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Abstract: Making use of hydrogen demand and supply forecasts reported by ERIA (2024) for the 
oil refining, ammonia, methanol, and steel industries in the Association of Southeast Asian 
Nations, this paper studies the carbon emission reduction potential of blue and green hydrogen 
for these large-scale industries until 2050. Future hydrogen supply and demand under the 
International Energy Agency’s announced pledges scenario are examined for each of these four 
industrial sectors, the corresponding carbon emissions calculated, and their future carbon 
emission reduction potential estimated. The potential of ammonia fuels and methanol for e-fuels 
is also considered. Levelised cost of hydrogen estimates and various carbon price scenarios are 
studied to calculate the government subsidies required to help finance the transition from grey to 
green and blue hydrogen production in the four industrial sectors in Southeast Asia in the coming 
decades. The insights gained inform policy strategies for a future industrial hydrogen 
decarbonisation transition.      
Keywords: hydrogen, industry, carbon dioxide, emission 
JEL classification: L20, O14, O25, Q42, Q48 

 
* Corresponding authors 
† The authors thank Dr Akhmad Zainal Abidin and Veradika Elsye from Bandung Institute of 
Technology, Dr Badrul Munir and Dr Deni Ferdian from University of Indonesia, and all participants 
of ERIA’s 2022 and 2023 ‘Greening of Hydrogen for ASEAN Industry’ Project Workshops. All errors 
are the authors’. 



 

 

1 

 

1.   Introduction 
Blue and green hydrogen are key contributors to the future decarbonisation of the oil 

refining, chemical, and steel industries. Within the chemical industry, blue and green 

ammonia and methanol are not only crucial feedstocks in many downstream processes but 

also offer the potential to help decarbonise the agriculture, shipping, and road transport 

sectors and contribute to future energy storage and transport solutions. ERIA (2024) 

reported its hydrogen demand and supply forecasts for the oil refining, ammonia, methanol 

and steel industries in the Association of Southeast Asian Nations (ASEAN) region towards 

2050. The study examines four distinct future scenarios: the frozen/business-as-usual 

scenario (Frozen scenario); the Stated Policies Scenario (STEPS) and the Announced 

Pledges Scenario (APS), both leaning on IEA (2022) with ASEAN region-specific 

adaptations; and the Likely scenario, following Det Norske Veritas (DNV, 2022) with 

ASEAN-specific adjustments.  

Briefly, in ERIA (2024), the ERIA–Frozen scenario relates to the situation where the 

trend in the demand and supply of hydrogen during the 2015–2021 period will continue in 

the future. ERIA–STEPS retains the current and latest ASEAN Member States’ (AMS) 

policies, including those related to the Intended Nationally Determined Contributions. 

ERIA–APS assumes that all aspirational targets announced by governments are met on time 

and in full, including their long‐term net-zero and energy access goals. Finally, the ERIA–

Likely scenario represents the most likely future situation for the supply and demand of 

hydrogen in the four industrial sectors in ASEAN from the present time to the horizon to 

2050.  

ERIA (2024) projects that total regional hydrogen demand will steadily grow in all 

scenarios, with 2020–2050 cumulative average growth rates (CAGR) of 2.7% (Frozen), 

2.3% (STEPS), 3.9% (APS) and 2.7% (Likely). Importantly, the composition and sequence 

of future hydrogen demand growth matter the most. In the Likely scenario, demand for oil 

refining decreases over the forecast period, driven by the electrification of the mobility 

sector, whilst demand for ammonia as an energy carrier and methanol for e-fuels 

overcompensates for the decrease. During the same period, the Frozen scenario’s hydrogen 

demand grows similarly fast as traditional demand for hydrogen, such as in oil refining, 

increases strongly. Therefore, even though the Frozen and Likely forecasts reach similar 

levels of aggregate hydrogen demand by 2050, carbon emissions in the Likely scenario will 

decrease much more significantly than in the Frozen scenario (ERIA, 2024). 
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Additionally, under STEPS, growth in hydrogen demand in the industrial sector in 

ASEAN is the lowest, with a CAGR of 2.3% during the 2020–2050 period. This is a 

consequence of the decreasing use of hydrogen in oil refining due to the limited 

electrification of mobility, which is not yet offset by the use of hydrogen for the production 

of methanol for e-fuels and ammonia as a co-fuel for shipping and power generation. In 

contrast, the APS is expected to have the highest growth in future hydrogen demand. In this 

scenario, hydrogen demand from oil refining decreases most rapidly over the 2020–2050 

projection period, whilst methanol e-fuels and ammonia energy carriers more than 

compensate and grow even faster than in the Likely scenario (ERIA, 2024).       

This study examines the carbon emission volumes under traditional natural gas and 

coal steam methane reforming (SMR). It analyses the future carbon-reduction potential of 

blue and green hydrogen for the oil refining, ammonia, methanol and steel industries in the 

ASEAN region until 2050. In particular, the future hydrogen supply under the APS is 

examined for each of the four industrial sectors. Since ERIA (2024) reports hydrogen supply 

from the region’s refineries and incumbent ammonia and methanol producers, accounting 

only for known and announced future growth in production capacity, the remaining demand 

is assumed to be met by merchant production volumes. These merchant volumes include 

both regionally produced hydrogen and imported hydrogen from independent industrial gas 

companies.  

