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ABSTRACT

The Philippines is exploring different alternative sources of energy to become energy-independent while significantly reducing the country’s greenhouse 
gas emissions. Green hydrogen from renewable energy is one of the most sustainable alternatives with its application as an energy carrier and as a 
source of clean and sustainable energy as well as raw material for various industrial processes. As a preliminary study in the country, this paper aims 
to explore different production and utilization routes for a green hydrogen economy in the Philippines. Production from electrolysis includes various 
available renewable sources consisting of geothermal, hydropower, wind, solar, and biomass as well as ocean technology and nuclear energy when 
they become available in the future. Different utilization routes include the application of green hydrogen in the transportation, power generation, 
industry, and utility sectors. The results of this study can be incorporated in the development of the pathways for hydrogen economy in the Philippines 
and can be applied in other emerging economies.
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1. INTRODUCTION

To limit the average global temperature rise below 1.5 degrees, 
different countries are taking rapid and far-reaching actions to 
reduce greenhouse gas (GHG) emissions toward achieving climate 
neutrality. Various climate mitigation strategies include but are 
not limited to the deployment of energy-efficient technologies, 
promotion of low-carbon fuels, optimization of power grid mix, 
incorporation of the carbon trade mechanism, development of 
low-carbon supply chain, advocating low-carbon lifestyles, among 
others (Geng et al., 2018).

Another promising technology is green or renewable hydrogen, 
from the electrolysis of water using renewable energy (RE), which 
can be substituted for fossil fuels. Theoretically, green hydrogen 
can store surplus RE, support decarbonizing hard-to-electrify 
sectors such as long-distance transport and heavy industry, and 
substitute fossil fuels as a zero-emission feedstock in chemicals 

and fuel production (van Renssen, 2020). In recent years, the rapid 
growth in interest and investments in green hydrogen is observed in 
different countries due to stronger climate regulations, decreasing 
cost of producing hydrogen from clean sources, improvement 
in the cost and performance of hydrogen technologies, and the 
availability of technological infrastructure to support a hydrogen 
energy system (ESMAP, 2020).

Corresponding to the Sustainable Development Goal (SDG) 7 of 
ensuring access to affordable, reliable, sustainable, and modern 
energy for all, the country launched its medium-term Philippine 
Development Plan 2017-2022 of attaining a strongly rooted, 
comfortable, and secure life by 2040 via the adoption of innovative 
technologies while ensuring ecological integrity, clean, and healthy 
environment (NEDA, 2017). One of these technologies includes 
the use of green hydrogen as an energy source for electricity 
generation, utilities, and transportation. Recently, the Department 
of Energy (DOE) signed a Memorandum of Understanding 
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(MOU) with Star Scientific Ltd., an Australian-based research and 
development company, to facilitate the country’s move towards 
the production of green hydrogen (DOE, 2021). The company 
offers its cutting-edge technology called Hydrogen Energy Release 
Optimizer (HERO) which transforms hydrogen into heat without 
combustion. With the potential benefits of green hydrogen, the 
collaboration promises various possibilities to addressing the 
increasing energy demand while reducing its GHG emissions.

At present, the Philippines is exploring the potential of all possible 
routes for green hydrogen pathways in the country. This paper 
aims to provide a primary investigation of the different production 
and application of green hydrogen in the Philippines. Specifically, 
we aim at addressing the questions: what are the possible sources 
of clean and sustainable energy for green hydrogen production; 
what are the different utilization pathways for green hydrogen; 
and what government policies facilitate the realization of a green 
hydrogen economy. We further aim to propose a framework for 
green hydrogen production and utilization that can be applied in 
the case country and other developing economies.

2. BACKGROUND OF ENERGY SOURCES 
IN THE PHILIPPINES

The Philippines is a developing country in Southeast Asia with a 
gross domestic product (GDP) of USD 360 billion and a 5-year 
average GDP growth rate of 6.56% before the pandemic. While 
the Philippines is an agricultural country, the agriculture, forestry, 
and fisheries sector only account for 10% of the economy. The 
service sector drives the economy with a 61% share followed by 
the industry sector at 29% share (PSA, 2021). Its main industries 
include manufacturing; construction; electricity, steam, water, and 
waste management; and mining and quarrying.

