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The world has experienced significant 
changes during the last few years, that have 
highlighted the increasingly evident negative 
impacts of climate change. These effects have 
disproportionately affected socially vulnerable 
populations, underscoring the urgent need 
to substantially reduce greenhouse gas (GHG) 
emissions. Additionally, the global energy crisis 
resulting from the conflict in Eastern Europe 
has accelerated the drive to reduce dependence 
on fossil fuels and enhance energy security. 
Consequently, there has been a heightened 
focus on aligning with the goals outlined in the 
Paris Agreement and prioritizing actions aimed 
at decarbonizing hard-to-abate sectors. 

Source: Own elaboration based on information 
from IRENA (IRENA, 2022a).

Figure 1. Six Technology Pathways to 
reduce GHG emissions

1. Introduction

Countries must continue their efforts to develop 
nationally determined contributions (NDCs) and 
work towards limiting global warming to 1.5°C. This 
can be achieved by swiftly adopting decarbonization 
solutions and policies to fulfill the commitments 
of achieving net-zero emissions. After an abrupt 
decline in GHG emissions from 2019 to 2020 due 
to the COVID-19 Pandemic, emissions rebounded 
to 2019 levels in 2021 (United Nations Environment 
Programme, 2022) and are without prompt and 
effective measures, they are expected to rise further. 
Large-scale and systemic transformation is necessary 
across all sectors, requiring a combination of actions.

To reach net-zero emissions by 2050, six 
decarbonization pathways have been identified, 
as depicted in Figure 1. These pathways can be 
categorized into four key measures: 

(I) enhancing energy efficiency; 
(II) electrifying processes through the use of renewable 
energy sources; 
(III) implementing carbon capture, utilization, and 
storage (CCUS), including bioenergy capture; and 
(IV) leveraging green and low-carbon hydrogen (GLCH). 
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Source: Prepared by authors based on the information from The World Resources Institute (Ritchie & Roser, 2020).

Figure 2. World GHG by Sectors

1 Transport accounts for 16% of GHG emissions and industry for 29% (Ritchie, H. & Roser, M., 2020).

Extensive implementation of the first two measures is currently underway, resulting in a significant 
reduction in the costs of solar and wind energy. On the other hand, the deployment of CCUS and GLCH 
is still in its early stages. In sectors that are relatively easier to electrify, interventions can be carried out 
utilizing renewable energy sources such as solar, wind, geothermal, biomass, and hydro power. However, 
addressing the hard-to-abate sectors like industry and transport will require more complex interventions, 
along with prioritizing the electrification of processes whenever feasible. It is worth noting that industry 
and transport together contribute to nearly 50% of the total GHG emissions, as depicted in Figure 2.1  

Therefore, the successful implementation of GLCH will play a critical role in reducing emissions within 
these two sectors. 

Besides their role in reducing emissions, these measures present an unprecedented opportunity to 
enhance energy access, generate new green jobs, foster the participation of marginalized communities, 
promote gender equality, bolster energy security, and shield consumers from the volatility of fossil fuel 
prices. When properly implemented, these measures can ensure a just energy transition, one that places 
people at the heart of the transition considering the technological transformation required to combat 
climate change. This approach takes into account the impact of climate change on the world’s most 
vulnerable communities.
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A human-centered transition towards renewable energy and GLCH entails addressing the needs of 
communities where these projects are developed. It recognizes the importance of ensuring access to 
energy and clean drinking water for these communities. Moreover, it aims to create job opportunities in 
the renewable energy sector and provide alternative sources of income for workers and local communities 
affected by the decommissioning of coal and power plants. Central to a just energy transition is the 
protection of indigenous territories, adherence to f prior and informed consent processes, and the active 
participation of affected communities and minorities in the implementation of policies and projects. 
It goes beyond the objective of solely reducing GHG emissions and integrates principles of justice and 
human rights. 

This report primarily focuses on deploying green 
hydrogen (GH2) in Latin America and the Caribbean (LAC) 
as a crucial component of their just energy transition. It 
underscores the significant role that LAC can play in the 
global supply of GH2 while simultaneously decarbonizing 
its own transportation and industrial sectors. 

LAC boasts immense potential for GH2 production, both 
for export and domestic use. The region possesses 
exceptional wind, solar, geothermal, and hydric resources, 
ranking among the world’s best. More than 60% of the 
energy generated in LAC is derived from renewable 
sources, and many countries in the region can develop an 
excess of clean energy beyond their own requirements 
(Paredes, 2017). Additionally, LAC’s strategic geographical 
location provides it with access to markets in Europe, 
Asia, and North America. 

To date, six countries in LAC have published hydrogen strategies or roadmaps, while six others are in the 
process of preparing theirs. Many countries in the region are also drafting specific public policies, incentives, 
and regulations related to GH2. As a result, numerous projects are being planned and developed across LAC, 
with over 85 pilot and commercial-scale GH2, green ammonia, and green methanol initiatives currently in 
progress. These projects will benefit from the existing oil and gas infrastructure in LAC.

However, LAC may require assistance in accessing public funds compared to other countries. Innovative 
structures and blended finance, as proposed in this report by the Inter-American Development Bank (IDB), 
will be necessary to mobilize private sector capital. Furthermore, additional studies are needed to fully 
exploit LAC’s potential for adequate GH2 production.

As a prominent source of development financing in LAC, the IDB plays an active role in promoting renewable 
energy generation and supporting the deployment of GLCH in the region. Over the past years, the IDB 
has worked closely with governments and private stakeholders in LAC to establish an industry for GH2 
production, local adoption, and export, along with its derivatives like green ammonia and methanol. The 
IDB also promotes regional cooperation to enhance competitiveness, identify synergies and opportunities, 
and strengthen negotiation positions with off-takers.
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The IDB currently has GLCH initiatives in most LAC countries, offering technical 
and financial assistance, pilot projects, grants, loans, as well as conducting 
evaluations of regional market potential and providing guidelines for GH2 
certification and safety standards. Eleven out of twelve national hydrogen 
strategies are financed and technically supported by the IDB. Additionally, 
the IDB has provided consulting services for prefeasibility studies in seven 
countries, value chain analyses in four countries, and legal framework 
drafting in four countries. Throughout its assistance, the IDB places a priority 
on environmental sustainability and the participation of local and indigenous 
communities in developing GLCH policies and projects, ensuring a just energy 
transition.

This report presents an overview of the status of GH2 in the region, aiming to 
provide guidance to decision-makers and investors regarding its deployment. 
The first section focuses on GH2 production and applications, while the second 
section provides insights into the state of GH2 in LAC, including hydrogen 
strategies, regulations, production costs for GH2 and green ammonia, available 
renewable energy, hydrogen projects, hubs, and off-takers. The third section 
elaborates on the IDB’s work in promoting GLCH in LAC, detailing the technical 
and financial assistance provided at both the country and regional levels. 
It also highlights alternative finance structures and additional studies that 
should be considered for GH2 deployment in LAC. The final section emphasizes 
key considerations for decision-makers to attract investment to the region 
through regional and national strategies, integrating green hydrogen into a 
just energy transition.
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2. Green Hydrogen: 
Production and Uses

Hydrogen, as an energy carrier, has traditionally been produced primarily from fossil fuels, especially 
natural gas, resulting in what is known as grey hydrogen. However, hydrogen itself is the most abundant 
element on Earth and needs to be separated from other compounds, such as oxygen (O2) in water (H2O), 
using an electrolyzer powered by renewable energy sources or extracted from methane (CH4), the 
main component of natural gas. In the case of GH2, the electrolysis process splits the H2O molecule into 
hydrogen (H2) and oxygen (O2) molecules when exposed to an electric current from a renewable source.

Currently, the cost of producing GH2 represents its 
main obstacle. Electricity and electrolyzers constitute 
the major cost components. In fact, electricity alone 
can account for up to 75% of the GH2 production cost 
(IEA, 2021b), while the electrolyzer stack makes up 50-
60% of the capital expenditure (CAPEX) (IEA, 2019a). 
Nevertheless, over the past decade, the cost of solar 
energy has decreased by 85%, while offshore and 
onshore wind costs have dropped by 48% and 56%, 
respectively (IRENA, 2022a), with further reductions 
anticipated. This decline will help mitigate the 
impact of electricity on the overall cost of GH2, as 
depicted in Figure 3. However, additional efforts are 
still necessary to further decrease electricity costs 
for GH2 production.