Carbon emissions from hydrogen production via the SMR of natural gas, and to a 

lesser extent coal, i.e. grey hydrogen, are compared with three future production mix 

scenarios. First is the IEA’s future APS production technology mix (IEA, 2023e), where the 

proportion of grey hydrogen decreases to 91% in 2025, 84% in 2030, 48% in 2040, and 31% 

by 2050. During the same period the APS forecasts production technology mixes of 2% blue 

hydrogen and 7% green hydrogen in 2025, 4% blue and 13% green in 2030, 11% blue and 

41% green in 2040, and 14% blue and 55% green by 2050. This future production 

technology mix is compared to a future scenario of 100% blue versus 100% green hydrogen 

production between 2025 and 2050. 

 The analysis subsequently estimates the incremental cost of producing hydrogen under 

APS demand forecasts using the three production technology mix scenarios, compared to 

the current state of effectively 100% traditional SMR. Incumbent SMR facilities’ levelised 

cost of hydrogen (LCOH) is assumed to be well-established industry standards and 

economically feasible, whilst the incremental LCOH of transitioning to the future 
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production scenarios and production technology mixes may render future decarbonised 

hydrogen production capacity economically unfeasible. Thus, the analysis concludes with 

calculations of potential government subsidies that may be required by incumbent and future 

hydrogen producers to achieve the emission reduction potential whilst receiving similar 

returns to their new investments as their past and existing SMR facilities and operations. 

Concurrently, since the carbon emission reduction potential can generate future carbon 

credit revenues, the future subsidies for blue and green hydrogen are calculated under 

different carbon price assumptions. 

The results of this study can be summarised as follows. First, as per ERIA (2024), total 

hydrogen demand will grow from about 4.4 million tonnes per annum (MTPA) in 2025 to 

11.7 MTPA by 2050. This is to be satisfied by existing and planned or announced production 

capacities by incumbent oil refineries and methanol and ammonia producers in the region. 

For the remaining diversified chemical sub-sectors, the steel industry and future unsatisfied 

demand growth are to be supplied by merchant production or imports. 

Second, the carbon emissions thus projected based on continued production via SMR 

are estimated to grow to about 37 MTPA of carbon dioxide (CO2) in 2025 and 100 MTPA 

of CO2 by 2050.  

Third, the future CO2 emission reduction potential under the APS demand projections 

and production technology mix is estimated to reach 52 MTPA by 2050. This compares to 

potential carbon emission reductions of up to 60 MTPA by 2050 when only blue hydrogen 

is produced starting in 2025, versus 78 MTPA by 2050 if only green is produced starting 

2025. Therefore, compared to the estimated 100 MTPA of CO2 emissions in an SMR-

dominated hydrogen economy, under the APS all blue or green hydrogen scenarios, between 

half and four-fifths of carbon emissions can be reduced across ASEAN’s industrial sectors 

by 2050.    

Fourth, future government subsidies required to provide incumbent and new hydrogen 

producers the same 8% per annum project returns as their hitherto grey hydrogen production 

mix are calculated under carbon price assumptions ranging from US$100 to US$500 per 

tonne of hydrogen produced. Moreover, technology improvements, lower renewable 

electricity prices, and efficiency increases from higher scale economies are assumed to 

reduce the relative production costs of blue and green hydrogen in the future (ERIA, 2024; 

Purwanto et al., 2024a). Thus, aggregate present values of region-wide subsidies in the range 

of US$20 billion–US$100 billion are estimated for 20-year decarbonised hydrogen projects 
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under the APS with carbon prices between US$100 and US$300 per tonne. Moreover, the 

present values of these subsidies increase significantly to US$100 billion–US$300 billion 

when only green hydrogen is considered, whereas almost no subsidies are required to 

implement an all-blue hydrogen transition, except at very low carbon prices. In contrast, 

when carbon prices reach US$500 per tonne, only an all-green hydrogen future may require 

subsidies, whereas the APS and blue hydrogen can largely be self-funded through the 

monetisation of carbon credits.   

Our contribution to the hydrogen literature is as follows. ERIA (2024) is the first 

attempt to dissect future hydrogen demand and supply across these major industrial sectors 

and across the eight largest ASEAN economies. To our knowledge, this study is the first to 

explicitly estimate future carbon emissions and carbon emission reduction potential from 

hydrogen production across key industrial sectors in ASEAN. Moreover, the carbon 

emission reduction potential is analysed using future LCOH estimates under several 

production scenarios and various carbon price assumptions to come up with estimates for 

the national government or multilateral development agency subsidies required to render the 

transition towards blue and green hydrogen production economically feasible for private 

sector incumbents and future entrants. 

 The analysis reported in this paper can be expanded to study more specific country- 

and project-level decarbonisation pathways, green and blue hydrogen production and 

transport economics, and the political economy of promoting, and importantly, financing 

such large-scale projects requiring significant public sector and multilateral support.  