The archipelagic country is composed of 7641 islands 
interconnected by road and railway, aviation, and maritime 
transport (Guno, Collera, and Agaton, 2021). It has an almost 
110 million population with a growth rate of 1.4% per year. The 
continuous growth in population and economic development has 
resulted in a consistently increasing demand for energy for various 
purposes including utilities, industry, and transportation. While the 
country has an ample amount of natural reserves of fossil fuels, 
it is still highly dependent on imported coal and oil resulting in 
unstable energy security and sustainability (Agaton, 2018).

To address this problem, the country is exploring all sustainable 
and alternative sources of energy including RE sources (RES). 
At present, RES accounts for 21% of the total energy mix 
dominated by geothermal (10%) and hydropower (8%) with 
limited utilization of wind (1%), solar (1%), and biomass (1%). 
Considering the geographic location in the Pacific, the country 
has vast potential of RES capacity from the ocean (170GW), 
wind (77GW), hydropower (10GW), geothermal (4GW), solar 
(1.5GW), and biomass (0.5GW) (Guno, Agaton, Villanueva, 
and Villanueva, 2021) In the 1970s, the Philippines built its 
first nuclear power plant but never operated after finishing the 
construction due to safety issues (Agaton, 2017).

Recently, the DOE signed a deal to explore the potential of 
hydrogen as one of the alternative sources of energy and help 
the country address its issues in energy independence as well as 
reducing GHG emissions. The memorandum of understanding 
between the government and Star Limited aims to investigate 
how the HERO technology be used to convert the existing power 
assets to unlimited zero-emissions hydrogen assets; the viability of 
increased distribution of zero-emission power using the HERO’s 
Super Critical CO2 grid network; and desalination options for 
both existing and new systems throughout the Philippines using 
the HERO technology (DOE, 2021). Alongside the development 
of renewable energy infrastructures, the production of green 
hydrogen from electrolysis is expected to supply cheaper, cleaner, 
and more sustainable energy carriers for power generation in 
remote areas, household utility purposes, and as industrial raw 
materials.

3. GREEN HYDROGEN PRODUCTION

The biggest challenge to green hydrogen is that it will require 
vast amounts of renewable power (van Renssen, 2020). 
Complementarily, the Philippines’ geographic advantage promises 
a huge potential for renewable energy generation which can be 
tapped for the production of green hydrogen. Figure 1 illustrates 
the possible production routes of green hydrogen which include 
geothermal, hydropower, wind, solar, biomass, ocean, and nuclear.

Geothermal is thermal energy generated and stored in the Earth. It 
originates from the geothermal gradient between the cooler surface 
of the Earth and the radioactive decay of minerals from the core 
producing thermal energy in the form of heat from the core to 
the surface (Jiang et al., 2017). Currently, it is the most abundant 
and cheapest RES in the Philippines due to its mature technology 
and the country’s location in the Pacific ring of fire (Agaton, 
2018). Additionally, the two most compelling advantages to using 
geothermal energy are the low or zero carbon emissions making 
it one of the cleanest energy sources and it can provide power for 
24 hours in a continuous manner which other RES cannot (Jiang 
et al., 2017). Since it can only be used for electricity generation, 
direct use of heat, and heat pumps, it is reasonable to combine it 
with other solutions including the production of green hydrogen to 
store the underutilized energy for future use (Mostafaeipour et al., 
2020). Continuous electricity generation at the lowest possible 
cost makes green hydrogen production from geothermal highly 
cost-effective and sustainable.