As shown in Figure 4, three-fold reductions in the cost of electrolyzers are also expected in terms of the 
current cost. As prices of renewables and electrolyzers continue to decline, the costs for GH2 production 
will drop significantly by 2050. 

Source: Prepared by authors.

Figure 3. GH2 Cost Structure by 2030
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The production of GH2 is just the initial step overall. While existing transport and storage infrastructure 
can be utilized, the entire value chain will require innovation and adaptation to meet the projected 
volumes of GH2 production and demand.  

The hydrogen value chain can be divided into three stages, as depicted in Figure 5: 

Source: IRENA (2020a). 2

Figure 4. Reduction of green hydrogen cost, electricity, and electrolyzers 

2 The graph was calculated using an average (US$65/MWh) and a low (US$20/MWh) electricity price, constant over the 2020-
2050 period

Production and transformation:  GH2 production involves the electrolysis process. Following 
this process, hydrogen is obtained in a gaseous form. However, it can be further processed 
by compression, liquefaction, or synthesis into other energy carriers such as ammonia, which 
facilitates its transportation. Alternatively, GH2 can be converted into green ammonia to be 
used in the production of fertilizers or synthetic fuels, with sustainable CO2 added to the GH2.

Transport and storage: Gaseous hydrogen can be transported via dedicated pipelines or 
existing natural gas pipelines. It can also be compressed and transported in containers 
using trucks, trains, or ships. Derivatives of hydrogen, such as synthetic fuels, methanol, and 
ammonia, which are in liquid form at room temperature, can be transported using existing 
oil and fossil fuel pipelines and associated infrastructure. Hydrogen can be stored in various 
forms, including underground geological formations like salt caverns, high-pressure cylinders, 
or steel and composite tanks. 

1

2
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End-use: Hydrogen serves multiple purposes as a raw material, fuel, or energy storage medium. 
It can be directly employed in industrial applications, for power generation and heating, or 
as a fuel for various modes of transportation, including road, sea, air, and rail. Additionally, 
hydrogen can be blended with natural gas for certain applications or utilized in the production 
of green ammonia, green methanol, fertilizers, and synthetic fuels. 

3

Figure 5. Hydrogen Value Chain

Source: Adapted from IRENA (2020), Green Hydrogen A Guide to Policy Making. 
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3. Status of Green Hydrogen 
in Latin America and the 

Caribbean 

As previously mentioned, the LAC region recognizes 
its significant potential for GH2 production, both for 
domestic use and export purposes. Consequently, 
numerous countries in the region are making progress 
on various fronts, including production, utilization, and 
export of GH2.  

GH2 is a critical component of just energy transition plans in LAC. Recognizing that a one-size-fits-all 
approach is not applicable, individual countries must design their strategies based on factors such as 
available resources, existing infrastructure, industrial value chain, domestic hydrogen demand, export 
opportunities, and geographical location. Currently, 12 countries in the region have either adopted or are 
in the process of developing GH2 strategies, as illustrated in Figure 6.

Chile, Colombia, Uruguay, Costa Rica, Trinidad and Tobago, and Panama have published their strategies 
in the past three years. Chile and Colombia are already working on updating their strategies despite 
their recent publication. Paraguay and Argentina have laid out initial hydrogen roadmaps, while Bolivia, 
Brazil, Ecuador, and Peru are in the process of developing their strategies.

These strategies share the common objective of gradually substituting grey hydrogen with GLCH, while 
also identifying new applications, particularly in the transport and industrial sectors. Some countries, 
such as Chile, Uruguay, and Colombia, have ambitious plans to produce and export GH2 and its derivatives. 
Argentina has positioned itself as an aspiring hydrogen exporting nation. Other countries, like Panama 
and Paraguay, aim to become transportation and logistical hubs, capitalizing on their strategic geographic 
locations. Trinidad and Tobago, leveraging its existing petrochemical facilities, operational experience, 
industry expertise, and associated infrastructure, is planning to develop a GLCH economy. 

Hydrogen Strategies, Public Policy and Regulations
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Countries in the LAC region are not only formulating hydrogen strategies but also actively working on 
developing laws, public policies, regulations, and funding programs to support the growth of GH2 (Figure 
6). Colombia stands out with its recently enacted law that provides tax incentives and establishes a 
general framework for GH2 projects. Argentina, although having a national hydrogen law issued in 2006, 
is currently updating it to align with current developments. Other countries, including Panama, Brazil, 
Paraguay, El Salvador, Peru, Costa Rica, and Mexico, are in the process of preparing specific hydrogen laws. 

Significant advancements are observed in public policies, regulations, and funding opportunities for 
GH2 across the region. Chile has taken multiple initiatives, such as establishing a guide for authorizing 
hydrogen projects and offering various financing schemes through the Corporation for Production 
Promotion (CORFO). The Chilean government also plans to grant land use concessions in fiscal lands 
to hydrogen project investors for up to 40 years. Uruguay has established the Green Hydrogen 
Sectorial Fund to finance projects and has assigned hydrogen-related responsibilities to the Energy 
and Water Services Regulatory Unit. In Colombia, government funding is being directed through the 
Nonconventional Energy Fund (FENOGE), while regulations pertaining to hydrogen blending, transport, 
industry, and environmental matters are being developed. Costa Rica has made progress in formulating 
a policy that utilizes the additional capacity of its national electrical system for GH2. 

Source: Prepared by authors based on hydrogen strategies, roadmaps, laws, regulations, and public information

Figure 6. Hydrogen National Strategies, Laws, and Regulations
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Figure 7. Average Levelized Cost of Green Hydrogen between 2025-2050

Indeed, the LCOH is not uniform across the LAC region or even within each country. The LCOH is influenced 
by factors such as the type and quality of renewable energy sources used for GH2 production and the specific 
region where production takes place.3 Considering the different LCOHs for each country, Figure 7 provides an 
average estimation of the LCOH for selected LAC countries, potential export competitors, including all regions 
and renewable energy sources4. The data indicates that the LCOH is projected to decrease in most countries 
by 2030 and 2050. By 2050, the prices are expected to be below US$2/kg in many countries, aligning with other 
countries aspiring to become hydrogen exporters, such as Namibia and Australia. 

While costs decrease, global demand for hydrogen is expected to rise, as shown in Figure 8. By 2050, GH2 
and GH2 fuels, along with other low-carbon hydrogen variants, are projected to completely replace grey 
hydrogen and establish a robust market presence as hydrogen finds new applications. 

Most national hydrogen strategies have conducted calculations on the Levelized Cost of Hydrogen 
(LCOH) to assess competitiveness and opportunities. Overall, the production costs in the LAC region 
position it as a major contender in the global hydrogen export market, as depicted  in Figure 7.

The Levelized Cost of Green Hydrogen and Ammonia Will 
Fall as Global Demand for GH2 Rises

Source: Prepared by authors based on national hydrogen strategies, roadmaps, and reports.

3 For example, in Colombia’s Northern Caribbean Region, which has abundant wind and solar resources, the LCOH for hydrogen 
was estimated to be around US$2.80/kg in 2020. The country expects this cost to decrease to US$2.20/kg by 2030 and further 
drop to US$1.50/kg by 2050 (Ministry of Mines and Energy of Colombia et al., 2021). In Costa Rica, the LCOH will depend on the 
technology employed. By 2025, solar-based hydrogen production is estimated to be the most expensive, ranging between 
US$4.90/kg and US$5.80/kg. However, it is expected to drop to US$1.60/kg by 2050. By 2030, the LCOH produced with wind 
energy is calculated between US$2 - 2,50 /kg (Government of Costa Rica, 2022).
4 The LCOH for Argentina, Costa Rica, Colombia, Chile, Uruguay, Trinidad, and Tobago, and Panama was derived from their 
respective hydrogen strategies or roadmaps. The LCOH for Brazil was obtained from a McKinsey & Company report for 2025 
and 2040. The data for Argentina was sourced from the document “Towards a National Strategy - Hydrogen 2030,” although 
it was not specified if it referred to Argentina specifically.
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It is expected that the demand for hydrogen in Latin America and the Caribbean (LAC) will increase, driven by 
both existing and new applications. In 2019, the total hydrogen demand in the region was 4.1 million tonnes 
(Mt), and this is projected to rise to nearly 7 Mt by 2030 (IEA, 2021b). The main concentration of demand is seen 
in countries such as Argentina, Brazil, Chile, Colombia, Mexico, Trinidad and Tobago, and Venezuela, primarily 
for the production of ammonia, methanol, and oil-refined products. These traditional uses will continue, while 
new applications will emerge in industries like cement, steel, and transportation, across most countries in the 
region, and not only as hydrogen but through its derivates, like green ammonia and green methanol. 