 Following this introductory section, a literature review is summarised on hydrogen 

SMR production, the carbon emission volumes of grey hydrogen versus blue and green 

hydrogen, and the use of methanol for e-fuels and ammonia as an energy carrier to reduce 

fossil fuel consumption in transport, shipping, and power generation. The subsequent third 

section describes the modelling methodology and discusses the carbon emission reduction 

potential under the various production scenarios. Section 4 estimates and discusses the 

economic consequences of transitioning to blue and green hydrogen production, and the 

necessary public sector subsidies such a transition would require. Following that, section 5 

summarises the policy implications, whilst section 6 concludes.           
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2. Literature Review 
2.1. Literature on Hydrogen Production from Natural Gas and Coal SMR  

 Across the relevant industries globally, the IEA and IRENA report that most of the 

hydrogen supply is currently produced through established SMR processes utilising fossil 

fuels, i.e. natural gas or coal. The IEA (2023a) reports that through 2020–2022, more than 

80% of the hydrogen supply was produced from SMR. In 2022, of the 95 MT of hydrogen 

produced globally, 62% and 21% were produced from natural gas and coal, respectively, 

whilst low emission hydrogen only amounted to less than 1Mt. IRENA (2022a) reported 

that 47% of hydrogen production came from natural gas, 27% from coal, and 1% from 

renewables. Despite the still prevalent use of fossil fuels in the hydrogen production process 

in recent years, numerous low carbon hydrogen projects have been announced, which are 

either in early-stage discussions or are undergoing feasibility studies. 

 In terms of geographic split, according to the IEA (2023a), 30% of hydrogen 

production currently takes place in China, including a large proportion of the world’s coal-

based SMR. The other major producers are the United States, the Middle East, India, and 

Russia. In contrast, the ASEAN region produces around 3% of the total supply of hydrogen. 

The amount of production is projected to grow, following increasing demand, especially in 

the industrial sector. Most of the hydrogen currently used as feedstock for ammonia and 

methanol in Southeast Asia is produced via SMR, similar to the global picture. 

 In ASEAN’s major oil refining centres, SMR hydrogen is produced simultaneously 

with captive hydrogen from reforming and platforming and as by-products from various 

refining processes. During the past few years, the hydrogen captive supply in industry 

sectors in ASEAN grew from around 2.88 MTPA in 2015 to 3.33 MTPA in 2019, before 

decreasing to 3.24 MTPA in 2021 (ERIA, 2024). Figure 1 shows that ammonia exhibits the 

highest proportion of captive production, amounting to almost half of the total captive 

production in ASEAN and making it the only hydrogen self-sufficient sector. The oil 

refining sector produced 80%–90% of its hydrogen demand on-site, whilst the methanol 

industry only fulfilled 75% of its hydrogen demand in 2021. In contrast, the other chemical 

subsectors and the steel industry procure 100% of their hydrogen supply from third-party 

merchant gas companies. 
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Figure 1: Total Hydrogen Captive Supply in the Industry Sector in ASEAN,  
2015–2021 (MTPA) 

Source: ERIA (2024). 

 

 Furthermore, following ERIA (2024), total hydrogen production in ASEAN is 

expected to increase gradually up to 2030 and will exhibit incremental to stagnant growth 

until 2050, except under the APS. In STEPS, hydrogen production will increase from 3.15 

MTPA in 2020 to 4.54 MTPA in 2030, then grow more slowly to 4.77 MTPA in 2050. These 

projections are based on the NDC of each ASEAN member state (AMS), with the 

assumption that each of the countries will comply with their announced policy and NDC. 

The other two scenarios, Likely and Frozen, also show similar trends with STEPS. In the 

Likely scenario, production grows to 4.47 MTPA and 4.67 MTPA in 2030 and 2050, 

respectively, and in the Frozen scenario, production grows to 4.55 MTPA and 4.88 MTPA 

in 2030 and 2050, respectively. However, in the APS, the production trend increases linearly 

until 2050, when it will reach 5.59 MTPA, almost twice the current production. The dramatic 

increase is due to the assumption that the demand for hydrogen will grow significantly 

following the increasing demand for low-carbon hydrogen as a partial substitute for shipping 

fuel oils, coal-fired electricity generation, and e-fuels. 
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2.2.   Literature on Carbon Emissions from Grey Hydrogen Production 

 Competitively priced hydrogen is still predominantly derived from steam reforming, 

i.e. the SMR of natural gas and coal gasification. Although hydrogen production through 

water electrolysis offers the potential to compete with conventional transport fuels, 

particularly during periods of elevated oil prices, it is significantly costlier than grey 

hydrogen, which is commonly employed within industrial applications (Ball and Weeda, 

2015). Nevertheless, recent advancements in research and the successful implementation of 

pilot projects have raised expectations regarding the increasing prominence of technologies 

such as natural gas reforming coupled with carbon capture (blue hydrogen) and the 

electrolysis of water using renewable-based electricity (green hydrogen). These 

developments suggest that these methods may come to dominate hydrogen production in the 

future (APERC, 2018; IEA, 2021). 