Figure 1: Hydrogen production and utilization
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Hydropower is generated from the falling water from a reservoir or 
flowing water from streams and rivers which are employed to turn 
the blades of a water turbine to generate electricity (Heidari et al., 
2020). Along with geothermal energy, hydropower dominates 
the RES in the Philippines given its mountainous terrain and 
abundance of rainwater (Agaton, 2018). Aside from biodiversity 
loss from the construction of dams, one problem with hydropower 
is the excess water directed to the spillway which causes erosion, 
landslide, and flooding the nearby communities especially during 
rainy seasons (Culaba and Marfori, 2020). On the other hand, this 
excess energy and water during high-throughput seasons can be 
tapped to produce green hydrogen, which could supply shortages 
of energy in remote areas in the country (Nadaleti et al., 2020). 
The main advantage of hydropower is its utilization at both base 
and peak load electricity generation as well as its reliability at fast 
startup which makes it a suitable source of renewable energy for 
peak load generation (Heidari et al., 2020).

Wind energy is another prime candidate for green hydrogen 
production specifically from onshore wind farms. Wind energy is 
produced from the kinetic energy of the natural wind converted 
into mechanical energy by the wind turbine which generates 
electric power (Salam et al., 2018). At present, wind energy, albeit 
with huge potential, makes up a small percentage of the total 
energy generation mix in the Philippines. With the archipelagic 
nature of the country, islands with high potential for wind 
energy production are not connected to the national grid limiting 
the mass development of wind infrastructures. However, this 
curtailment can be tapped with the conversion of excessive RE 
into other types of energy such as green hydrogen (Yan et al., 
2018). Additionally, given the intermittent production of RE 
from wind due to fluctuations in wind speed, green hydrogen 
can be used to store excess RE as well as to provide additional 
service to the grid for power balance smoothing (Abdelghany 
et al., 2020). This sets an advantage of hybrid systems which 
improve the reliability of the whole system, decrease the cost of 
implementation and maintenance, and reduce GHG emissions 
(Rezaei et al., 2019).

Solar energy is another promising source of green hydrogen which 
could be economically competitive and commercially viable in the 
next years (Burton et al., 2021). In this system, PV cells are used 
to create electrical energy and an electrolyzer passes this electric 
current through water, causing the water molecules to separate into 
hydrogen and oxygen gases (Ture, 2007). While the neighboring 
countries in Asia embraced solar energy, the Philippines still 
underutilized this energy source despite its location advantage 
in the tropics and great potential to harness solar energy (Guno, 
Agaton, Villanueva, and Villanueva, 2021). In line with the 
government’s aim to tap this potential by awarding micro- to 
mini-grid solar projects particularly in remote areas (Agaton and 
Karl, 2018), this can also be used to produce green hydrogen to 
provide an additional energy source, household use, as well as a 
transportation fuel. With the decreasing trend in the cost of solar 
PV and electrolyzers, hybrid solar-hydrogen energy systems 
have significant potentialities in electrifying remote communities 
with low energy generation costs, as well as a contribution to the 
reduction of their carbon footprint (Dawood et al., 2020).

Ocean energy could be another source of green hydrogen, however, 
it seemed to be delayed in development in terms of capacity as 
compared with other renewables. At present, the DOE has identified 
possible sites for Ocean Thermal Energy Conversion (OTEC), 
tidal-in-stream, and wave energy in different locations in the 
Philippines. Ocean wave energy is considered a concentrated form 
of solar energy as the waves produced by the winds are created 
from the pressure differences in the earth’s atmosphere which are 
a product of differential solar heating (Quitoras et al., 2018). In 
this method, a wave energy converter system interacts with the sea 
waves, converts the kinetic energy into electricity which will be 
fed in the hydrogen generation system where the received energy 
is used in the electrolysis of the pre-processed sea water (Yavuz, 
2020). While the OTEC is still not mature compared with the wind 
or solar, co-producing green hydrogen makes electricity production 
cost from the ocean much cheaper (Banerjee et al., 2017).