When considering the production costs of GH2 derivatives, it’s important to note that any reduction in GH2 
production will directly impact the cost of its derivatives. This is because it accounts for a significant portion of 
the production costs of these derivatives, approximately 60% for green ammonia and 75% for green methanol. 

While cost analyses for hydrogen derivatives may not have been included in many strategies, a recent study 
financed by the IDB indicates that by 2030, the average Levelized Cost of Ammonia (LCOA) could be around 
US$990/t, as shown in Figure 9. By 2040, the LCOA is projected to drop below US$800/t in most countries in 
the region. This study also highlights that countries with existing infrastructure for ammonia and methanol 
production, such as Trinidad and Tobago, have the potential to be competitive in the long run. However, 
to support the production of hydrogen derivatives, it is crucial to develop additional renewable energy 
capacity in the region.

Source: IRENA (2022). Geopolitics of the Energy Transformation: The Hydrogen Factor.

Figure 8. Estimates for global hydrogen demand in 2050
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Source: Prepared by authors based on hydrogen strategies, roadmaps, and studies.

Figure 9. Average Levelized Cost of Green Ammonia between 2030-2050

To achieve the target costs for GH2 and green ammonia production 
in LAC, countries in the region will need to increase their renewable 
energy capacity. This is because the cost of electricity accounts 
for up to 75% of GH2 production costs (IEA, 2021b). Fortunately, 
many countries in LAC already have a significant portion of 
their energy matrix coming from renewable sources but others 
must progress in decarbonizing their energy matrix. Costa Rica, 
Paraguay, and Uruguay already generate almost 100% of their 
energy from renewables, while Brazil, Ecuador, Peru, Panama, El 
Salvador, and Colombia generate over 60% of their energy from 
renewables, with a substantial contribution from hydroelectric 
power (Paredes, J., 2017).

Although the exact amount of additional renewable capacity required for GH2 production is still being 
calculated by most countries5, recent studies have provided estimates for the region in the next decades. 
Even if the significant part is destined for direct electricity consumption, there will be additional capacity for 
GH2 production.  In a business-as-usual scenario, LAC is projected to add 85 GW of renewable energy capacity 
by 2030 and 373 GW by 2050 (OLADE, 2022). However, if there is a faster deployment of renewable energy and 
battery storage, these numbers could increase to 183 GW by 2030 and 918 GW by 2050 (OLADE, 2022). 

Available and additional renewable energy 

GH2

5 However, some countries, like Uruguay, have calculated that the required installed capacity (20 GW) will reach its 10 GW goal 
of electrolyzer capacity by 2040 (Ferragut P. et al., 2022). 
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The commitment of LAC countries to installing additional renewable capacity for GH2 production is 
evident in their installed electrolyzer objectives. While the International Energy Agency (IEA) estimated 
16 GW of installed electrolyzer capacity for Latin America by 2030(IEA, 2022b), the combined objectives of 
the analyzed countries already amount to at least 34 GW. Chile has set the most ambitious goal, aiming 
for 25 GW of installed electrolyzer capacity by 2030. Considering that many countries, even without 
establishing electrolyzer objectives, have projects in the pipeline and that the global electrolyzer capacity 
by 2030 is projected to be between 134-240 GW, with over 10% of that attributed to Latin America (IEA, 
2022a), it is likely that the installed electrolyzer capacity in the region will exceed 20 GW by 2030, as 
shown in Figure 10. 

Source: Prepared by authors based on hydrogen roadmap, strategies, and reports. 

Figure 10.  Projected Electrolyzer Capacity in LAC between 2025-2050

Hydrogen Projects, Hubs and Off-takers

Although long terms objectives, such as the electrolyzer capacity described above, will attract investment, 
it is crucial to consider factors beyond renewable energy capacity. Port infrastructure, additional 
production, transformation, storage infrastructure, and logistics for trade and commerce, play a vital 
role in the development and operation of GH2 projects. Currently, there are over 60 pilot and commercial-
scale GH2 projects in various stages of development or production in LAC. Additionally, there are plans 
for at least 20 ammonia projects and 15 methanol projects, highlighting the potential for GH2 derivatives.



14

Figure 12 identifies potential export partners for the LAC region in the GH2 industry. The countries 
mentioned include Germany, the Netherlands, Japan, South Korea, and China. It is worth noting that 
the United States, despite its inclusion in the list, is expected to primarily supply its own GH2 needs. 
This is due to the incentives established for clean hydrogen in the Inflation Reduction Act (IRA) and the 
country’s aim to position itself as a global exporter of GH2 and derivatives.

Source: Prepared by authors based on Oxford (2022), Afif et al. (2022), Jain et al. (2022), IRENA (2021), IRENA (2020b), Christensen 
(2020), Caparrós Mancera et al. (2020), IEA (2019b), Rivarolo et al. (2019), Noh et al. (2019), COSIA (2018) and CSIRO (2016)

Figure 11. GH2 Projects, Hubs, and Clusters in LAC

To enhance competitiveness and efficiency, regional strategies should be adopted to establish GH2 hubs 
and clusters. These hubs would serve as connections between hydrogen consumers, producers, and 
exporters, leveraging shared infrastructure and renewable energy sources to reduce costs. IDB has been 
evaluating the region’s market potential and has identified 11 potential hubs for GH2 and various clusters 
for demand and export, production and export, and demand-supply dynamics (Figure 11). This analysis, 
based on examination of 33 countries, considers factors such as current renewable energy potential, 
logistics competitiveness, renewable energy regulations, existing GH2 and derivative projects, port 
infrastructure, and opportunities for specialization in key sectors. Figure 11 also presents the projected 
LCOH, LCOA, and Levelized Cost of Methanol (LCHM) for the different hubs in 2030 and 2040.6  

The analysis primarily focuses on countries in a more advanced phase of becoming GH2 exporters, 
including Mexico, Colombia, Trinidad and Tobago, and the Southern Cone countries. Countries like Peru, 
Ecuador, Costa Rica, and Bolivia are in earlier stages of GH2 development and are expected to contribute 
to the next wave of GH2 projects in the region.
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Source: Prepared by authors. 

Figure 12. Production, Transport, and Main Destination of GH2 and Derivates from LAC
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Source: Prepared by authors based on Oxford (2022), Afif et al. (2022), Jain et al. (2022), IRENA (2021), IRENA (2020b), Christensen 
(2020), Caparrós Mancera et al. (2020), IEA (2019b), Rivarolo et al. (2019), Noh et al. (2019), COSIA (2018) and CSIRO (2016).

Table 1. Analysis of the Destination Cost of Green H2 and its Derivatives from LAC’s Competitors to 
Europe.

Despite being relatively further from importing markets, such as Europe, the countries in the region offer 
highly competitive destination costs when compared to major competitors like Saudi Arabia, the United 
Arab Emirates, and Morocco. Table 1 presents the potential destination prices for the European market 
from selected hubs in 2030 and 2040, along with a comparison to prices from competing countries.
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4. The Inter-American 
Development Bank’s Technical 
and Financial Assistance for a 
Green Hydrogen Economy in 

Latin America and the Caribbean

The IDB has been actively supporting governments and private actors in the LAC region to 
develop and establish an industry for the production, local adoption, and export of GH2 and 
its primary derivatives, including ammonia and methanol. The bank’s efforts encompass both 
technical assistance and financial support, showcasing its commitment to the region.

The IDB is engaged in promoting GLCH initiatives 
across the majority of countries in the LAC 
region. In terms of technical assistance, the bank 
is involved in various initiatives, including pilot 
projects, the development of national GLCH 
strategies, conducting prefeasibility studies, 
and evaluating the regional market potential. 
Additionally, the IDB has taken the lead in 
establishing guidelines for GH2 certification 
and safety standards. Among the twelve LAC 
countries with national hydrogen strategies, the 
IDB is providing financial and technical support to 
eleven of them. Furthermore, the bank has offered 
its consulting services for prefeasibility studies in 
seven countries, conducted value chain analyses 
in four countries, and contributed to the drafting 
of legal frameworks in four countries.