 SMR has been studied to generate varying carbon emissions estimates. The IEA (2023) 

reports that the emissions resulting from hydrogen production via SMR are around 10–13 

kilogrammes (kg) CO2 per kg hydrogen, where direct emissions from production account 

for 9 kg CO2 per kg hydrogen, and natural gas production (upstream and midstream) 

accounts for around 2.4 kg CO2. Sun et al. (2019) also estimate average emissions of 9.01 

kg CO2 per kg of SMR hydrogen. Other studies by Cetinkaya et al. (2012) and Suleman et 

al. (2016) reported on emission figures within the range provided by the IEA, with estimates 

ranging from 11.9 kg to 11.95 kg CO2 per kg hydrogen. In contrast, a few other studies report 

slightly lower estimates. Bassani et al. (2020) find that each kg of hydrogen production via 

SMR emits approximately 7 kg of CO2, whilst Katebah et al. (2022) reported total specific 

CO2 emissions of approximately 8.47 kg CO2 per kg of hydrogen.  

 

2.3. Literature on Carbon Emissions of Blue and Green Hydrogen, Ammonia, and 
Methanol 

 An emerging approach to mitigate carbon emissions in hydrogen production is the use 

of SMR in conjunction with carbon capture and storage (CCS). According to the IEA 

(2023a), this method shows potential, with emission intensity estimates ranging from 0.8 to 

4.6 kg CO2-eq per kg hydrogen. Notably, IEA's APS and Net Zero by 2050 Scenarios predict 

emission intensity levels of 3 kg CO2-eq per kg hydrogen and less than 1 kg CO2-eq per kg 

hydrogen in 2050, respectively. 
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 Electrolysis, particularly when powered by renewable energy sources such as wind 

and solar, offers a more environmentally sustainable alternative. Cetinkaya et al. (2012) 

estimate that water electrolysis using wind energy results in emissions of approximately 0.97 

kg CO2 -eq per kg of hydrogen. When powered by solar energy, this estimate increased to 

2,412 grammes (g) per kg hydrogen. Subsequent research by Suleman et al. (2016) 

supported these significant emission reductions, reporting significantly lower emissions of 

approximately 32.5 g per kg hydrogen for wind-powered electrolysis and 370 g per kg 

hydrogen for solar-powered electrolysis. 

 The two most important industrial-scale chemical derivatives of hydrogen are 

methanol and ammonia. There are two types of green methanol that are characterised by two 

distinct production processes: biomethanol and e-methanol (Nemmour et al., 2023). 

Biomethanol is produced using energy sources that involve the gasification of sustainable 

biomass sources. These include livestock, agricultural, and forestry residues, as well as 

municipal waste gathered from households and businesses. E-methanol is produced by 

reacting blue or green hydrogen with captured CO2. The terms ‘electro fuels’ and ‘e-fuels’ 

refer to fuels that are obtained by the utilisation of collected CO2 or the separation of 

nitrogen from the atmosphere via a reaction with hydrogen generated through the process of 

water electrolysis (Nemmour et al., 2023).  

 The CO2 can be obtained through carbon-capture processes like waste gases or 

captured directly from the air (Siemens Energy, 2020). The CO2 gas for green methanol 

production would be derived from three main carbon sources: biomass, industry, and direct 

air capture (Schorn et al., 2021). This further reduces CO2 being emitted into the atmosphere. 

The CO2 derived from industry could be from the separation of flue gas of a conventional 

power station (Sollai et al., 2023).  

 The CO2 hydrogenation process that produces methanol can reduce greenhouse gas 

(GHG) emissions by 59% compared to a conventional grey methanol production process 

(Assen et al., 2013). On the cost side, the near-term e-methanol production costs are 

estimated between US$120 and US$210/MWh, which are competitive with the current 

production costs of fossil fuels, where the latter could rise even further with further 

restrictions on CO2 emissions (IEA, 2019). 

 The methanol molecule is an efficient hydrogen carrier. More hydrogen can be found 

in methanol compared to compressed or liquefied hydrogen per unit volume (Gumber and 

Gurumoorthy, 2018). Methanol is currently being traded as a base chemical and could be 
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transported using crude oil cargo vessels with minor retrofits (Schorn et al., 2021). Methanol 

can be used as an energy carrier to reduce emissions released by internal combustion engine 

(ICE) vehicles or other vehicles that consume fossil fuels like diesel, gasoline, or kerosene.   

 Industrial ammonia is produced through the Haber-Bosch process. Currently, it 

produces 235 million tonnes of CO2 emissions every year, which is 1.8% of global CO2 

emissions (Royal Society, 2020). 80% of these CO2 emissions are from the hydrogen SMR 

step (Winter and Chen, 2021). Green ammonia can be synthesised using green hydrogen, 

which refers to hydrogen produced through renewable electricity. Hydrogen generation can 

be achieved via electrolysis technology. For synthesising green ammonia through the 

modified Haber-Bosch process, there are three distinct types of electrolysis processes: 

alkaline water electrolysis (AWE), polymer electrolyte membrane water electrolysis, and 

solid oxide water electrolysis (SOE) (Lee et al., 2022). Figure 2 describes the breakdown of 

CO2 emissions derived from each green ammonia production process. These range from 

0.83–0.93, 0.82–0.99, and 0.69–0.72 kg of CO2 per kg of ammonia produced, respectively. 

The range describes different levels of efficiency for the modified Haber-Bosch processes 

(with upper and lower bounds A and B, respectively). These values generate an average of 

2.46, 2.42, and 3.07 times lower CO2 emissions than for the conventional Haber–Bosch 

process using SMR or grey hydrogen, respectively. 