Biomass is another renewable and sustainable source of energy that 
can replace fossil fuels for hydrogen production. As an agricultural 
country, the Philippines has a great potential to produce hydrogen 
from biomass as the country is abundant in various agricultural 
wastes such as livestock manure and plant residues of rice, corn, 
sugarcane, and coconut; as well as agro-industrial and municipal 
organic wastes with millions of tons generated per year (Ventura 
et al., 2021). Various processes for hydrogen production include 
biomass gasification, pyrolysis, reforming, fermentation, among 
others (Baeyens et al., 2020; Shahabuddin et al., 2020). These 
processes may produce CO2 which is arguably acceptable 
considering the life cycle analyses of the production is carbon-
neutral (Valente et al., 2020). Compared with other hydrogen 
production routes (including those from fossil fuels), hydrogen 
from biomass is still considered an economical and promising 
technology due to its carbon neutrality, environmentally friendly, 
sustainability, and renewable characteristics (Tan et al., 2020).

Nuclear energy is one of the most economically attractive options 
for hydrogen production. A nuclear hybrid energy system has the 
potential to capitalize the production of multiple commodities 
(electricity and hydrogen) and allowing electricity grid load to 
produce hydrogen during low electricity prices. Hence, the nuclear 
reactor can continuously operate at full capacity and can utilize the 
excess heat and electricity towards hydrogen production which can 
either be sold for other purposes or converted back to electricity 
using fuel cells during periods with a higher price (Pinsky et al., 
2020). While the Philippines constructed its first nuclear power 
plant in 1973, it was never operated due to numerous protests 
related to the threat of nuclear disasters following the Long Mile 
Island accident, controversies on corruption and substandard 
quality, and nuclear safety (Agaton, 2017). In recent years, the 
government is considering rehabilitating the mothballed plant 
and construct four additional nuclear power plants as a long-term 
option for an energy source in the country that could also be tapped 
for the production of green hydrogen.

4. UTILIZATION OF GREEN HYDROGEN

The country’s DOE considers a lot of potentials for green hydrogen 
for the local industry given that it is seen as the fuel of the future. 
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In line with the Philippine Energy Plan 2012-2030 and the recent 
MOU, we illustrate in Figure 1 the possible utilization pathways 
for green hydrogen. These include the transport, power generation, 
industry, and utility sectors.

Transportation is a key sector in the Philippines that connects its 
islands through road, rail, maritime, and aviation (Guno, Collera, 
and Agaton, 2021). At present the country, the sector contributes to 
18% of the country’s total GHG emissions. In line with the PEP and 
public utility modernization program, the country is decarbonizing 
the transport sector by replacing old vehicles with electric, 
hydrogen-fueled, hybrid, and other low-carbon vehicles in the 
transport system (Guno, Collera, and Agaton, 2021). For hydrogen-
powered vehicles or fuel cell vehicles, the hydrogen can be used 
as a fuel in a traditional engine which is combusted in a chamber, 
or used in fuel cells to generate energy that drives an electric 
motor (Turoń, 2020). The same mechanism is also applicable for 
battery-electric and fuel cell maritime transport vehicles which will 
connect the Philippine islands with zero emissions. On the other 
hand, its application in the aviation community continues to face 
complex challenges including the lack of infrastructure required 
to provide hydrogen fuel for the industry as well as alteration of 
both aircraft designs and airport operations (Baroutaji et al., 2019). 
Therefore, the short- to medium-term application in the aviation 
industry is still not included in the utilization pathways for green 
hydrogen in the case country.

The power sector dominated by fossil fuels is the main contributor 
to GHG emissions. Along with the development of localized RES 
to reduce the emissions from the power sector, the government 
plans to transform the old coal plants with the HERO systems to 
green hydrogen plants (DOE, 2021). The MOU with Star also 
explores the possibilities of co-producing electricity and green 
hydrogen at onshore wind farms. With the expected penetration of 
RE, energy storage should also be developed at equal magnitudes. 
During periods of high supply and low demand, electricity can be 
transformed into an energy carrier such as green hydrogen which 
can be tapped during high demand and for several applications in 
other sectors as needed by different end-users.