The IDB’s Green Hydrogen Technical Assistance 
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Figure 13. The IDB action for developing green hydrogen capabilities in Latin America and the 
Caribbean

Source: Prepared by authors. 
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In addition to the market potential evaluation mentioned in the previous section, the IDB is involved in 
a regional study that encompasses GH2 certification and safety guidelines, as well as the establishment 
of a knowledge-sharing network among several countries in LAC. The countries involved in this 
initiative are Mexico, Panama, Trinidad and Tobago, El Salvador, Honduras, Colombia, Ecuador, Paraguay, 
Uruguay, and Bolivia. 

Product certification plays a vital role in the 
commercialization and off-take of hydrogen 
and its derivatives. It provides consumers with 
specific information about the product, including 
details about its place and time of production, the 
technology utilized, its carbon footprint, and other 
attributes defined within the certification scheme, 
such as sustainable water use and compliance with 
labor and environmental standards. By transparently 
conveying this information, certification ensures 
consumer confidence, willingness to pay, and product 
differentiation. 

The primary objective of the project “Guidelines on Harmonized Green Hydrogen 
Certification” is to develop a proposal for a renewable and low-carbon hydrogen 
certification system that takes into account the requirements of global certification 
systems while considering the specific characteristics of the LAC region. The ultimate aim 
is to achieve regional harmonization in the certification approach. As a subsequent step, 
the project seeks to deliver a practical guide for the implementation of the proposed 
certification system.

The proposal for a regional hydrogen 
certification system was developed through 
a comprehensive review of the state-of-
the-art in hydrogen certification systems 
worldwide, encompassing 17 existing or under-
development systems featured in Figure 14. 
The proposal also incorporates feedback from 
stakeholders in countries within the region 
that have made notable progress in developing 
their hydrogen ecosystems. Importantly, it 
takes into account the social, environmental, 
economic, and regulatory context specific to 
the region.

Figure 14. Certification systems in operation or under development worldwide
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Source: Prepared by authors.

Drawing from the benchmarking and analysis of hydrogen certification systems worldwide, as well as 
country-level examinations, the proposed regional certification scheme for LAC adopts a voluntary 
approach. The primary objective is to facilitate the intraregional market and prevent potential duplication 
of efforts that may arise if individual countries develop their own certification systems simultaneously, 
which can create difficulties at the moment with a greater degree of convergence and regional trade. 
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Figure 15. Attributes for a LAC Region Hydrogen Certification

Source: Prepared by authors

The envisioned LAC GH2 Certification should encompass key attributes already considered in other 
certification systems that are relevant for the region. One crucial aspect is efficiency, ensuring that the 
production process of green hydrogen is optimized, minimizing energy waste. Sustainability is another 
focal point, with a strong emphasis on verifying that hydrogen production exclusively relies on renewable 
energy sources, such as solar or wind power, to achieve a carbon-neutral outcome. The certification 
system also emphasizes the importance of adhering to stringent standards regarding the quality and 
purity of the hydrogen product. This ensures its suitability for various applications and end-users. Two 
vital aspects are addressed within this framework: water management, including the utilization of 
desalination and wastewater for GH2 production, and respect and inclusion of the native inhabitants 
and communities along the GH2 value chain. These elements underscore the concept of “just” GH2. In its 
entirety, the proposed certification scheme encompasses a comprehensive evaluation of critical aspects 
that promote the growth of a sustainable green hydrogen industry in the LAC region, as explained in 
Figure 15. It also incorporates features specific to the region that will be reflected in LAC certifications. 
This can serve as a differentiating factor for LAC-produced H2 and derivatives, facilitating their off-take 
and improving access to financing. Key considerations include sustainable consumption practices, the 
positive impact of projects on local communities and indigenous peoples, and responsible management 
of water resources (see Figure 15). 
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As a second key outcome of the “Guidelines on Harmonized Green Hydrogen Certification” project, 
a practical implementation guide is being developed to provide a navigation map for establishing a 
regional certification system in LAC. The following key steps have been identified and are recommended 
for the realization of such a certification scheme:

Stakeholder mapping and assessment of countries’ interest in establishing and implementing 
a regional certification scheme.

Awareness program addressed to decision makers to align knowledge on H2 certification 
between the countries interested in participating.

Appointment/designation of a coordinating body at the regional level to lead the process of 
establishing the governance structure:

1
2
3

These guidelines aspire to support the materialization of a certification scheme within the LAC region, 
and the IDB intends to provide further assistance in this initiative. 

At a regional level, IDB is also conducting an analysis of the potential and positioning of the Southern 
Cone (Argentina, Brazil, Chile, Uruguay, and Paraguay) as a global exporter of GH2 and its derivatives. 
This study takes into account the region’s abundant renewable energy resources and available land for 
GH2 projects. It also identifies various critical factors necessary for the development of export projects, 
including energy policy prioritization, legal and regulatory frameworks, establishment of global market 
creation and framework agreements between exporting and importing countries, certification systems, 
project inventory, regional integration, and demand hubs. Figure 16 illustrates the export potential of 
the Southern Cone countries, as indicated by the International Energy Agency (IEA, 2022b). 

• Establishment of the Scheme Owner, composed of a representative from each country 
participating in the initiative.

• Joint definition of the governance of interaction for establishing the scheme.

• Formation of a Stakeholder Group and Technical Committees, a heterogeneous group of 
actors representing both public and private sector interests, including renewable energy 
certifiers, national accreditation bodies, and allied institutions.

Agreement on the system design: validation of the scheme attributes and its management, 
based on the proposal; emission calculation methodology; and designation of the governance 
scheme of the other necessary actors.

Determination of the potential costs associated with developing and operating the regional 
certification system (CAPEX and OPEX).

Methodology for monitoring and verifying the implementation progress.

4
5
6
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Additionally, the IDB is in the final stages of a scoping study on the environmental, health, safety, and 
social management of GH2 in LAC. This study focuses on eight countries in the region and intends to 
analyze the main risks, impacts, and mitigation measures associated with the GH2 value chain and its 
derivatives. It also compares international best practices for environmental, health, safety, and social 
management in the hydrogen sector.

Furthermore, to ensure a reliable supply of hydrogen from LAC, it is necessary to conduct various studies 
(Figure 17) to understand the region’s renewable potential, the temporal distribution of renewable 
resources, and the maturity and planning of infrastructure needed.

Figure 16. Export Potential from the Southern Cone

Source: Prepared by authors based on IEA information. 
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Figure 17. Studies to Ensure Reliable Green Hydrogen & Derivates from LAC Production

Source: Prepared by authors. 
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The IDB recognizes the cost and financing challenges faced by GH2 projects in LAC and is providing 
financial assistance through innovative financing structures. Unlike countries such as the United States, 
with IRA, and those in Europe, with the Hydrogen Bank, LAC may require support to access public funds 
and subsidize GH2 projects. Financing structures for GH2 projects in the region will require a combination 
of public sector grants, government guarantees, tax benefits, long-term fixed-price off-take contracts, 
project finance, equity, and concessional funds. It is important that subsidies and tax benefits cover the 
entire GH2 value chain, including renewable energy plants, GH2 and derivatives production plants, and 
transportation and storage infrastructure. 

Raising capital for projects involving GH2 production through non-conventional and non-commercial 
renewable energy sources may require additional effort. Figure 18 presents an alternative approach 
to mitigate risks in sectors where private sector investment is limited. It involves a contingent 
recovery grant for a demonstration project that combines, for example, a geothermal plant and a 
GH2 production plant with storage and transportation. Developers repay the funds to the second-
tier bank under the IDB’s supervision if the project achieves positive results based on predefined 
Key Performance Indicators (KPIs). Conversely, if the project’s KPI results deviate from expectations, 
the funding is considered a non-reimbursable grant. Figure 19 offers another alternative, where a 
contingent recovery grant is provided as a loan to a public entity that establishes a Special Purpose 
Vehicle (SPV) with a mix of public and private capital.