 

Figure 2: Breakdown of CO2 Emissions for Green Ammonia Synthesis 

AWE = alkaline water electrolysis, PWE = PEM WE= polymer electrolyte membrane water 
electrolysis, SOE = solid oxide water electrolysis, WE = water electrolysis. 
Source: Lee et al. (2022). 
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 Figure 2 also breaks down the CO2 emissions associated with the electricity used for 

water electrolysis and for the modified Haber-Bosch process, as well as for hydrogen 

production and nitrogen separation. Improvements to the traditional Haber-Bosch process 

are possible to further reduce or almost eliminate CO2 production with no CO2 emitted. First, 

it has to be decoupled from the SMR process, including by SMR decoupling, the use of 

electric compressors, and optimised separation processes (Smith et al., 2020). 

 Bareiß et al. (2019) showed that utilising proton exchange membrane water 

electrolysis for hydrogen generation has the potential to decrease CO2 emissions in the 

hydrogen sector by 75% when the electrolysis system is powered exclusively by renewable 

energy sources. PEM WE has several benefits over traditional AWE, including a higher 

working current density, greater gas purity, increased output pressure, and a smaller physical 

footprint (Shi et al., 2023).  

 Shi et al. (2023) explored three decarbonisation methods for ammonia production: 

carbon capture technology; renewable energy-based hydrogen production; and 

electrochemical methods. Adopting carbon capture technology in the ammonia production 

can result in a significant reduction of GHG emissions by 55%–70% (Shi et al., 2023). 
 

2.4.   Literature on Carbon Emissions from Fossil Fuels in Shipping and Transport 

 The road transportation industry, which includes passenger vehicles, trucks, and buses, 

predominantly depends on traditional fossil fuels like diesel, gasoline, and liquefied 

petroleum gas to power ICEs. Approximately 72% of GHG emissions in the transportation 

sector are attributed to road transportation (IEA, 2020). In the baseline scenario of the 7th 

ASEAN Energy Outlook (ACE, 2022), the transportation sector produces the second biggest 

proportion of emissions, behind electricity generation. Considering the relative greenhouse 

warming potential of all three gases, one can define the CO2-eq emission. A total of 379 MT 

CO2-eq was recorded in 2020. Projections indicate that this figure will rise to 493 MT CO2-

eq in 2025, 621 MT CO2-eq in 2030, and 1,385 MT CO2-eq in 2050. As depicted in Figure 

3, it can be observed that the transportation sector accounted for 24% of CO2 emissions in 

the ASEAN region in 2019.  

https://www.zotero.org/google-docs/?broken=NPdJE1
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Figure 3: Energy-related CO2 Emissions in ASEAN, 2019 

    Source: IRENA (2022a) in Lau (2022). 
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 A study conducted by Quiros et al. (2017) examined the levels of GHG emissions 

generated by heavy-duty on-road trucks that operate on natural gas, hybrid, and conventional 

diesel fuels during the transportation of freight. The study measured seven vehicles whilst 

they were in operation on public roads. The trucks included in the study were powered by 

diesel, hybrid diesel, and natural gas. It has been shown that the emissions of nitric oxides 

from diesel trucks equipped with selective catalytic reduction (SCR) are 10 times higher 

than those from diesel trucks without SCR. Based on that calculation, natural gas and hybrid 

diesel vehicles exhibited reduced CO2-eq emissions, but only for specific routes. 

 The CO2 emissions resulting directly from the burning of fossil fuels in the road sector 

experienced a notable increase of 200 MT during 2015. To adhere to the IEA Net Zero 

Emissions by 2050 Scenario (NZE Scenario), it is imperative that emissions be reduced by 

around 30% by the year 2030. The road sector CO2 emissions accounted for 5.87 Gt CO2 in 

2022 (Figure 4). To achieve the objective of achieving net zero emissions, it is imperative 

that emissions stemming from vehicle transport are reduced by approximately 30% by 2030 

(IEA, 2023b).  

 

Figure 4: Global CO2 Emissions from Transport in the Net Zero Scenario,  
2000–2030 

Source: IEA (2023b). 
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Figure 5: Emissions by Vehicle Type 

        Source: IEA (2023c). 

 

 Figure 5 illustrates a significant reduction in emissions resulting from road transport, 

particularly in industrialised economies, by the year 2030 (IEA, 2023c). Total transport 

emissions increase by 2.1% (or 137 MT), also driven by growth in advanced economies. 

Nonetheless, emissions would be even higher without the accelerated deployment of low-

carbon vehicles. Electric car sales surpassed 10 million in 2022, making up over 14% of 

global sales. If all new electric cars on the road had been typical diesel or gasoline cars, 

global emissions in 2022 would have been 13 MT higher (IEA, 2023d). 
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Figure 6: Projected CO2 Emissions  

        Source: IEA (2023d). 
 

 Lindstad et al. (2021) reported that the use of low-emission green ammonia as a 

shipping fuel results in a 95% decrease in GHG emissions and a 75% increase in well-to-

wake (WTW) energy consumption compared to the use of standard marine gas oil. 