The industry sector is another major contributor to the country’s 
GHG emissions. Among the major industries include manufacturing, 
construction, mining and quarrying, and electricity, gas, and water 
supply (PSA, 2021). The petroleum refining industry has the highest 
demand for hydrogen, followed by the production of several chemicals 
such as ammonia, fertilizer, methanol, and other petrochemical 
products, and industrial heat source. At present, Pilipinas Shell is 
constructing integrated blue hydrogen (from fossil fuels with carbon 
capture) manufacturing facility to improve the competitiveness of the 
refinery and a dedicated carbon recovery facility will also be set up 
to convert the by-product of carbon dioxide for industrial purposes or 
for selling to manufacturers of dry ice or carbonated drinks. The said 
blue hydrogen will serve as an enabler to green hydrogen utilization 
when the latter becomes readily available in the Philippine market soon.

The country’s dependence on imported fossil fuels, unstable 
electricity supply, and unreliable power infrastructures have 
caused longstanding problems in power outages in several 

areas in the Philippines particularly the households from 
remote islands (Agaton and Karl, 2018). Green hydrogen as 
the energy storage medium can provide a reliable supply of 
electricity, especially for the communities inhabiting distant 
locations (Widera, 2020). As a fuel source, it can replace 
natural gas for household cooking and heating purposes (Scott 
and Powells, 2020). Finally, it can be used to provide safe 
and clean water through a hybrid hydrogen-desalination plant 
which will be particularly beneficial to remote communities 
with a lack of drinking water.

5. CONCLUSION AND RECOMMENDATION

Green hydrogen as an energy carrier and fuel plays a crucial 
role in total decarbonization towards achieving the climate 
targets. With the country’s abundance of sustainable energy 
sources, the Philippines sees a huge potential for green 
hydrogen production. The current study identified various 
production routes including the electrolysis from geothermal, 
hydropower, wind, solar, and biomass as well as ocean and 
nuclear energies once they become available in the country. 
Complementary to the deployment of different renewable 
energy sources, green hydrogen can be utilized for the 
decarbonization of various sectors such as transportation, 
power generation, industry, and utility.

With the Philippine government’s goal of attaining continuous 
economic growth by 2040 through the adoption of innovative 
technologies while ensuring ecological integrity, a healthy, and 
clean environment, the utilization of green or renewable hydrogen 
as added renewable energy sources could not be timelier and more 
significant. Moreover, this will be the Government’s initiative in 
attaining Sustainable Development Goal #7 for affordable and 
clean energy. However, its realization also rests on sustainable 
governance –leadership anchored into looking after the welfare 
of the present generation without compromising the well-being 
of the future generations resulting in the crafting of long-term 
public policies.

The adoption of this new technology in the Philippines entails 
the formulation of policies, programs, and initiatives, in 
addition to the existing renewable energy law and the Philippine 
Energy Plan 2017-2040, that will facilitate the utilization of 
these renewable energy sources. To enable the realization of a 
green hydrogen economy in the country, the government must 
first intensify the development of infrastructures for renewable 
energy sources for green hydrogen production; strictly 
enforce the transport modernization program with the use of 
more sustainable fuel for transportation; encourage different 
industry for a circular economy with sustainable production; 
and accelerate the consumption of more sustainable fuels for 
household utilities and energy generation particularly in remote 
communities in the country.

Despite the research’s limited analysis, this preliminary study can 
be used as a basis for further development to investigate various 
aspects of the green hydrogen roadmap for the Philippines as well 
as for other developing countries.



Collera and Agaton: Opportunities for Production and Utilization of Green Hydrogen in the Philippines

International Journal of Energy Economics and Policy | Vol 11 • Issue 5 • 2021 41

6. ACKNOWLEDGEMENT

The authors acknowledge the support from University of Science 
and Technology of Southern Philippines.

REFERENCES

Abdelghany, M.B., Shehzad, M.F., Liuzza, D., Mariani, V., Glielmo, L. 
(2020), Modeling and Optimal Control of a Hydrogen Storage 
System for Wind Farm Output Power Smoothing 2020 59th IEEE 
Conference on Decision and Control (CDC).