LAC can leverage its competitive advantage 
of lower renewable energy costs compared to 
its competitors and utilize existing oil and gas 
infrastructure that can be repurposed for GH2 
production and its derivatives. The region can 
also tap into blended finance from climate funds 
and bilateral funding sources. To mobilize private 
sector capital, innovative financing structures and 
blended finance approaches through development 
banks are necessary, as depicted in Figures 18-
20. These funding schemes involve second-tier 
local development banks or government entities 
that channel funding towards the private sector, 
thereby attracting private sector investment. 

The IDB’s Green Hydrogen Financial Assistance 
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Figure 18. Contingent Recovery Grant for a Demonstration Project

Source: Prepared by authors. 

Figure 19. Contingent Recovery Grants for GH2 projects where public-private investors are 
Special Purpose Vehicles

Source: Prepared by authors. 
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Finally, Figure 20 presents an alternative to decarbonize heavy industry and boost innovative Small and 
Medium Enterprises (SMEs) that provide decarbonization services or goods. 

The Chilean government’s achievement of securing a $400 million loan from the IDB 
to advance the development of green hydrogen in the country stands as a significant 
milestone. This successful funding arrangement, facilitated through a second-tier financing 
institution, serves as an exemplary model that other countries in the region can emulate. 
The collaboration between the IDB and the Corporación de Fomento de la Producción 
de Chile (CORFO) aims to strengthen the GH2 value chain and expedite decarbonization 
initiatives. Chile’s attainment of this loan underscores the crucial factors that contribute to 
its success, such as public support, the establishment of enabling conditions, investment in 
human capital, fostering public-private collaboration, and nurturing support for innovative 
enterprises in the realm of green hydrogen. By showcasing this effective financing model, 
Chile sets a precedent for other countries in the region to explore similar avenues for 
propelling sustainable and clean energy transitions.

Figure 20. Decarbonizing Heavy Industry through Small and Medium Enterprises

Source: Prepared by authors. 

First Green Hydrogen Facility in LAC financed by the IDB
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5. Final Considerations for Green 
and Just Hydrogen Deployment 

in Latin America and the 
Caribbean 

Regional cooperation is crucial to complement national strategies and enhance the competitiveness of 
LAC in the global GH2 market. By working together, countries can identify synergies, explore opportunities, 
and strengthen their negotiation position with off-takers. This requires the establishment of institutional 
and infrastructure agreements to develop a robust GH2 market and ensure the seamless functioning of 
the entire value chain. 

The implementation of a regional certification scheme, as discussed earlier, is a significant step towards 
positioning LAC as a competitive player, while facilitating negotiations with major off-takers such as the 
European Union. As the EU establishes common certification schemes and negotiation strategies, it is 
imperative for LAC countries with GH2 export aspirations to form regional agreements with Europe and 
Asia, enabling collective negotiations rather than individual country-level discussions.

While national strategies are vital, investment decisions in the GH2 sector depend on various factors such 
as legal stability, long-term government signals, regulatory clarity, financing options, and the availability 
of infrastructure. 

Regional cooperation to strengthen LAC’s position in the global GH2 market

National strategies are essential but not enough

In the pursuit of a just energy transition, LAC combines the principles of green and just hydrogen. This 
means that all GH2 transactions should consider the perspectives of native inhabitants, civil society, and 
the communities that may befit, hopefully not be affected, by GH2 and derivatives projects.  

Socioeconomic impacts vary depending on the region and project size. It is crucial to ensure that 
GH2 production adheres to just principles, addressing environmental measures and concerns of local 
communities, native inhabitants, indigenous peoples, with particular attention to disadvantaged groups. 
Issues related to land acquisition, land use fragmentation, and socioeconomic implications should be 
carefully assessed during the early planning phase, with appropriate mitigation measures put in place. 

Green and just hydrogen
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The active engagement of local communities is essential for the development of new infrastructure 
elements that enable the reduction of costs associated with GH2 production. The case of Colombia’s La 
Guajira region exemplifies how addressing its social challenges can contribute to reducing production 
costs and enhancing the competitiveness of GH2 projects. Since la Guajira has a high renewable potential 
over Cartagena and Barranquilla, it achieves better production costs on green hydrogen, methanol, 
and ammonia at costs up to 33% lower than in other regions as shown in figure 21. By involving local 
communities in the planning and implementation processes, their valuable knowledge and insights can 
be harnessed to identify suitable sites, favorable environmental conditions, and efficient production 
techniques. This collaborative approach not only enhances the economic viability of GH2 projects but 
also takes into account the social and environmental considerations and aspirations of the communities, 
fostering a just and sustainable energy transition. Moreover, incorporating local perspectives enables 
a thorough assessment of potential environmental impacts and facilitates the implementation of 
measures to mitigate any adverse effects, ensuring the preservation of ecological balance and the well-
being of both communities and natural ecosystems.

Figure 21. Local Community Participation Could Be a Key Driver for the Competitiveness of the GH2

Source: Prepared by authors based on Oxford (2022), Afif et al. (2022), Jain et al. (2022), IRENA (2021), IRENA (2020b), Christensen 
(2020), Caparrós Mancera et al. (2020), IEA (2019b), Rivarolo et al. (2019), Noh et al. (2019), COSIA (2018) and CSIRO (2016)
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Partnerships between private entities at different stages of the value chain have emerged globally as 
a means to share risks and investment costs. In Latin America, it is crucial to leverage the expertise of 
the oil and gas and petrochemical industries to create synergies with renewable energy companies and 
end-users. Public-private partnerships are also essential for attracting significant investments from the 
private sector.

Partnerships across the GH2 value chain

To streamline the environmental permitting process for GH2 projects in some countries, it is recommended 
to adopt a single permitting procedure that covers all project components, from the renewable energy 
plant to the facilities for GH2 derivatives conversion. Environmental impact assessments should include 
social impacts, water usage, wastewater discharge, biodiversity conservation measures, efficient resource 
utilization, and pollution prevention measures.

Given the potential concentration of multiple GH2 projects in specific regions, it is crucial for countries 
to assess and monitor the cumulative environmental and social impacts. Promoting the construction of 
shared infrastructure, such as ports, transmission lines, and pipelines, can help mitigate these impacts.

GH2 and its derivatives, particularly ammonia, methanol, and synthetic fuels, should be prioritized for 
hard-to-decarbonize sectors where energy efficiency and direct electrification are not feasible. This 
includes sectors such as maritime, road and air transport, industry, mining, and agriculture. Additionally, 
using ammonia as a carrier for transporting GH2 can be a more cost-effective and practical solution than 
transporting hydrogen directly. 

Environmental Permitting

GH2 Derivates

Latin America possesses abundant wind, solar, and hydropower resources and it generates excess clean 
energy, which position the region as one of the most competitive in the world for GH2 production. 
However, to fully capitalize on this potential, electricity costs need to decrease as they constitute a 
significant portion of the LCOH (IEA, 2021b). Increasing renewable energy capacity is also crucial.

One approach to reducing electricity costs is to establish off-grid renewable energy plants dedicated to 
GH2 production. By avoiding grid fees and taxes, these plants can operate at a lower cost. Another option 
is the development of hybrid plants that combine various renewable energy sources such as solar, wind, 
batteries, geothermal, and surplus hydropower. Harnessing economies of scale is also vital for renewable 
energy projects, as larger plants can generate cheaper power with the same level of sunlight or wind.

