financing instruments 

 Apply for technical assistance from bilateral agencies 

 Apply to ex-Conicyt funding lines 

• Incentives provided by national and multilateral organizations 

• Attraction of foreign investment 

• Apply to financing for GHG reduction projects 

• Loans to private companies 

 

QUICK WINS: 

FOCUS 1 – INSTITUTIONAL STRUCTURES, 
GOVERNANCE AND DIFFUSION 

 

Take advantage of the international visibility of 
COP25, to show Chile's potential for green 
hydrogen. 

Continue with annual International Seminars on 
green H2, bringing together companies with real 
experience in projects. 

 

FOCUS 4 – FINANCING AND INCENTIVES 

 

Take advantage of the existing financial 
instruments of CORFO and the Institute for Clean 
Technologies in the next available funding 
opportunity, for the investment and development 
of demonstration projects. 

Take advantage of COP 25 to attract foreign 
companies to carry out projects in collaboration 
with local partners in Chile. 
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2. Proposed roadmap 

Based on the themes that emerged during the participatory process and the preliminary proposal for a 
strategy for the development of the green hydrogen market in Chile, the following Roadmap is proposed, 
with initiatives in the short, medium and long term: 
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Figure 49 – Summary of the Roadmap, showing proposed solutions and initiatives to achieve the vision defined 

for the development of the green hydrogen market in Chile 

 
 

Figure 50 – Summary of the Roadmap, showing enabling resources 

 
 

 

CONCLUSIONS 

The shared vision defined by the stakeholders that participated in the workshop process incorporates four 
strategic areas of action to be implemented throughout the stages of the value chain (production, storage, 
transport, and end use). 
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The first focus is related to institutional structures, governance and dissemination, where the objective is to 
mobilize and coordinate new projects and disseminate knowledge to promote the development of the 
green hydrogen market. To achieve this, the strategy focuses on initiatives that allow Chile build its 
reputation as a relevant player in the green hydrogen industry. This includes the coordination of public and 
private sector actors and mobilization of projects, in addition to encouraging instances of collaboration and 
knowledge transfer at national and international level. 

The second focus corresponds to demonstration projects, RD&I and the supporting regulatory framework, 
where through specific initiatives, technical operating and performance parameters and performance levels 
can be obtained, which will reduce the perception of risk as the market grows. To achieve this, the 
initiatives focus on identifying industrial scale demonstration projects and RD&I projects, by different 
market niches, by geographic macrozone and for different final uses. This goes hand in hand with advancing 
the development of the required regulatory framework. 

The third focus relates to human capital, since this is required to serve the national green H2 industry and 
enable a competitive market. Relevant activities linked to the strengthening of human capital include the 
training of professionals and technicians on green hydrogen issues in Chile. 

The fourth focus is around financing and incentives. This seeks to accelerate investment in and 
development of industrial scale demonstration projects, in order to boost the market in terms of 
production and advance towards the export of green hydrogen. This requires initiatives that enable the 
emergence of regulatory conditions and provide incentives for market development. 

For the success of the Strategy, the mobilization and active participation of different stakeholders is 
required. One of the advantages found in this study, is that Quick Win opportunities can be identified, 
which can strengthen the visibility of market development opportunities in Chile. This includes 
international seminars, COP25 in Chile or the support of CORFO and the Institute of Clean Technologies 
that is in development. 
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VI. CHAPTER IV: MONITORING AND EVALUATION PLAN 

1. Introduction to monitoring and evaluation 

It is essential that a monitoring plan is developed that supports and guides the delivery of the H2 Strategy, 
based on the Roadmap described in the previous chapters. 

Unlike other strategies and roadmaps for the implementation of technologies or industry goals, this 
strategy has the additional complexity of attempting to deliver a new productive sector in the country. This 
means that it incorporates different actors and resources in comparison to the roadmaps implemented in 
more self-contained sectors. 

Prior to the development of the monitoring plan, in the opinion of the consulting team, it is essential to 
understand the way in which the Strategy will be implemented. 

Implementation of the Strategy 

The green H2 development strategy in Chile is made up of a series of activities, projects, actors that must be 
brought together to accelerate the development of this industry in Chile. 

In this context, and due to the fact that this market is at a very early stage, it is considered relevant to 
develop an institutional framework that is responsible for carrying out the specific activities and challenges 
of the strategy. This institutional structure may be light initially, however, it is important that it 
incorporates the following elements: 

 It has baseline financing: this is fundamental for achieving early progress against the Strategy. 
Resources will be necessary to finance the professional(s) responsible for coordinating the 
implementation of the Strategy. 

 It has adequately resourced and dedicated professionals to specify the initiatives: the success or 
failure of implementation projects depends on having the necessary profile of professionals for the 
implementation of the strategy. It will be important to define an appropriate structure that allows 
the first steps of the strategy to be taken. 

 It has a close relationship with the private sector: due to the importance of the private sector and 
PPPs, it will be essential that there is a closeness between the Strategy delivery team and the 
relevant stakeholders included in the Strategy, and that they are recognized and seen as reliable 
partners for the private sector. 

Finally, it is important to establish three fundamental aspects for the delivery of the Strategy: 

 Institutional structure and positioning: the team directing the Strategy must be housed, either in a 
public entity (Solar and Energy Innovation Committee Corfo, Ministry of Economy, Ministry of 
Energy etc.), or eventually be a private entity (e.g. H2 Chile, a center of investigation). Each of these 
has advantages and disadvantages that must be taken into consideration 

 Dependencies and direction: it will be essential that this team has a high-level management group 
(board, council), which periodically oversees the progress and the realisation of the activities and 
projects of the strategy. 

 Relationship with similar institutions and associations (e.g. H2 association): roles and 
responsibilities should be clearly defined, in order to avoid friction and redundancy of activities 
with other entities, such as ministries, trade associations, research centers. Although, according to 
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the experience of the consulting team, this is inevitable to some extent, it is considered a priority 
that there is close communication between this team and other entities that carry out similar 
initiatives. 