Agaton, C. (2017), Coal, Renewable, or nuclear? A real options approach 
to energy investments in the Philippines. International Journal of 
Sustainable Energy and Environmental Research, 6(2), 50-62.

Agaton, C.B. (2018), Use coal or invest in renewables: A real options 
analysis of energy investments in the Philippines. Renewables: Wind, 
Water, and Solar, 5(1), 1-8.

Agaton, C.B., Karl, H. (2018), A real options approach to renewable 
electricity generation in the Philippines. Energy, Sustainability and 
Society, 8(1), 1-9.

Baeyens, J., Zhang, H., Nie, J., Appels, L., Dewil, R., Ansart, R., Deng, 
Y. (2020), Reviewing the potential of bio-hydrogen production by 
fermentation. Renewable and Sustainable Energy Reviews, 131, 110023.

Banerjee, S., Musa, M.N., Jaafar, A.B. (2017), Economic assessment and 
prospect of hydrogen generated by OTEC as future fuel. International 
Journal of Hydrogen Energy, 42(1), 26-37.

Baroutaji, A., Wilberforce, T., Ramadan, M., Olabi, A.G. (2019), 
Comprehensive investigation on hydrogen and fuel cell technology 
in the aviation and aerospace sectors. Renewable and Sustainable 
Energy Reviews, 106, 31-40.

Burton, N.A., Padilla, R.V., Rose, A., Habibullah, H. (2021), Increasing 
the efficiency of hydrogen production from solar powered water 
electrolysis. Renewable and Sustainable Energy Reviews, 135, 110255.

Culaba, A.B., Marfori, I.A.V. (2020), Micro-hydro power system. In: 
Sustainable Energy Solutions for Remote Areas in the Tropics. 
p109-145.

Dawood, F., Shafiullah, G.M., Anda, M. (2020), Stand-alone microgrid 
with 100% renewable energy: A case study with hybrid solar PV-
battery-hydrogen. Sustainability, 12(5), 1-17.

DOE. (2021), DOE Signs MOU to Start Scientific Research on Hydrogen 
Potential for PH. Department of Energy. Available from: https://www.
doe.gov.ph/press-releases/doe-signs-mou-start-scientific-research-
hydrogen-potential-ph.

ESMAP. (2020), Green hydrogen in developing countries. In: Energy 
Sector Management Assistance Program.

Geng, Y., Fujita, T., Chiu, A., Dai, H., Hao, H. (2018), Responding to the 
Paris climate agreement: Global climate change mitigation efforts. 
Frontiers in Energy, 12(3), 333-337.

Guno, C.S., Agaton, C.B., Villanueva, R.O., Villanueva, R.O. (2021), 
Optimal investment strategy for solar PV integration in residential 
buildings: A case study in the Philippines. International Journal of 
Renewable Energy Development, 10(1), 79-89.

Guno, C.S., Collera, A.A., Agaton, C.B. (2021), Barriers and drivers of 
transition to sustainable public transport in the Philippines. World 
Electric Vehicle Journal, 12(1), 46.

Heidari, A., Esmaeel Nezhad, A., Tavakoli, A., Rezaei, N., Gandoman, 
F.H., Miveh, M.R., Ahmadi, A., Malekpour, M. (2020), A 
comprehensive review of renewable energy resources for electricity 
generation in Australia. Frontiers in Energy, 14(3), 510-529.

Jiang, L., Zhu, L., Hiltunen, E. (2017), Large-scale geo-energy 
development: Sustainability impacts. Frontiers in Energy, 13(4), 
757-763.

Mostafaeipour, A., Dehshiri, S.J.H., Dehshiri, S.S.H. (2020), Ranking 
locations for producing hydrogen using geothermal energy in 
Afghanistan. International Journal of Hydrogen Energy, 45(32), 
15924-15940.