Additionally, green hydrogen leads to a 100% reduction in GHG emissions but doubles the 

WTW energy consumption. Furthermore, hydrocarbon-based e-fuels burned in dual-fuel 

diesel engines also achieve a nearly 100% GHG reduction, but their WTW energy 

consumption nearly triples (140%–200% increase) compared to marine gas oil. However, 

the intriguing aspect of hydrocarbon-based e-fuels is their ability to be mixed with traditional 

fossil fuels, allowing for a progressive reduction in GHG emissions in the shipping industry 

(Lindstad et al., 2021). 
 

2.5.  Literature on Future Hydrogen Economics  

 SMR facilities produce most of the hydrogen that is currently utilised as feedstock for 

ammonia and methanol in Southeast Asia. SMR hydrogen is produced concurrently with 

captive hydrogen from reforming and platforming, as well as being a by-product from 

several refining operations in the major refining centres of the region. By contrast, the steel 

industry continues to primarily rely on conventional, antiquated oxygen furnace technology. 

Some studies have discussed the cost competitiveness of various hydrogen production 

pathways.  



 

 

15 

 Compared to SMR-based production costs of roughly US$960 per tonne in 2020, 

Neuwirth and Fleiter (2020) estimated that the cost of producing green ammonia in Germany 

will be approximately €1,250 per tonne assuming electricity prices of €0.05 per kWh and 

on-site alkaline electrolysis technology. Due to economies of scale and learning gain 

traction, it is predicted that the cost of green ammonia will drop to US$1,030 per tonne in 

2050. The cost of producing ammonia based on green and blue hydrogen is estimated by the 

IEA's Ammonia Technology Roadmap (IEA, 2021b) to be highly dependent on electricity 

costs and technology capital expenditures, as well as future carbon prices. A carbon price of 

roughly US$30 per tonne is required for the US$600 per tonne production cost of blue 

hydrogen-based ammonia to be able to break even with SMR hydrogen. Furthermore, to 

match the price of grey hydrogen, electrolyser costs must decrease by 60% to roughly 

US$400 per kW of electrolyser capacity. In a more recent study by Egerer et al. (2023), the 

cost of ammonia produced in Australia using a hybrid solar photovoltaic (PV) and wind-

powered electrolyser, and its transportation to Germany, is estimated at approximately €509 

per tonne, consisting of €458 per tonne of solar PV and wind electricity generation plus €51 

per tonne of ammonia synthesis costs. 

 Meanwhile, according to Neuwirth and Fleiter (2020) the production cost of green 

methanol will continue to be higher than SMR-based production until 2050, estimated in the 

range of €1,120–€1,340 per tonne. According to research by IRENA and Methanol Institute 

(2021), the cost of producing green methanol is now estimated to be between US$800 and 

US$1,600 per tonne. Following ammonia and methanol, the investment and running 

expenses for direct reduction iron (DRI) steelmaking are projected by IRENA (2022b) to be 

30%–50% greater than those for the conventional SMR process. The primary issue 

influencing the future competitiveness of green hydrogen-based DRI will be the cost of 

energy. Even with CCUS, the cost of producing steel for 50%–100% direct reduced iron–

electric arc furnace (DRI-EAF) would be about twice as high as it was previously for SMR-

based production (IEA, 2019). 

 In the Southeast Asian context, IESR (2022) compared the economics of producing 

green hydrogen in Indonesia using three different types of electrolysis technology, assuming 

solar PV electricity rates of US$60– US$100 per MWh. According to the authors' 

calculations, the cost of producing solar PV-based green hydrogen will drop to US$2.6–

US$4.7 per kg for alkaline, US$2.8– US$5.7 per kg for PEM, and US$3.1– US$5.3 per kg 

for solid oxide electrolyser cell electrolysis by 2050. These prices will only be roughly 
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US$2.0– US$3.2 per kg when the electricity stems from lower cost geothermal and location-

constrained hydropower. Li and Taghizadeh-Hesary (2020) conducted a cost comparison 

between lithium batteries and pumped hydropower in comparison to the generation and 

supply of green hydrogen for use as a fuel for road transport. Li et al. (2023), investigating 

hydrogen production and supply for power generation via hydrogen fuel cells or mixed 

combustion in coal or gas power plants, noted similar cost comparison results with the 

renewable electricity cost as the most significant factors. Both studies examined the use of 

solar PV, wind, and geothermal energy with the electricity grids of a few selected nations 

for electrolysis to estimate the production cost of hydrogen.  

 Selected assumptions from Li and Taghizadeh-Hesary (2020), IESR (2022b), Chang 

and Han (2021) and Li et al. (2023) on solar PV, electricity, and electrolyser cost are used 

by ERIA (2024) to estimate the effective cost of delivering green hydrogen to industrial 

sites. Using similar assumptions, Purwanto et al. (2024a) calculate the costs of green 

hydrogen generation in Southeast Asia in different locations, whether remotely or on-site at 

the hydrogen-consuming industrial facilities. The authors consider domestic renewable 

electricity costs, upfront electrolyser investments, and ongoing operational expenditures and 

anticipate the cost of electricity transmission infrastructure or hydrogen transport and 

storage facilities. The relevant results are discussed in section 4. 