 

2. Monitoring plan and development of indicators 

Once the body responsible for following up on the Strategy is defined, it will be important for this team to 
implement, and begin to evaluate compliance against, a monitoring plan that tracks the progress of the 
strategy. 

This monitoring plan serves as a tool for the management (board, advisory) to understand progress and 
performance against the different goals and milestones of the Strategy. Due to the wide scope of the 
Strategy, it is considered appropriate to separate these by the fundamental pillars of the strategy: 
 

 
 
It is considered appropriate that monitoring plans are implemented for each of these areas: 

• Institutional Structure, Governance and Dissemination 
• Demonstration Projects / Regulatory Framework 
• Human Capital Development 
• Financing and Incentives 

 

The monitoring plan for each of these strategic pillars should include the following considerations: 

• Relevant stakeholders 

• Financing 

• Key milestones 
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• Quick Wins 
 
These items are described for each one of these pillars in the following section. 
 
 
1.- Institutional Structure, Governance and Dissemination 

In this case, it is considered appropriate that there is an advisory committee responsible for supporting and 
monitoring the various initiatives. It is anticipated that representatives of relevant ministries (Economy, 
Energy), Corfo and companies (e.g. H2 Chile) would participate Chile. The generation of governance and an 
institutional structure that supports the development of green H2 in Chile is a priority, and one of the most 
important activities is to create a structure responsible for the Roadmap in its initial stages. 

The Strategy includes the following relevant initiatives / projects in relation to Institutional Structure, 
Governance and Dissemination: 

 Generation of program governance 

 Diffusion and awareness program at national level 

 International dissemination program 

 Strengthening of private public collaboration 
 

In addition to these, others will be identified later. In the same way as in the case of Human Capital, a 
monitoring plan must be established that has its own verification and evaluation activities, together with 
indicators that allow the monitoring of progress and the achievement of goals. This is presented in the 
following table. 

It is important to note that the deadlines described are preliminary and will need to be adjusted once there 
is greater definition of each of these activities / initiatives. Both the milestones and quick wins are 
considered relevant for the success of the initiatives, but as the Strategy develops these may be modified or 
additional milestones added to each initiative. 
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  Steering 
Committee 
responsible 

for 
monitoring 

Quick Wins Key Milestones Monitoring Activities Indicators 

Project / Initiative Activity Timeframe Activity Timeframe Activity Timeframe Indicator Frequency 

1.- Generation of 
Program Governance 

Composed of 
representatives 

of H2 Chile, 

Ministry for 
Economy, 

Energy 

1.- Set up 
responsible 
delivery 
structure for 

H2 in the first 
stage 

Second 
semester 
2019 

1.- Responsible 
team and 
management 
committees set-
up 
 
2.- Presentation 
of a work plan for 
the development 
of the 4 pillars 
(human capital, 
pilot and 
demonstration 
projects, 
institutional 
structure-
governance-
dissemination, 
incentives and 
regulation) 

1.- Second 
semester 2019 
 
2.- End of 2019 

1.- Validation 
and support in 
the formation 
of the team 
 
2.- Validation 
and approval 
of the initial 
work plan 
 
3.- Quarterly 
steering 
meetings to 
review the 
progress of the 
initiatives (4 
pillars) 

1.- Second 
semester 2019 
 
2.- End of 2019 
 
3.- Every 3 
months (4 per 
year) 

N/A   

2.- Dissemination and 
Awareness Raising 
Program at a National 
Level 

1.- 
Dissemination 
seminar of 
experiences 

Second 
semester 
2019 

1.- Development 
of annual 
dissemination 
and awareness 
raising programs 

1.- Beginning of 
each year 

1.- Verification 
of achievement 
of 
dissemination 
activities (at 
the steering 
meetings) 

1.- In the 
steering 
meetings 
(quarterly), 
through an 
account of the 
progress of the 
national 
awareness and 
dissemination 
program 

1.- Number of 
appearances 
of the H2 
program in the 
media 
(written, TV, 
radio) 
 
2.- Number of 
seminar events 
participated in 
 
3.- Number of 
regional 
dissemination 

Biannual 
total 
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activities 

3.- Dissemination 
Program at an 
International Level 

1.- 
Presentation 

of H2 Strategy 

at 
international 
events 

First 
semester 
2020 

1.- Development 
of annual 
international 
dissemination 
programs 

1.- Beginning of 
each year 

1.- Verification 
of achievement 
of international 
dissemination 
activities (at 
the steering 
meetings) 

1.- In the 
steering 
meetings 
(quarterly), 
through an 
account of the 
progress of the 
international 
awareness and 
dissemination 
program 

1.- Number of 
international 
events 
participated in 
 
2.- 
Memberships 
in 
international 
organizations 

related to H2 

Biannual 
total 

4.- Strengthening of 
Public-private 
Collaboration 

1.- Signatures 
of intent to 
carry out at 
least 2 PPPs 

First 
semester 
2020 

1.- Sign PPPs for 
the development 
of projects 

1.- According to 
the schedule of 
pilot and 
demonstration 
projects (2022, 
2023, 2024, 
2025) 

1.- Verification 
and support 
for the delivery 
of the PPPs (at 
the steering 
meetings) 

1.- In the 
steering 
meetings 
(quarterly) 

1.- Number of 
PPPs 
provisionally 
signed (intent) 
 
2.- Number of 
PPPs signed 

Annual 
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2.- Demonstration Pilot Projects, RD&I and Regulatory Framework: 

As with the previous aspect, it is considered appropriate that there is an advisory committee responsible 
for supporting and monitoring the various initiatives in addition to the regulatory entities (SEC, INN) that 
support the creation and development of enabling regulations. Particularly in the case of pilot projects, the 
work of monitoring and evaluation is linked to supporting the realization of these projects (search for 
funding, coordination of stakeholders, dissemination, support in solving problems), more than the 
monitoring of each pilot or demonstration project. Each project will have its own responsible team and 
process for assuring compliance according to the details of the project. 