Nadaleti, W.C., dos Santos, G.B., Lourenço, V.A. (2020), The potential 
and economic viability of hydrogen production from the use of 
hydroelectric and wind farms surplus energy in Brazil: A national 
and pioneering analysis. International Journal of Hydrogen Energy, 
45(3), 1373-1384.

NEDA. (2017), Philippine Development Plan 2017-2022, National 
Economic and Development Authority. Available from: http://www.
pdp.neda.gov.ph/wp-content/uploads/2017/01/pdp-2017-2022-07-
20-2017.pdf?fbclid=iwar2a6djk1g1ksvwkzdkie028f5vsxwaiscrhg
ustfx4jm_arcsxxnri4xqa.

Pinsky, R., Sabharwall, P., Hartvigsen, J., O’Brien, J. (2020), Comparative 
review of hydrogen production technologies for nuclear hybrid 
energy systems. Progress in Nuclear Energy, 123, 103317.

PSA. (2021), Q1 2018 to Q4 2021 National Accounts of the Philippines, 
Philippine Statistics Authority. Available from: https://www.psa.gov.
ph/sites/default/files/q4%202020%20nap%20publication_rlv069.pdf.

Quitoras, M.R.D., Abundo, M.L.S., Danao, L.A.M. (2018), A techno-
economic assessment of wave energy resources in the Philippines. 
Renewable and Sustainable Energy Reviews, 88, 68-81.

Rezaei, M., Mostafaeipour, A., Qolipour, M., Momeni, M. (2019), Energy 
supply for water electrolysis systems using wind and solar energy 
to produce hydrogen: A case study of Iran. Frontiers in Energy, 
13(3), 539-550.

Salam, M.A., Yazdani, M.G., Rahman, Q.M., Nurul, D., Mei, S.F., 
Hasan, S. (2018), Investigation of wind energy potentials in Brunei 
Darussalam. Frontiers in Energy, 13(4), 731-741.

Scott, M., Powells, G. (2020), Sensing hydrogen transitions in homes through 
social practices: Cooking, heating, and the decomposition of demand. 
International Journal of Hydrogen Energy, 45(7), 3870-3882.

Shahabuddin, M., Krishna, B.B., Bhaskar, T., Perkins, G. (2020), 
Advances in the thermo-chemical production of hydrogen from 
biomass and residual wastes: Summary of recent techno-economic 
analyses. Bioresource Technology, 299, 122557.

Tan, R.S., Abdullah, T.A.T., Johari, A., Md Isa, K. (2020), Catalytic steam 
reforming of tar for enhancing hydrogen production from biomass 
gasification: A review. Frontiers in Energy, 14(3), 545-569.

Ture, E. (2007), Hydrogen production from solar energy. In: Assessment 
of Hydrogen Energy for Sustainable Development. p135-146.

Turoń, K. (2020), Hydrogen-powered vehicles in urban transport systems-
current state and development. Transportation Research Procedia, 
45, 835-841.

Valente, A., Iribarren, D., Dufour, J. (2020), Prospective carbon footprint 
comparison of hydrogen options. Science of The Total Environment, 
728, 138212.

van Renssen, S. (2020), The hydrogen solution? Nature Climate Change, 
10(9), 799-801.

Ventura, J.R.S., Rojas, S.M., Ventura, R.L.G., Nayve, F.R.P., 
Lantican, N.B. (2021), Potential for biohydrogen production from 
organic wastes with focus on sequential dark-and photofermentation: 
The Philippine setting. In: Biomass Conversion and Biorefinery. 
Berlin: Springer.

Widera, B. (2020), Renewable hydrogen implementations for combined 
energy storage, transportation and stationary applications. Thermal 
Science and Engineering Progress, 16, 1004602451.

Yan, X., Zhang, X., Gu, C., Li, F. (2018), Power to gas: Addressing 
renewable curtailment by converting to hydrogen. Frontiers in 
Energy, 12(4), 560-568.

Yavuz, H. (2020), Modelling and simulation of a heaving wave energy 
converter based PEM hydrogen generation and storage system. 
International Journal of Hydrogen Energy, 45(50), 26413-26425.