 

3.   Modelling Carbon Emissions and Carbon Reduction Potential 
 The modelling approach can be summarised as in Table 1. 
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Table 1: Modelling Approach 

 

First, ERIA’s hydrogen supply and demand forecasts are 

utilised (ERIA 2024). In particular, the APS is analysed. 

The four industrial sectors under study are split in 

accordance with the applications and sources of hydrogen 

inherent in their technologies. These include ammonia for 

power generation, maritime fuel, non-fertiliser feedstocks, 

non-urea and urea fertilisers, methanol for feedstock, a 

conventional fuel mix, and low-carbon energy. In oil 

refining, both captive hydrogen produced in reformers and 

platformers and coming out of isomerisation processes as 

well as hydrogen produced from SMR are considered. 

Merchant hydrogen production is assumed to represent 

hydrogen independently produced by gas companies like 

Air Products, Air Liquide, Linde, or any other regional gas 

company. These primarily serve independent chemical 

producers and the DRI steel producers in the ASEAN 

region. Concurrently, the volumes of power generation 

fuel, maritime and shipping, and road transport to be 

displaced by ammonia and methanol in the future are 

estimated.    

  Source: Authors’ elaboration.

ERIA Greening Hydrogen for Industry in 
ASEAN (2024) 
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 Second, carbon emission estimates resulting from the projected hydrogen production 

volumes are derived across the four key industries studied. Here the diversified chemical 

sectors, the regional steel industry, and any projected shortfall of future incumbent supply 

within the four key industries are assumed to be supplied by independent gas producers and 

merchants.  

 Third, the carbon emission reduction potential across the four industrial sectors in the 

region are estimated under the assumption that the future production technology mix for non-

captive or non-by-product hydrogen consists of either 100% blue, 100% green, or the 

projected global mix of grey, blue, and green hydrogen under the APS.   

 Fourth, making use of ERIA’s (2024) estimated per-tonne LCOH based on the current, 

2030, and 2050 states of development in electrolyser technology, unit costs, and regional 

renewable electricity costs, the aggregate incremental costs for the ASEAN region are 

calculated. The base case’s existing SMR production costs and future hydrogen production 

mix under these scenarios, i.e. APS, 100% blue and 100% green are estimated. Furthermore, 

these regional aggregate incremental costs of decarbonising hydrogen across the region’s 

industrial sectors, which may require public subsidies and innovative financing solutions with 

the help of member states and other friendly governments and multilaterals, are calculated 

under different carbon price assumptions. The latter analysis supposes that the 

decarbonisation efforts across the region’s industries can simultaneously benefit from selling 

carbon credits to other high-emission sectors in the region and internationally.  

 In the fifth step the regional estimates of carbon emission reductions and required 

aggregate regional subsidies are divided into the corresponding estimates for each country 

and industrial sector. Again, the same future hydrogen production technology mix of 100% 

blue, 100% green, and the APS are examined.  
 

 

3.1.  Scenario Definition 

 The ERIA (2024) report defined four future scenarios of hydrogen production in 

industrial sectors in the ASEAN Member States in the horizon to 2050: the APS, STEPS, 

Frozen scenario, and Likely scenario. This paper concentrates solely on the APS, in which 

hydrogen consumption grows fastest in the following decades. It does not include the Frozen 

scenario or STEPS, which involve limited decarbonisation potential. The ERIA-APS, 
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however, is expected to witness the emergence of alternative applications of low-carbon 

hydrogen feedstocks, such as blue or green ammonia for shipping and power generation fuels 

and e-methanol for road transport. Nor is the Likely scenario examined in this study, since it 

constitutes a more conservative projection of such alternative ammonia and methanol 

applications.  

 The APS defined globally by the IEA (2022) assumes all aspirational targets announced 

by governments are met on time and in full, including their long‐term net zero and energy 

access goals. The scenario fills the ‘implementation gap’ that needs to be bridged for countries 

in STEPS to achieve their announced decarbonisation targets. The APS examined by ERIA 

(2024) also includes some assumed policy measures implemented in three industrial sectors, 

the ammonia production, methanol, and iron and steel industries, of the IEA’s NZE scenario. 

Since the NZE scenario differs from the APS and most of the policy measures and trends are 

given at the global level, interpretation of the assumptions for the ERIA-APS is conducted 

specifically for the ASEAN region.  

 Inspired by IEA's NZE scenario, ERIA’s (2024) APS assumes that global demand for 

low‐emission hydrogen – both produced on-site and off-site – rises to 11 MT in 2030 for use 

in the production of ammonia, steel, and methanol. Over 25% of the hydrogen produced in 

2050 is converted to hydrogen‐based fuels, such as ammonia, methanol, and synthetic 

hydrocarbons. The remainder is used directly in industry, transport, and buildings. Ammonia 

and hydrogen co-firing, respectively in coal-fired and natural gas-fired power plants, provides 

2%–3% of global electricity generation from 2030 to 2050. By 2050, ammonia will meet 

around 45% of demand for shipping fuel. Global unabated coal use is estimated to drop by 