The Strategy includes the following relevant initiatives / projects in relation to Demonstration Pilot Projects 
and RD&I: 

 Industrial Substitution of Chemical Imports Project 

 Hydrogen Buses Demonstration Project 

 Hydrogen R&D strand at Chilean Institute of Clean Technologies 

 Technological Programs (Dual Fuel and Electromobility in Mining) 

 Technological R&D Program on solar fuels for industry 

 High temperature hydrogen production R&D project 

 H2 Injection to Natural Gas networks project 

 Green hydrogen production project and logistics supply chain for industry and mining 

 Green hydrogen production and export project 

 Review of existing international H2 standards (e.g. ISO, SAE) and analysis of their applicability to the 
national regulatory context 

 Creation of a regulatory roadmap, in order to address gaps in cross-sectoral regulation of H2 

 

In addition to these, others will be identified later. In the same way as in the case of human capital, a 
monitoring plan is established that has its own verification and evaluation activities, together with 
indicators that allow us to monitor the progress and achievement of goals. This is presented in the 
following table: 
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  Steering 
Committee 
responsible 

for 
monitoring 

Quick Wins Key Milestones Monitoring Activities Indicators 

Project / Initiative Activity Timeframe Activity Timeframe Activity Timeframe Indicator Frequency 

1.- Project for the 
substitution of 
industrial imports 

Formed by 
representatives 

of H2 Chile, the 
ministries 

involved, Corfo 
and Conicyt, and 

regulatory 
entities (SEC, 

INN) 

1.- Prefeasibility 
study 
 
2.- Feasibility 
study 

1.- 
Immediate 
 
2.- 6 months 

1.- Raise financing 
and project kick-
off 
 
2.- Production of 
ammonia based 

on green H2 

1.- 
Preliminarily, 
2020 
 
2.- To be 
defined 

1.- Request for 
periodic 
presentations to 
the project 
team, to 
support them in 
the success of 
the initiative 
(fund raising, 
regulatory 
support, etc.) 
(*) 

Initially 
quarterly, 
then biannual 

1.- Project 
status 
 
2.- m3 of NH3 
produced 

Annual 

2.- Hydrogen buses 
demonstration project 

1.- Raise 
financing for 
pre-feasibility 
study 
 
2.- Sign PPP to 
study the 
delivery of a 
demonstration 
project 

1.- 3 months 
 
2.- 18 
months 

1.- Raise financing 
and 
demonstration 
project kick-off 
 
2.- Introduction 

of first H2 buses 

1.- 
Preliminarily, 
2020 
 
2.- To be 
defined 

1.- Request for 
periodic 
presentations to 
those 
responsible for 
carrying out the 
project, to 
support them in 
the success of 
the initiative 
(raising funds, 
regulatory 
support, etc.) 
(*) 

Initially 
quarterly, 
then biannual 

1.- Project 
status 
 
2.- Number of 

H2 buses in 

circulation 

Annual 
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3.- Hydrogen R&D 
strand at the Instituto 
Chileno de Tecnologías 
Limpias (Chilean Clean 
Technology Institute) 

1.- Inclusion of 

H2 in the 
research strands 
of the Institute 

1.- End of 
2019 

 1.- Introduction 
of a team 

dedicated to H2 

at the institute 
 
2.- Presentation 

of an H2 R&D 
plan at the 
institute 
 
3.- Delivery of an 
H2 R&D plan 

1.- To be 
defined 
 
2.- To be 
defined 
 
3.- To be 
defined 

1.- Check for 
inclusion of H2 
within the 
Institute's lines 
 
2.- Support in 
the selection of 
the H2 work 
team 
 
3.- Review of 
the H2 
development 
plan 
 
4.- Request for 
periodic 
presentations to 
those 
responsible for 
carrying out the 
project, to 
support them in 
the success of 
the initiative 
(raising funds, 
regulatory 
support, etc.) 
(*)  

1.- 2019 
 
2.- To be 
defined 
 
3.- To be 
defines 
 
4.- Biannual 

1.- Advance of 
R&D 
development 
plan for H2 in 
the institute 
(others to be 
defined, 
relative to the 
plan) 

Annual 

4.- Technology 
Programs (Dual Fuel y 
electromobility in 
mining) 

1.- 
Dissemination of 
preliminary 
results 

1.- End of 
2019 

1.- Completion of 
projects and 
presentation of 
results 

1.- In 
agreement 
with the 
Gantt of the 
programs 

1.- Request for 
periodic 
presentations to 
those 
responsible for 
carrying out the 
project, to 
support them in 
the success of 
the initiative 
(raising funds, 
regulatory 

Initially 
quarterly, 
then biannual 

1.- Project 
status 
 
2.- Post-
program 
decision on 
scaling-up 

Annual 
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support, etc.) 
(*) 

5.- Technology R&D 
programs solar fuels for 
industry 

1.- Sign PPP to 
study the 
realisation of a 
project on solar 
fuels for 
industry 

2022 1.- Raise financing 
and kick-off of 
R&D project 
 
2.- End of 
construction and 
operation of 
project 

1.- To be 
defined 
 
2.- To be 
defined 

1.- Request for 
periodic 
presentations to 
the project 
team, to 
support them in 
the success of 
the initiative 
(fund raising, 
regulatory 
support, etc.) 
(*) 

Initially 
quarterly, 
then biannual 

1.- Project 
status with 
respect to the 
Gantt 
 
2.- 
Achievement 
of the pilot 
goals (e.g. 
volume of H2 
produced in 
pilot plant, 
development 
of patents, 
etc.) 

Annual 

6.- R&D Project for the 
production of hydrogen 
at high temperatures 

1.- Sign PPP to 
study the 
realisation of a 
project of 
hydrogen 
produced at 
high 
temperatures 

2024 1.- Raise financing 
and kick-off of 
R&D project 
 
2.- End of 
construction and 
operation of 
project 

1.- To be 
defined 
 
2.- To be 
defined 

1.- Request for 
periodic 
presentations to 
the project 
team, to 
support them in 
the success of 
the initiative 
(fund raising, 
regulatory 
support, etc.) 
(*) 

Initially 
quarterly, 
then biannual 

1.- Project 
status with 
respect to the 
Gantt 
 
2.- 
Achievement 
of the pilot 
goals (e.g. 
volume of H2 
produced at 
high 
temperature 
etc.) 