Additional and low-cost renewable energy



31

6. References

1. Afif, M.B.; Afif, A.B.; Apostoleris, H.; Gandhi, K.; Dadlani, A.; Ghaferi, A.A.; Torgersen, J.; Chiesa, M. Ultra-Cheap Renewable 
Energy as an Enabling Technology for Deep Industrial Decarbonization via Capture and Utilization of Process CO2 Emissions. 
Energies 2022, 15, 5181. Retrieved from https://doi.org/10.3390/en15145181

2. Ángel, A. & Márquez, J. (2022). Estándares de sostenibilidad para la regulación del mercado de hidrógeno: estudio de 
certificación de hidrógeno. Inter-American Development Bank. Retrieved from https://publications.iadb.org/es/estandares-
de-sostenibilidad-para-la-regulacion-del-mercado-de-hidrogeno-estudio-de-certificacion 

3. Caparrós Mancera, J.J.; Segura Manzano, F.; Andújar, J.M.; Vivas, F.J.; Calderón, A.J. An Optimized Balance of Plant for a 
Medium-Size PEM Electrolyzer: Design, Control and Physical Implementation. Electronics 2020, 9, 871. Retrieved from
https://doi.org/10.3390/electronics9050871

4. Christensen, A. (2020). Assessment of Hydrogen Production Costs from Electrolysis: United States and Europe. Retrieved 
from https://theicct.org/wp-content/uploads/2021/06/final_icct2020_assessment_of-_hydrogen_production_costs-v2.pdf

5. Congress of Argentina (2006). Ley 26.123 de 2006. Retrieved from http://servicios.infoleg.gob.ar/infolegInternet/
anexos/115000-119999/119162/norma.htm

6. Congress of Colombia (2021). Ley 2099 de 2021. Retrieved from https://www.funcionpublica.gov.co/eva/gestornormativo/
norma.php?i=166326 

7. Congress of Paraguay (2023). Presentan proyecto de marco jurídico para uso del hidrógeno como alternativa energética. 
Retrieved from http://www.diputados.gov.py/index.php/noticias/presentan-proyecto-de-marco-juridico-para-uso-del-
hidrogeno-como-alternativa-energetica

8. Congress of Peru (2022). Proyecto de Ley: Ley de Hidrógeno Verde. Retrieved from https://wb2server.congreso.gob.pe/spley-
portal-service/archivo/NTE4ODc=/pdf/PL0327220221012

9. COSIA, GHG Working group (2018). Emerging and Existing Oxygen Production Technology Scan and Evaluation. Retrieved 
from https://cosia.ca/sites/default/files/attachments/22164-%20Oxygen%20Generation%20Technologies%20Review%20-%20
Rev0.pdf

10. CSIRO (2016). Cost assessment of hydrogen production from PV and electrolysis. Retrieved from https://arena.gov.au/
assets/2016/05/Assessment-of-the-cost-of-hydrogen-from-PV.pdf

11. Economic and Social Council of Argentina (2021). Hacia una estrategia nacional: Hidrógeno 2030. Retrieved from  https://
www.argentina.gob.ar/sites/default/files/segundo_documento_ces_hidrogeno.pdf  

12. Ferragut, P., Goldenberg, F., Correa, C., and Gischler, C. (2022). Hidrógeno verde y el potencial para Uruguay: insumos para 
la elaboración de la Hoja de Ruta de Hidrógeno Verde de Uruguay. Retrieved from https://publications.iadb.org/es/hidrogeno-
verde-y-el-potencial-para-uruguay-insumos-para-la-elaboracion-de-la-hoja-de-ruta-de

13. Government of Australia, Advisian and CEFC (2021). Australian hydrogen market study. Retrieved from https://www.cefc.
com.au/media/nhnhwlxu/australian-hydrogen-market-study.pdf  

14. Government of Colombia (2022). Decreto 1476 de 2022. Retrieved from  https://www.funcionpublica.gov.co/eva/
gestornormativo/norma.php?i=191408 

15. Government of Costa Rica (2022). Estrategia Nacional de H2 Verde. Retrieved from https://cicr.com/wp-content/
uploads/2022/10/Est_Na_Plan_Accion_Hidrogeno_Verde_CR_220921.pdf 

https://doi.org/10.3390/en15145181
https://publications.iadb.org/es/estandares-de-sostenibilidad-para-la-regulacion-del-mercado-de-hidrogeno-estudio-de-certificacion
https://publications.iadb.org/es/estandares-de-sostenibilidad-para-la-regulacion-del-mercado-de-hidrogeno-estudio-de-certificacion
https://doi.org/10.3390/electronics9050871
https://theicct.org/wp-content/uploads/2021/06/final_icct2020_assessment_of-_hydrogen_production_costs-v2.pdf
http://servicios.infoleg.gob.ar/infolegInternet/anexos/115000-119999/119162/norma.htm
http://servicios.infoleg.gob.ar/infolegInternet/anexos/115000-119999/119162/norma.htm
https://www.funcionpublica.gov.co/eva/gestornormativo/norma.php?i=166326
https://www.funcionpublica.gov.co/eva/gestornormativo/norma.php?i=166326
http://www.diputados.gov.py/index.php/noticias/presentan-proyecto-de-marco-juridico-para-uso-del-hidrogeno-como-alternativa-energetica
http://www.diputados.gov.py/index.php/noticias/presentan-proyecto-de-marco-juridico-para-uso-del-hidrogeno-como-alternativa-energetica
https://wb2server.congreso.gob.pe/spley-portal-service/archivo/NTE4ODc=/pdf/PL0327220221012
https://wb2server.congreso.gob.pe/spley-portal-service/archivo/NTE4ODc=/pdf/PL0327220221012
https://cosia.ca/sites/default/files/attachments/22164-%20Oxygen%20Generation%20Technologies%20Review%20-%20Rev0.pdf
https://cosia.ca/sites/default/files/attachments/22164-%20Oxygen%20Generation%20Technologies%20Review%20-%20Rev0.pdf
https://arena.gov.au/assets/2016/05/Assessment-of-the-cost-of-hydrogen-from-PV.pdf
https://arena.gov.au/assets/2016/05/Assessment-of-the-cost-of-hydrogen-from-PV.pdf
https://www.argentina.gob.ar/sites/default/files/segundo_documento_ces_hidrogeno.pdf
https://www.argentina.gob.ar/sites/default/files/segundo_documento_ces_hidrogeno.pdf
https://publications.iadb.org/es/hidrogeno-verde-y-el-potencial-para-uruguay-insumos-para-la-elaboracion-de-la-hoja-de-ruta-de
https://publications.iadb.org/es/hidrogeno-verde-y-el-potencial-para-uruguay-insumos-para-la-elaboracion-de-la-hoja-de-ruta-de
https://www.cefc.com.au/media/nhnhwlxu/australian-hydrogen-market-study.pdf 
https://www.cefc.com.au/media/nhnhwlxu/australian-hydrogen-market-study.pdf 
https://www.funcionpublica.gov.co/eva/gestornormativo/norma.php?i=191408
https://www.funcionpublica.gov.co/eva/gestornormativo/norma.php?i=191408
https://cicr.com/wp-content/uploads/2022/10/Est_Na_Plan_Accion_Hidrogeno_Verde_CR_220921.pdf
https://cicr.com/wp-content/uploads/2022/10/Est_Na_Plan_Accion_Hidrogeno_Verde_CR_220921.pdf


32

16. Government of Panama (2023). Estrategia Nacional de Hidrógeno Verde y Derivados de Panamá. Retrieved from https://
www.gacetaoficial.gob.pa/pdfTemp/29771_B/98196.pdf 

17. International Energy Agency (2019a). The Future of Hydrogen: Seizing Today’s opportunities. Retrieved from https://iea.
blob.core.windows.net/assets/9e3a3493-b9a6-4b7d-b499-7ca48e357561/The_Future_of_Hydrogen.pdf 

18. International Energy Agency (2019b). The Future of Hydrogen: Seizing today’s opportunities - Data and assumptions. 
Retrieved from https://iea.blob.core.windows.net/assets/29b027e5-fefc-47df-aed0-456b1bb38844/IEA-The-Future-of-
Hydrogen-Assumptions-Annex_CORR.pdf

19. International Energy Agency (2021a) Ammonia Technology Roadmap, Towards more sustainable nitrogen fertilizer 
production. Retrieved from https://iea.blob.core.windows.net/assets/6ee41bb9-8e81-4b64-8701-2acc064ff6e4/
AmmoniaTechnologyRoadmap.pdf

20. International Energy Agency (2021b). Hydrogen in Latin America: From near-term opportunities to large-scale 
deployment. Retrieved from https://iea.blob.core.windows.net/assets/65d4d887-c04d-4a1b-8d4c-2bec908a1737/IEA_
HydrogeninLatinAmerica_Fullreport.pdf    

21. International Energy Agency (2022a). Electrolyzers, Technology deep dive. Retrieved from https://www.iea.org/reports/
electrolysers  

22. International Energy Agency (2022b). Global Hydrogen Review 2022. Retrieved from https://iea.blob.core.windows.net/
assets/c5bc75b1-9e4d-460d-9056-6e8e626a11c4/GlobalHydrogenReview2022.pdf