Annual 



 

 
 
 
 
 
 

135 

 

7.- Project for the 
injection of hydrogen 
into natural gas 
networks 

1.- Sign PPP to 
study the 
realisation of a 
project of 
injection into NG 
networks 

2022 1.- Raise financing 
and kick-off of 
project 
 
2.- End of 
construction and 
operation of 
project 

1.- To be 
defined 
 
2.- To be 
defined 

1.- Request for 
periodic 
presentations to 
the project 
team, to 
support them in 
the success of 
the initiative 
(fund raising, 
regulatory 
support, etc.) 
(*) 

Initially 
quarterly, 
then biannual 

1.- Project 
status with 
respect to the 
Gantt 
 
2.- 
Achievement 
of the pilot 
goals (e.g. 
volume of H2 
injected into 
network, 
number of 
regulatory 
changes etc.) 

Annual 

8.- Project for the 
production of green 
hydrogen and logistics 
supply chain for 
industry and mining 

1.- Sign PPP to 
study the 
realisation of a 
green H2 
production 
project and 
logistics supply 
chain for 
industry and 
mining 

2025 1.- Raise financing 
and kick-off of 
project 
 
2.- End of 
construction and 
operation of 
project 

1.- To be 
defined 
 
2.- To be 
defined 

1.- Request for 
periodic 
presentations to 
the project 
team, to 
support them in 
the success of 
the initiative 
(fund raising, 
regulatory 
support, etc.) 
(*) 

Initially 
quarterly, 
then biannual 

1.- Project 
status with 
respect to the 
Gantt 
 
2.- 
Achievement 
of the pilot 
goals (e.g. 
volume of H2 
produced for 
industry, 
number of 
regulatory 
changes, 
development 
of patents etc.) 

Annual 
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9.- Project for the 
production and export 
of green hydrogen 

1.- Sign PPP to 
study the 
realisation of a 
storage project 

2026 1.- Raise financing 
and 
commencement 
of construction of 
required 
infrastructure 
 
2.- End of 
construction and 
operation of 
project 

1.- To be 
defined 
 
2.- To be 
defined 

1.- Request for 
periodic 
presentations to 
the project 
team, to 
support them in 
the success of 
the initiative 
(fund raising, 
regulatory 
support, etc.) 
(*) 

Initially 
quarterly, 
then biannual 

1.- Project 
status with 
respect to the 
Gantt 
 
2.- 
Achievement 
of the pilot 
goals (e.g. 
volume of H2 
exported 
annually etc.) 

Annual 

10.- Review of existing 
international H2 
standards (e.g. ISO, 
SAE) and analysis of 
their applicability to 
the national regulatory 
context 

Finance review 
of standards 

2020 1.- Realisation of 
studies and 
dissemination of 
results 

During 2020 1.- Presentation 
of preliminary 
and final results 

1.- Second 
semester 
2020 

N/A   

11.-Creation of a 
specific regulatory 
roadmap, with the 
objective of addressing 
cross-cutting gaps in 
hydrogen regulation 

This not 
considered quick 
win, since a 
normative 
roadmap would 
have to be 
developed once 
the focus of H2 
development in 
Chile is defined 

2021 1.- Development 
of a regulatory 
roadmap for the 
development of 
green H2 in Chile 
based on the 
defined 
development 
focus 
 
2.- Generation of 
national norms 
and standards in 
agreement with 
the schedule of 
the H2 roadmap 

1.- From 2021 
 
2.- Based on 
the schedule 
defined in the 
regulatory 
roadmap 

1.- Validation 
and approval of 
the regulatory 
roadmap by the 
steering 
committee 
 
2.- Monitor the 
production of 
norms / 
regulations in 
the meetings 
with the 
regulatory 
steering 
committee 

1.- Steering 
Committee 
2021 
 
 
2.- Following 
Steering 
Committees 
(quarterly) 

1.- Compliance 
with the 
regulatory 
roadmap 
 
2.- Volume of 
norms / 
regulations for 
H2 introduced 
per year 

Annual 
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3.- Human Capital Development: 
 

• Relevant stakeholders: in order to support the development and delivery of the different activities, 
it will be important to have relevant stakeholders with expertise in relation to the formation of 
human capital included in the Strategy. For example, Sence, Chile valora, Universities, CFT, trade 
associations, etc. An alternative, in the same way as in other programs (e.g. Build 2025), is to 
generate a management council that supports, participates and can collaborate in the monitoring 
and evaluation of initiatives. 

• Financing: this is a cross-cutting and a crucial factor in each pillar, since it will be necessary to raise 
funds for the training, studies, surveys, etc. that this focus requires. This will be one of the main 
responsibilities of the lead entity. 

• Key Milestones: key milestones should be established for each of the relevant projects / activities 
of this pillar (e.g. agreements with international entities for internships, creation of new specialized 
courses etc.). 

• Quick Wins: it will be essential, at an early stage, to generate early wins for this pillar, in order to 
generate motivation and provide success stories that can be disseminated. 

 

The Strategy includes the following relevant initiatives / projects in relation to Human Capital Development 
(in order of delivery timeframe): 

 Identify critical mass of human capital that needs to be formed (aiming for 80/20). 

 Identify institutions that can provide training according to the level of training need identified: 
technical, professional, post graduate. 

 Internships and training programs in international institutions and internships on pilot projects to 
be developed in Chile. 

 Identify available human capital in other industries that can be transferred to the H2 industry. 

 Analyze profiles of labor competencies, identify specific labor competencies of H2 that are required 
to supplement this, recognizing training needs. 

 

In addition to these, others may be identified later. However, the main focus to be worked towards is to 
“Identify priority opportunities for strengthening human capital, to serve the green hydrogen market in 
Chile and export”. This must be aligned with the development of the market. 

Based on the aforementioned activities and initiatives, a monitoring plan is established that has its own 
verification and evaluation activities, together with indicators that allow monitoring the progress and 
achievement of goals. This is presented in the following table. 

It is important to note that the deadlines described are preliminary and will need to be adjusted once there 
is greater definition of each of these activities / initiatives. Both the milestones and quick wins are 
considered relevant for the success of the initiatives, but as the Strategy develops these may be modified or 
additional milestones added to each initiative. 
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  Steering 
Committee 
responsible 

for 
monitoring 

Quick Wins Key Milestones Monitoring Activities Indicators 

Project / Initiative Activity Timeframe Activity Timeframe Activity Timeframe Indicator Frequency 

1.- Identify critical mass 
of human capital that 
needs to be formed 
(aiming for 80/20) 

Formed by 
representatives 
of Universities, 

SENCE, 
Chilevalora and 

related 
Ministries 

1.- Raising 
financing to 
undertake study 
into 
requirements of 
H2 professionals 
at national and 
international 
level 

2 months 1.- 
Dissemination of 
study results at 
various events 
and universities 

6 months 1.- 
Presentation 
of preliminary 
and final 
results 

3 to 6 
months 

N/A N/A 

2.- Identify institutions 
that can provide 
training according to the 
levels of training 
identified: technical, 
professional, post-
graduate 

1.- Alliance with 
at least one 
university, to 
include H2 in the 
syllabuses of 
professional 
degrees 
(engineering, 
physics) 

3 months 1.- Alliances with 
at least three 
universities to 
include H2 in 
their syllabuses 
 
2.- Inclusion of 
units on H2 in 
the syllabus of at 
least two 
degrees 

1.- 6 months 
 
 
 
2.- 18 
months 

1.- Check for 
existing 
alliances 
 
2.- Review 
incorporation 
into syllabuses  

1- Up to 6 
months 
 
2.- Up to 2 
years 

1.- Signing 
alliances with 
Universities / 
educational 
institutes (to 
be defined) 
 
2.- Number of 
degrees that 
incorporate H2 
as a specific 
unit (to be 
defined) 

Annual 
review 
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3.- Internships and 
training programs in 
international 
institutions and 
internships in pilot 
projects to be 
developed in Chile 

1.- Alliance with 
at least one 
foreign 
university or 
technology 
center in a 
country that is 
leading the 
development of 
H2, for 
internships and 
research 

12 months 1.- At least 20 
professionals 
have carried out 
internships / 
traineeships / 
specializations in 
H2 
 
2.- At least 20 
professionals 
have carried out 
internships / 
traineeships 
/specializations 
in H2 

1.- 18 
months 
 
 
2.- 4 years 

1.- Review 
signing of 
alliances 
 
2.- Counting 
professionals 
training in H2 
on 
specialization 
programs 

1.- Annual for 
first 2 year 
 
2.- Annually 

1.- Number of 
alliances with 
international 
institutions 
 
2.- 
Professionals 
trained on 
internships / 
traineeships / 
specializations 

Annual 
review 

4.- Identify human 
capital available in other 
industries, that could be 
transferred to the H2 
industry 

Raising financing 
for study to 
identify sectors 
(e.g. gas, 
electric) that 
could provide 
human capital 
for the 
development of 
H2 in Chile 

To be 
undertaken 
after 3-4 years, 
for 6 months 
(when it is 
clearer in which 
part of the H2 
value chain 
Chile will focus 
itself) 

1.- 
Dissemination of 
study results at 
various related 
events and 
unions 

6 months 
after start 

1.- 
Presentation 
of preliminary 
and final 
results 

3 to 6 
months 

N/A N/A 



 

 
 
 
 
 
 

140 

 

5.- Analyze labor 
competency profiles, 
identify specific H2 labor 
competency units that 
are required to 
supplement this, 
recognizing training 
needs 

For this point 
currently no 
"Quick Wins" 
were identified, 
given that 
creating profiles 
involves 
establishing 
needs at the 
trade level, 
which will occur 
in the medium 
to long term 

N/A 1.- Creation of 
profiles of 
required 
competencies 
for the trades 
that the H2 
industry requires 
 
2.- Incorporation 
of training 
related topics 
into an OSCL 
(sectoral labor 
competency 
organism) 

1.- by 5th 
year 
 
2.- after 5th 
year 

1.- Review 
skills needs for 
trades related 
to the H2 
industry in 
Chile  
 
2.- Review 
profiles 
created 
 
3.- Checking 
that it is 
incorporated 
into an OSCL 

1.- From 5th 
year 

Number of 
competency 
profiles 
identified 
relating to the 
H2 industry 

From 5th 
year, 
annually 

6.- Inclusion of technical 
degrees that consider 
roles in the H2 industry 

For this point 
currently no 
"Quick Wins" 
were identified, 
given that 
creating profiles 
involves 
establishing 
needs at the 
trade level, 
which will occur 
in the medium 
to long term 

N/A 1.- Alliance with 
at least 3 IP/CFT 
to include H2 in 
the syllabuses of 
their technical 
degrees 
 
2.- Inclusion of 
units on H2 in 
the syllabuses of 
at least two 
degrees 

1.- by 5th 
year 
 
2.- after 5th 
year 

1.- Checking 
for existing 
alliances 
 
2.- Review 
incorporation 
of H2 into 
syllabuses or 
development 
of technical 
degrees 

1.- From 5th 
year 
 
2.- From 5th 
year 

1.- Signing of 
alliances with 
education 
institutes (to 
be defined) 
 
2.- Technical 
degrees 
focused on H2 
(to be defined) 

Annual 
review 
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4.- Regulation, Standards and Incentives 

In this case, the Ministry of Energy is responsible for the development of policies and regulations. It is also 
considered appropriate that there is an advisory committee responsible for supporting and monitoring the 
various initiatives, and this should consider entities linked to financing (Corfo, Banking etc.) as well as 
regulatory entities (SEC, INN). This pillar is one of those responsible for financing the development of green 
H2 in Chile, and its support and monitoring is essential for the overall success of the Strategy. 

The following most relevant initiatives / projects were identified for this pillar: 

 Funding and support for projects (pilots, training, others) from national sources. 

 Accessing of international financing lines and attraction of foreign investment. 