23. IRENA (2020a). Green Hydrogen: A Guide to Policy Making. Retrieved from https://www.irena.org/-/media/Files/IRENA/
Agency/Publication/2020/Nov/IRENA_Green_hydrogen_policy_2020.pdf?rev=c0cf115d8c724e4381343cc93e03e9e0 

24. IRENA (2020b). Green hydrogen cost reduction. Retrieved from https://www.irena.org/-/media/Files/IRENA/Agency/
Publication/2020/Dec/IRENA_Green_hydrogen_cost_2020.pdf?rev=4ce868aa69b54674a789f990e85a3f00

25. IRENA (2021). Innovation Outlook: Renewable Methanol. Retrieved from https://www.irena.org/-/media/Files/IRENA/
Agency/Publication/2021/Jan/IRENA_Innovation_Renewable_Methanol_2021.pdf?rev=ca7ec52e824041e8b20407ab2e6c7341 

26. IRENA (2022a). World Energy Transitions Outlook 2022 1.5° C Pathway. Retrieved from https://www.irena.org/-/media/files/
irena/agency/publication/2022/mar/irena_weto_summary_2022.pdf?la=en&hash=1da99d3c3334c84668f5caae029bd9a076c10079 

27. IRENA (2022b). Geopolitics of the Energy Transformation: The Hydrogen Factor. Retrieved from https://www.irena.org/-/
media/Files/IRENA/Agency/Publication/2022/Jan/IRENA_Geopolitics_Hydrogen_2022.pdf?rev=1cfe49eee979409686f101ce24ffd71a  

28. Jain, M., Muthalathu, R., Wu, X. Y. (2022). Electrified ammonia production as a commodity and energy storage medium to 
connect the food, energy, and trade sectors. iScience, 25(8), 104724. Retrieved from https://doi.org/10.1016/j.isci.2022.104724 

29. Jugessur, S., Xun Low, Q., Gischler, C., Bonzi Teixeira, A., Thoma, C., Lessey-Kelly, T., Ramgattie, A. & Maynard, M. (2022). 
Inter-American Development Bank. The Roadmap to a Green Hydrogen Economy in Trinidad & Tobago. Retrieved from https://
publications.iadb.org/en/roadmap-green-hydrogen-economy-trinidad-and-tobago

30. McKinsey & Company (2021). Green Hydrogen: an opportunity to create sustainable wealth in Brazil and the world. 
Retrieved from https://www.mckinsey.com/br/en/our-insights/hidrogenio-verde-uma-oportunidade-de-geracao-de-riqueza-
com-sustentabilidade-para-o-brasil-e-o-mundo   

31. Ministry of Energy of Chile (2020). Estrategia Nacional de Hidrógeno Verde. Retrieved from https://energia.gob.cl/sites/
default/files/estrategia_nacional_de_hidrogeno_verde_-_chile.pdf 

32. Ministry of Energy of Chile (2021). Guía de apoyo para solicitud de autorización de proyectos especiales de hidrógeno. 
Retrieved from https://energia.gob.cl/sites/default/files/guia_proyectos_especiales_hidrogeno_2021.pdf

33. Ministry of Industry, Energy and Mining of Uruguay (2022). Green Hydrogen Roadmap in Uruguay. Retrieved from https://
www.gub.uy/ministerio-industria-energia-mineria/sites/ministerio-industria-energia-mineria/files/documentos/noticias/
Green%20Hydrogen%20Roadmap%20in%20Uruguay.pdf 

https://www.gacetaoficial.gob.pa/pdfTemp/29771_B/98196.pdf
https://www.gacetaoficial.gob.pa/pdfTemp/29771_B/98196.pdf
https://iea.blob.core.windows.net/assets/9e3a3493-b9a6-4b7d-b499-7ca48e357561/The_Future_of_Hydrogen.pdf
https://iea.blob.core.windows.net/assets/9e3a3493-b9a6-4b7d-b499-7ca48e357561/The_Future_of_Hydrogen.pdf
https://iea.blob.core.windows.net/assets/29b027e5-fefc-47df-aed0-456b1bb38844/IEA-The-Future-of-Hydrogen-Assumptions-Annex_CORR.pdf
https://iea.blob.core.windows.net/assets/29b027e5-fefc-47df-aed0-456b1bb38844/IEA-The-Future-of-Hydrogen-Assumptions-Annex_CORR.pdf
https://iea.blob.core.windows.net/assets/6ee41bb9-8e81-4b64-8701-2acc064ff6e4/AmmoniaTechnologyRoadmap.pdf
https://iea.blob.core.windows.net/assets/6ee41bb9-8e81-4b64-8701-2acc064ff6e4/AmmoniaTechnologyRoadmap.pdf
https://iea.blob.core.windows.net/assets/65d4d887-c04d-4a1b-8d4c-2bec908a1737/IEA_HydrogeninLatinAmerica_Fullreport.pdf
https://iea.blob.core.windows.net/assets/65d4d887-c04d-4a1b-8d4c-2bec908a1737/IEA_HydrogeninLatinAmerica_Fullreport.pdf
https://www.iea.org/reports/electrolysers
https://www.iea.org/reports/electrolysers
https://iea.blob.core.windows.net/assets/c5bc75b1-9e4d-460d-9056-6e8e626a11c4/GlobalHydrogenReview2022.pdf
https://iea.blob.core.windows.net/assets/c5bc75b1-9e4d-460d-9056-6e8e626a11c4/GlobalHydrogenReview2022.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2020/Nov/IRENA_Green_hydrogen_policy_2020.pdf?rev=c0cf115d8c724e4381343cc93e03e9e0
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2020/Nov/IRENA_Green_hydrogen_policy_2020.pdf?rev=c0cf115d8c724e4381343cc93e03e9e0
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2020/Dec/IRENA_Green_hydrogen_cost_2020.pdf?rev=4ce868aa69b54674a789f990e85a3f00
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2020/Dec/IRENA_Green_hydrogen_cost_2020.pdf?rev=4ce868aa69b54674a789f990e85a3f00
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2021/Jan/IRENA_Innovation_Renewable_Methanol_2021.pdf?rev=ca7ec52e824041e8b20407ab2e6c7341
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2021/Jan/IRENA_Innovation_Renewable_Methanol_2021.pdf?rev=ca7ec52e824041e8b20407ab2e6c7341
https://www.irena.org/-/media/files/irena/agency/publication/2022/mar/irena_weto_summary_2022.pdf?la=en&hash=1da99d3c3334c84668f5caae029bd9a076c10079
https://www.irena.org/-/media/files/irena/agency/publication/2022/mar/irena_weto_summary_2022.pdf?la=en&hash=1da99d3c3334c84668f5caae029bd9a076c10079
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2022/Jan/IRENA_Geopolitics_Hydrogen_2022.pdf?rev=1cfe49eee979409686f101ce24ffd71a
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2022/Jan/IRENA_Geopolitics_Hydrogen_2022.pdf?rev=1cfe49eee979409686f101ce24ffd71a
https://doi.org/10.1016/j.isci.2022.104724
https://publications.iadb.org/en/roadmap-green-hydrogen-economy-trinidad-and-tobago
https://publications.iadb.org/en/roadmap-green-hydrogen-economy-trinidad-and-tobago
https://www.mckinsey.com/br/en/our-insights/hidrogenio-verde-uma-oportunidade-de-geracao-de-riqueza-com-sustentabilidade-para-o-brasil-e-o-mundo
https://www.mckinsey.com/br/en/our-insights/hidrogenio-verde-uma-oportunidade-de-geracao-de-riqueza-com-sustentabilidade-para-o-brasil-e-o-mundo
https://energia.gob.cl/sites/default/files/estrategia_nacional_de_hidrogeno_verde_-_chile.pdf
https://energia.gob.cl/sites/default/files/estrategia_nacional_de_hidrogeno_verde_-_chile.pdf
https://energia.gob.cl/sites/default/files/guia_proyectos_especiales_hidrogeno_2021.pdf
https://www.gub.uy/ministerio-industria-energia-mineria/sites/ministerio-industria-energia-mineria/files/documentos/noticias/Green%20Hydrogen%20Roadmap%20in%20Uruguay.pdf
https://www.gub.uy/ministerio-industria-energia-mineria/sites/ministerio-industria-energia-mineria/files/documentos/noticias/Green%20Hydrogen%20Roadmap%20in%20Uruguay.pdf
https://www.gub.uy/ministerio-industria-energia-mineria/sites/ministerio-industria-energia-mineria/files/documentos/noticias/Green%20Hydrogen%20Roadmap%20in%20Uruguay.pdf