 Generation of incentives for H2 development. 

 Review of existing international H2 standards (e.g. ISO, SAE) and analysis of their applicability to the 
national regulatory context. 

 Creation of a plan for the development of policy and regulation, in order to address cross-cutting 
gaps in existing H2 regulation. 

 

In addition to these, others may be identified later. In the same way as in the case of Human Capital, a 
monitoring plan is established that has its own verification and evaluation activities, together with 
indicators that allow us to monitor the progress and achievement of goals. This is presented in the 
following table.  
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  Steering 
Committee 
responsible 

for 
monitoring 

Quick Wins Key Milestones Monitoring Activities Indicators 

Project / Initiative Activity Timeframe Activity Timeframe Activity Timeframe Indicator Frequency 

1.- Raise financing and 
support for projects 
(pilots, training, others) 
> National Sources 

Formed by 
representatives 

of Corfo, 
Ministry of 

Economy, Banca 
(financing and 

incentives)  

1.- Generation 
of Corfo 
financing stream 
for H2 projects 
(adaptation of 
existing) 

1.- First 
semester 
2020 

1.- Baseline 
review of 
financing for the 
initial H2 
governance 
structure 
 
2.- Creation and 
utilization of 
specific Corfo 
support stream 
for H2 projects 
 
3.- Creation of 
regional 
competitions for 
H2 projects 
(FNDR) 
 
4- Creation of 
Conicyt 
competitions for 
H2 research 
projects 

1.- Second 
semester 
2019 
 
2.- During 
2020 
 
3.- 2020 - 
2022 
 
4.- 2020 - 
2022 

1.- Ensure 
existence of 
baseline financing 
for governance 
structure 
 
2.- Ensure 
creation and 
utilization of 
financing line (and 
support for 
dissemination to 
potential 
beneficiaries)  
 
3.- Oversee the 
creation of 
regional 
competitions (and 
support regional 
dissemination to 
beneficiaries) 
 
4.- Oversee the 
creation of 
Conicyt 
competitions for 
H2 research 
projects 

1.- Second 
semester 
2019 
 
2.- Steering 
Committee 
(quarterly) 
 
3.- Steering 
Committee 
(quarterly) 
 
4.- Steering 
Committee 
(quarterly) 

1.- National 
financing 
raised: 
 
a) Coming 
from the 
ministries per 
year 
 
b) 
Competition 
funding / year 
(Corfo, FNDR, 
Conicyt, 
other) 
 
c) Private 
financing 
raised / year 
(target for 
percentage of 
total) 

Annual 
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2.- Raise lines of 
international financing 
and attract 
international 
investment 

1.- Application 
to GED/BID etc. 
fund for pilot 
projects in Chile  

1.- First 
semester 
2020 

1.- Raise (apply 
for) financing for 
H2 consultancy 
projects (pre-
feasibility 
studies, 
regulatory 
studies, market 
research etc.) 
need for the first 
stage 
 
2.- Raise lines of 
international 
financing (WB, 
BID, KFW) for H2 
infrastructure 
projects (low 
rate loans). Sign 
agreements with 
multilateral 
organizations 

1.- During 
2020 and 
2021 
 
2.- From 
2021 

1.- Oversee the 
funding awarded 
for consultancy 
projects with 
international 
funding sources 
 
2.- Oversee the 
signing of 
collaborative 
agreements for 
lines of financing 
for H2 
infrastructure 
projects 

1.- Steering 
Committees 
(quarterly) 
 
2.- Steering 
Committees 
(end of 2021) 

1.- Number of 
funds for 
consultancy 
projects 
raised from 
international 
sources / year 
 
2.- Loans from 
international 
entities used 
in H2 projects 

Annual 

3.- Generation of 
incentives for the 
development of H2 

1.- 
Dissemination 
and utilization of 
tax incentives in 
RD&I to carry 
out H2 
demonstration 
projects 

1.- Second 
semester 
2019 

1.- Create 
proposal for 
incentives for H2 
projects (tax 
benefits or 
other) 
 
2.- Implement 
proposed 
incentives 

1.- From 
2021 
 
2.- From 
2023 

1.- Presentation 
of incentives 
proposal 
(committee) and 
implementation 
approach 
(organizations, 
sources, etc.) 
 
2.- Monitoring at 
the Steering 
Committee with 
respect to 
progress in the 
implementation 
of the incentives 

1.- Steering 
Committees 
(2021) 
 
2.- Steering 
Committees 
(following) 

1.- Use of 
created 
incentives 
mechanisms 
(number of 
projects 
applied and 
awarded) 

Annual 
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3. Priority indicators 

While each pillar will have follow-up activities and indicators specific to the initiatives, it is considered 
important to have a limited number of global or particularly crucial indicators, which enable evaluation of 
the overall state of progress of the strategy. The following are proposed: 

• Total quantity of green H2 produced and consumed: it will be essential to measure the volume of 
green H2 produced and consumed nationally (and, in the future, exported). Initially this will be in 
pilot projects, and in later stages, in commercial activities. The goals set using this indicator should 
be correlated with the growth targets for the H2 market that are defined. 

• CO2 reduction per project: another relevant indicator will be the amount of CO2 that is avoided 
with the realisation of each green H2 project. The goals associated with this indicator will be related 
to the different projects that are developed under the Roadmap 

• Investment in R&D projects and industrial scale projects: refers to the amount of resources that are 
invested in the development of green H2 in Chile, whether public or private, through R&D and 
industrial scale projects. 

• Human capital linked to green H2: this refers both to the number of people trained in H2 industry 
activities (specializations, trades), as well as to the amount of work generated by this sector. 

 

All of the indicators described above should be evaluated on an annual basis, and their calculation and 
estimation would be the responsibility of the program delivery team. It is not possible to estimate the 
level of these indicators in advance, since all activities and projects are at the concept stage and there are 
no clear precedents in Chile. Once the institutional structure and objectives of this new sector are 
established, an estimate of adequate development against these will be developed. 
 

4. Plan to disseminate the Strategy at key international events in order to facilitate public-
private partnerships 

The development of the green hydrogen market in Chile can - and should - be carried out by both 
government, public, and private companies, both national and international. In order to attract this latter 
group to develop green hydrogen projects in Chile a national strategy is required that conveys both: 

• The willingness of the Chilean Government for the development of this market; and 

• The benefits of developing production, transport and use projects for green H2 in Chile, due to the 
high competitiveness of the renewable energy prices in the country. 

 

To achieve this, it is crucial to have a Dissemination Plan for the Strategy. This Plan must include 
dissemination activities at the national level, for example, through a seminar series on green H2 by Corfo 
and GIZ, as well as dissemination activities at the international level, for example, at key events. This is in 
order to facilitate the emergence of PPPs and attract foreign companies to import innovative technologies 
and carry out demonstration and industrial projects in Chile. 
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Three key aspects are relevant and need to be defined: 

1) An entity responsible for the Dissemination Plan. 

2) An annual schedule of activities, perhaps with a time horizon of 2-3 years, where the entity in charge, 
together with designated partners, coordinates dissemination of the Strategy. 

3) A budget associated with the dissemination activities defined. 
 
Entity in charge of the Dissemination Plan: 

The entity responsible for the Dissemination Plan should be assigned by the central Strategy governance 
team Strategy and be granted appropriate authority for dissemination activities. Considering that it is the 
development of economic activities, which have associated market value and significant employment 
opportunities, it is envisaged that they will work with the Ministry of Economy, or a team within this 
Ministry, such as Corfo. This would be with the objective of promoting a new productive sector in the 
country. Considering the attraction of foreign investment, it may be sensible to partner with the Invest 
Chile organization in the delivery of the dissemination measures. This organization has extensive 
experience in attracting foreign capital and acts as an international representative for Chile in an economic 
context. 

 

Schedule of key international activities and events 

Internationally, there are several relevant events related to the hydrogen sector. Below is a summary of 
international events on the subject of green hydrogen according to their relevance and considering target 
markets where there may be demand for the import of green H2 in the future (Japan). This highlights 
priority areas for the focusing of Chile's development strategy, in order to publicize the country's ambitions 
and generate medium and long-term market opportunities. In addition, countries with leading market 
development strategies and important technological advances are identified, such as Australia, California, 
Canada and Germany. These countries may already be able to supply technology and demonstration 
projects, and so it is relevant to initiate commercial and diplomatic ties and acquire applied knowledge. The 
table will serve as a guide to support the definition of an annual dissemination agenda for the Strategy. 
 

Event Frequency and location Organizer Website 

COP 25 Annual; 2-13 December 2019 
Santiago, Chile (Asociación H2 Chile 
Pavilion, or Chile Pavilion) 

Chile https://www.cop25.c
l/web/  

International 
Conference on 
Hydrogen Safety 

24-26 September 2019, Adelaide, 
Australia 

Hy Safe- 
International 
Association for 
Hydrogen 
Safety; 
Government of 
South Australia 

http://hysafe.info/ic
hs2019/  

WHEC - World 
Hydrogen Energy 
Conference  

Every 2 years; next WHEC: 2020 in 
Istanbul, Turkey 

IAHE  http://www.iahe.org
/whecwhtc.asp 

WHTC - World 
Hydrogen Technology 

Every 2 years; next WHTC: 2021 in 
Montreal Canada 

IAHE  http://www.iahe.org
/whecwhtc.asp 

https://www.cop25.cl/web/
https://www.cop25.cl/web/
http://hysafe.info/ichs2019/
http://hysafe.info/ichs2019/
http://www.iahe.org/whecwhtc.asp
http://www.iahe.org/whecwhtc.asp
http://www.iahe.org/whecwhtc.asp
http://www.iahe.org/whecwhtc.asp
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Conference 

H2FC Fair at the 
Hannover Messe 
 

April of every year. 2020: 20-24 April "Peter Sauber" 
Agency 

https://www.h2fc-
fair.com/ 

FC Summit - Stuttgart   
 

10-11 September 2019 (presence of 
Hans Kulenkampff confirmed) 

"Peter Sauber" 
Agency 

https://f-cell.de/  

Mission Innovation Annual; next meeting in 2020, date 
tbc (no info on web page) 

Mission 
Innovation 
Steering 
Committee 

http://mission-
innovation.net/  

Fuel Cell Seminar & 
Energy Exposition  
 

Annual event; 5-7 November 2019 in 
Long Beach, California 

FCHEA 
Organization 

https://www.fuelcell
seminar.com/  

European Fuel Cell 
Conference & 
Exhibition (EFC) 

Annual; 9.11.2019 in Naples, Italy Hydrogen 
Europe Initiative 

https://hydrogeneur
ope.eu/index.php/ev
ents/european-fuel-
cell-conference-
exhibition-2019  

FC Expo Annual; 26-28 February 2020 in 
Tokyo, Japan 

Reed Exhibitions 
Japan Ltd. 

https://www.fcexpo.j
p/en-gb.html  

International 
Renewable Energy 
Storage Conference 
(IRES) 

Annual; 2020 date tbc (no info on 
web page) 

EUROSOLAR 
(European 
Association for 
Renewable 
Energy) 

https://www.eurosol
ar.de/en/index.php/
events/ires-
conference-eurosolar  

Energy Storage 
Europe 

Annual: 10-12 March 2020 in 
Düsseldorf, Germany 

Messe 
Düsseldorf 

https://www.eseexp
o.com/  

Hypothesis Annual; 3-6 May 2020 in Cape Town, 
South Africa 

Hypothesis http://www.hypothe
sis.ws/  

China International 
Hydrogen and Fuel 
Cell Conference and 
Exhibition (CHFCE) 

Annual; 2020 date tbc (no info on 
web page) 

China 
Machinery 
Industry 
Federation 
Technical 
Committee 309 

http://en.chfce.com/
cnt_list_3_1.html  

Energy Networks 
Conference + 
Exhibition 

Annual; 2-4 June 2020 in Brisbane, 
Australia 

Energy 
Networks 
Australia 

https://energynetwo
rksconference.com.a
u/  

 

The webpages https://www.fcdic.com/conference/ and http://www.chfca.ca/resources/events/ provide an 
updated calendar of all relevant events with the dates of the respective year. 