33

34. Ministry of Mines and Energy of Colombia, Inter-American Development Bank, UK Government, I-deals, Instituto de 
Investigación Tecnológica and Montoya & Asociados (2021). Colombia’s Hydrogen Roadmap. Retrieved from https://www.
minenergia.gov.co/documents/5862/Colombias_Hydrogen_Roadmap_2810.pdf 

35. Ministry of Public Works and Communications of Paraguay (2021). Hacia la ruta del hidrógeno verde en Paraguay. Retrieved 
from https://www.ssme.gov.py/vmme/pdf/H2/H2%20Marco_Conceptual_DIGITAL.pdf

36. National Assembly of Panama (2023). Proyecto de ley que establece la promoción e implementación del hidrógeno verde 
como combustible y vector energético en la República de Panamá. Retrieved from https://asamblea.gob.pa/APPS/SEG_LEGIS/
PDF_SEG/PDF_SEG_2020/PDF_SEG_2023/2023_A_199.pdf 

37. Noh H, Kang K, Huh C, Kang S-G, Han SJ, Kim H. Conceptualization of CO2 Terminal for Offshore CCS Using System 
Engineering Process. Energies. 2019; 12(22):4350. Retrieved from https://doi.org/10.3390/en12224350

38. OLADE (2022). Panorama Energético de América Latina y El Caribe 2022. Retrieved from https://www.olade.org/wp-content/
uploads/2023/01/Panorama-ALC-13-12-2022.pdf

39. Oxford (2022). Cost-competitive green hydrogen: how to lower the cost of electrolysers? Retrieved from
https://a9w7k6q9.stackpathcdn.com/wpcms/wp-content/uploads/2022/01/Cost-competitive-green-hydrogen-how-to-lower-
the-cost-of-electrolysers-EL47.pdf

40. Paredes, J. (2017). La Red del Futuro: Desarrollo de una red eléctrica limpia y sostenible para América Latina. Inter-American 
Development Bank. Retrieved from https://publications.iadb.org/publications/spanish/viewer/La-Red-del-Futuro-Desarrollo-
de-una-red-el%C3%A9ctrica-limpia-y-sostenible-para-Am%C3%A9rica-Latina.pdf 

41. Peruvian Hydrogen Association. Hoja de Ruta del Hidrógeno Verde en el Perú al 2050. Retrieved from https://h2.pe/uploads/
Li%CC%81nea-de-tiempo.jpg    

42. Republic of Namibia (2022). Namibia. Green Hydrogen and Derivatives Strategy. Retrieved from https://gh2namibia.com/
wp-content/uploads/2022/11/Namibia-GH2-Strategy-Rev2.pdf 

43. Republic of South Africa and Engie Impact (2021). South Africa Hydrogen Valley Final Report. Retrieved from https://www.
dst.gov.za/images/2021/Hydrogen_Valley_Feasibility_Study_Report_Final_Version.pdf 

44. Ritchie, H. & Roser, M. (2020). Emissions by sector. Retrieved from https://ourworldindata.org/emissions-by-sector#sector-
by-sector-where-do-global-greenhouse-gas-emissions-come-from 

45. Rivarolo M, Riveros-Godoy G, Magistri L, Massardo AF. Clean Hydrogen and Ammonia Synthesis in Paraguay from the Itaipu 
14 GW Hydroelectric Plant. ChemEngineering. 2019; 3(4):87. Retrieved from https://doi.org/10.3390/chemengineering3040087

46. Senate of Brazil (2022). Projeto de Lei n° 725, de 2022. Retrieved from https://www25.senado.leg.br/web/atividade/
materias/-/materia/152413

47. Senate of Mexico (2022). Trabajo Legislativo para convertir al Hidrógeno en una alternativa de combustible en México. 
Retrieved from http://bibliodigitalibd.senado.gob.mx/bitstream/handle/123456789/5718/ML_221.pdf?sequence=1&isAllowed=y 

48. Signoria, C. & Barlettani, M. (2023). Environmental, Health, Safety, and Social Management of Green Hydrogen in Latin 
America and the Caribbean: A Scoping Study. Inter- American Development Bank. Retrieved from https://publications.
iadb.org/publications/english/viewer/Environmental-Health-Safety-and-Social-Management-of-Green-Hydrogen-in-Latin-
America-and-the-Caribbean.pdf 

49. United Nations Environment Programme (2022). Emissions Gap Report 2022: The Closing Window — Climate crisis calls for 
rapid transformation of societies. Retrieved from https://www.unep.org/emissions-gap-report-2022

https://www.minenergia.gov.co/documents/5862/Colombias_Hydrogen_Roadmap_2810.pdf
https://www.minenergia.gov.co/documents/5862/Colombias_Hydrogen_Roadmap_2810.pdf
https://www.ssme.gov.py/vmme/pdf/H2/H2%20Marco_Conceptual_DIGITAL.pdf
https://asamblea.gob.pa/APPS/SEG_LEGIS/PDF_SEG/PDF_SEG_2020/PDF_SEG_2023/2023_A_199.pdf
https://asamblea.gob.pa/APPS/SEG_LEGIS/PDF_SEG/PDF_SEG_2020/PDF_SEG_2023/2023_A_199.pdf
https://doi.org/10.3390/en12224350
https://www.olade.org/wp-content/uploads/2023/01/Panorama-ALC-13-12-2022.pdf
https://www.olade.org/wp-content/uploads/2023/01/Panorama-ALC-13-12-2022.pdf
https://a9w7k6q9.stackpathcdn.com/wpcms/wp-content/uploads/2022/01/Cost-competitive-green-hydrogen-how-to-lower-the-cost-of-electrolysers-EL47.pdf
https://a9w7k6q9.stackpathcdn.com/wpcms/wp-content/uploads/2022/01/Cost-competitive-green-hydrogen-how-to-lower-the-cost-of-electrolysers-EL47.pdf
https://publications.iadb.org/publications/spanish/viewer/La-Red-del-Futuro-Desarrollo-de-una-red-el%C3%A9ctrica-limpia-y-sostenible-para-Am%C3%A9rica-Latina.pdf
https://publications.iadb.org/publications/spanish/viewer/La-Red-del-Futuro-Desarrollo-de-una-red-el%C3%A9ctrica-limpia-y-sostenible-para-Am%C3%A9rica-Latina.pdf
https://h2.pe/uploads/Li%CC%81nea-de-tiempo.jpg
https://h2.pe/uploads/Li%CC%81nea-de-tiempo.jpg
https://gh2namibia.com/wp-content/uploads/2022/11/Namibia-GH2-Strategy-Rev2.pdf
https://gh2namibia.com/wp-content/uploads/2022/11/Namibia-GH2-Strategy-Rev2.pdf
https://www.dst.gov.za/images/2021/Hydrogen_Valley_Feasibility_Study_Report_Final_Version.pdf
https://www.dst.gov.za/images/2021/Hydrogen_Valley_Feasibility_Study_Report_Final_Version.pdf
https://ourworldindata.org/emissions-by-sector#sector-by-sector-where-do-global-greenhouse-gas-emissions-come-from
https://ourworldindata.org/emissions-by-sector#sector-by-sector-where-do-global-greenhouse-gas-emissions-come-from
https://doi.org/10.3390/chemengineering3040087
https://www25.senado.leg.br/web/atividade/materias/-/materia/152413
https://www25.senado.leg.br/web/atividade/materias/-/materia/152413
http://bibliodigitalibd.senado.gob.mx/bitstream/handle/123456789/5718/ML_221.pdf?sequence=1&isAllowed=y  
https://publications.iadb.org/publications/english/viewer/Environmental-Health-Safety-and-Social-Management-of-Green-Hydrogen-in-Latin-America-and-the-Caribbean.pdf
https://publications.iadb.org/publications/english/viewer/Environmental-Health-Safety-and-Social-Management-of-Green-Hydrogen-in-Latin-America-and-the-Caribbean.pdf
https://publications.iadb.org/publications/english/viewer/Environmental-Health-Safety-and-Social-Management-of-Green-Hydrogen-in-Latin-America-and-the-Caribbean.pdf
https://www.unep.org/emissions-gap-report-2022