In addition to sharing the Strategy for the development of the green hydrogen market in Chile at 
international fairs, through presentations and/or presence through stands, it is also recommended to share 
this document among key stakeholders involved in the promotion of the green hydrogen market. Among 
others, these include: 

https://www.h2fc-fair.com/
https://www.h2fc-fair.com/
https://f-cell.de/
http://mission-innovation.net/
http://mission-innovation.net/
https://www.fuelcellseminar.com/
https://www.fuelcellseminar.com/
https://hydrogeneurope.eu/index.php/events/european-fuel-cell-conference-exhibition-2019
https://hydrogeneurope.eu/index.php/events/european-fuel-cell-conference-exhibition-2019
https://hydrogeneurope.eu/index.php/events/european-fuel-cell-conference-exhibition-2019
https://hydrogeneurope.eu/index.php/events/european-fuel-cell-conference-exhibition-2019
https://hydrogeneurope.eu/index.php/events/european-fuel-cell-conference-exhibition-2019
https://www.fcexpo.jp/en-gb.html
https://www.fcexpo.jp/en-gb.html
https://www.eurosolar.de/en/index.php/events/ires-conference-eurosolar
https://www.eurosolar.de/en/index.php/events/ires-conference-eurosolar
https://www.eurosolar.de/en/index.php/events/ires-conference-eurosolar
https://www.eurosolar.de/en/index.php/events/ires-conference-eurosolar
https://www.eseexpo.com/
https://www.eseexpo.com/
http://www.hypothesis.ws/
http://www.hypothesis.ws/
http://en.chfce.com/cnt_list_3_1.html
http://en.chfce.com/cnt_list_3_1.html
https://energynetworksconference.com.au/
https://energynetworksconference.com.au/
https://energynetworksconference.com.au/
https://www.fcdic.com/conference/
http://www.chfca.ca/resources/events/
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• International Energy Agency (IEA) 

• Hydrogen Council 

• California Hydrogen Business Council 

• International Hydrogen Fuel Cell Association 

• Fuel Cell and Hydrogen Association (FCHEA) 

• International Association for Hydrogen Energy (IAHE) 
 

The sharing of Chile's Strategy as it relates to specific countries that are the headquarters of important 
technological development companies, such as Japan, South Korea, China, France, USA and Germany, 
among others, can be supported by the respective embassies of these countries (specifically, the economics 
departments of the embassies) as well as their chambers of commerce. 
 
Figure 51 – Summary of the proposed dissemination activities for the Strategy 

 
Source: Produced by this project. 
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VI. REVIEWING OF THE CHILE GREEN HYDROGEN STRATEGY BY PROF. DR.-
ING. JOACHIM MULLER-KIRCHENBAUER, TECHNISCHE UNIVERSITAT 
BERLIN 

 

As a part of this consultancy, the final strategy was reviewed by Univ.-Prof. Dr.-Ing. Joachim Müller-
Kirchenbauer, professor of the lecture “Energy and Resource Management” of the Technische Universität 
Berlin”, whose main expertise refers to energy transition ad  gas supply. See list of his articles published in 
www.er.tu-berlin.de.  

About the document”  Creating a Strategy for the Development of a Green Hydrogen Market in Chile 
Through Public-Private Partnerships”, he has a positive overall conclusion, with the following findings: 

 

The basic analyses on the technological development and expected learning curve effects of the 
technological elements, the techno-economic assessments including current and forecasted levels of 
specific investments and levelized costs, the overview over the research projects and the published 
literature and project reports and international experiences are very comprehensive and cover all relevant 
areas and important elements.  

All important publications for the analysis at hand have been taken into account. 

In particular I have revised the following sections: 

 

III.2 – Tecnologías de hidrógeno verde 

III.4 – Dimensionamiento de oportunidad de mercado nacional e internacional 

III.5 – Análisis de los desafíos para el mercado eléctrico 

III.6 – Identificación de brechas; 

 

and found that the conclusions drawn in these sections as a basis for the development of strategies, action 
plans and follow-up monitoring, have been developed on a very sound and carefully analysed data and 
literature basis. 

The potential for harnessing renewable energy sources, especially the solar and wind resources, resulting in 
an interesting market opportunity for Chile in the production of green hydrogen, is clearly based on a solid 
fundament. The same is true for the estimate of the approximate dimension of this opportunity, 
considering that the hydrogen produced could be used in various national industries that could incorporate 
it into their processes at competitive costs, such as refineries, production of hydrogen derivatives, injection 

http://www.er.tu-berlin.de/


 

 
 
 
 
 
 

153 

 

into natural gas networks, transportation of cargo and passengers; the same is also true for the estimated 
value associated with this future national green hydrogen market and further potential in the international 
realm. 

The proposed strategy (section V. – Propuesta de estrategia para el desarrollo de un mercado de hidrogeno 
verde y potenciales acuerdos público privados) and the monitoring plan (section VI. – Plan de seguimiento y 
monitoreo) then contain to a large extent specific Chilean elements. I am not perfectly placed to assess 
these country-specific contents (e.g. stakeholder involvement, potential contributions from different 
parties etc.) and will therefore not comment on them. But I can clearly state that in these sections the 
methodological approach and its execution have been thoroughly explained and documented and to an 
outsider's view of the Chilean hydrogen and energy sector and the involved stakeholders, also these parts 
appear complete and highly diligent. 

The documentation of the workshops and their analytical bases, the driver analysis and development of 
solution approaches is exemplary. The synthesis of objectives, responsibilities, milestones, action plans and 
indicators for progress control should provide useful tools for the management of the process. In particular, 
elements for the flexible integration of contingency planning for dealing with imponderables are a very 
valuable component.   

Thus, the analyses of challenges, gaps and the proposed measures are complete. Overall, the technological 
analyses, the techno-economic assessments, the overview over the research projects and literature and the 
given recommendations are fully convincing. 

 

 

 

 
 