99% over this period, whilst around half of the remaining 60 MT of unabated coal 

consumption in 2050 is used in the iron and steel industry. Without new coal mine lifetime 

extensions, thermal coal production falls by 50% by 2030 as coal is rapidly eliminated from 

the power sector in all countries. Coking coal production falls by about 30% by 2030, a more 

gradual decline compared to thermal coal since the steel industry has fewer readily available 

alternatives. The APS is projected to have the lowest average emissions factor or carbon 

intensity by 2050, followed by the Likely scenario and then STEPS. This is due to the APS 

being projected to the have the highest penetration of low-carbon hydrogen. 
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3.2.  Estimation of industrial and merchant hydrogen production 

 The industrial and merchant hydrogen production estimation utilised in this paper is 

discussed in this section. ERIA (2024) reports and discusses the hydrogen supply-demand 

balance for each of the scenarios, including the modified APS. The report also includes the 

growing discrepancy between estimated demand and announced or known production growth 

in the forthcoming years. This reflects the increasing role of merchants within hydrogen trade 

in the region, which nevertheless will be diminished when new captive production capacities 

are announced and implemented in the future. For now, merchant hydrogen is assumed to also 

capture the entire volume of demand from steel DRI and other chemicals due to the industries’ 

projected lack of captive hydrogen production. 

 The APS appears to be the scenario where total hydrogen demand for the industry sector 

in ASEAN will increase the fastest during the simulated 2020–2050 period, as shown in 

Figure 7. In this scenario, hydrogen demand for the industry sector in ASEAN increases from 

around 3.7 million tonnes per annum (MTPA) in 2020 to 11.7 MTPA in 2050 with a 

compounded annual growth rate of 3.9%. The use of hydrogen as an energy carrier and as a 

feedstock to produce e-methanol, ammonia fuels, and e-kerosene is the main driving factor of 

this fast growth. Note that the hydrogen produced in this scenario gradually transitions to low 

emission i.e. low carbon-intensity hydrogen, as only the latter leads to net zero emissions.   
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Figure 7: Total Hydrogen Demand in the Industry Sector in ASEAN by Scenario 
(million tonnes per annum) 

APS = Announced Pledges Scenario, E = estimate, STEPS = Stated Policies Scenario. 
Source: Authors. 
 

 Captive hydrogen production will increase in all four scenarios, with the APS being the 

scenario where hydrogen produced in the four sectors increases at the fastest rate from around 

3.2 MTPA of hydrogen in 2020 to 5.6 MTPA of hydrogen in 2050 (Figure 8). The produced 

hydrogen in the APS follows the growth of demand, which is also the fastest. For STEPS, the 

ASEAN ratio of on-site and/or captive production to total hydrogen demand of around 86% 

in 2020 grows to 91.5% by 2030 and decreases to around 65.2% in 2050. The relatively low 

on-site and/or captive hydrogen production after 2030 compared to the APS is presumably 

caused by the need to produce low-carbon hydrogen to meet higher hydrogen demand in the 

industry sector. The need for hydrogen feedstock to produce e-fuels and ammonia carriers in 

the STEPS scenario starts to kick in after 2030, but the quantity is less than in the APS, so the 

economy of scale of producing low-carbon hydrogen is not high enough to decrease the low-

carbon hydrogen prices. Therefore, the on-site and/or captive (low-carbon) hydrogen 

production in the STEPS scenario becomes lower.  
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Figure 8: Captive Hydrogen Production in the Industry Sector in ASEAN by Scenario 
(million tonnes per annum) 

APS = Announced Pledges Scenario, E = estimate, STEPS = Stated Policies Scenario. 
Source: ERIA (2024). 

 
 The role of hydrogen merchants in the ASEAN industry sector will become more 

important after 2030 as the demand for hydrogen grows, whilst new supply from on-site 

and/or captive production and by-products is yet to be identified. The first source of growth 

is the ammonia sector, where supply from on-site production and by-products increases only 

until 2030 and then remains at the same level between 2030 and 2050, regardless of the 

scenarios. The oil refining sector is generally less dependent on hydrogen supplied by 

merchants, whilst the methanol sector shows an important increase only in the APS. The iron 

and steel and chemical industries, on the other hand, are often dependent on the supply of 

hydrogen from merchants. The decarbonisation imperative grows from STEPS to the APS, 

which is followed by an increasing share of supply from merchants. The increasing merchant 

supply, therefore, indicates the important roles expected from the hydrogen merchants to 

supply low-carbon hydrogen. 

 As mentioned above, this analysis focuses on the APS and compares it to future carbon 

emissions and subsidy forecasts under the 100% blue and 100% green hydrogen scenarios, 

respectively. 
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3.3. Forecasting Carbon Emission from Industrial and Merchant Hydrogen 
Production 

 To estimate the carbon emission volumes of the major industries in the ASEAN region, 

the region’s hydrogen production forecasts are broken down into their key sub-segments, i.e. 

applications. Ammonia is divided by its various applications, including urea fertiliser, non-

urea fertiliser, and non-fertiliser feedstocks, plus its use as a maritime fuel and as a mixed fuel 

in power generation. The production of hydrogen in oil refineries is split into by-products and 

captive SMR. Next, methanol is split according to its main uses, including as chemical 

feedstock, for mixing into conventional fuels i.e. gasoline in road transport, and for future 

lower-carbon energy. Next, the production of hydrogen by independent third-party merchants 

and gas companies, which generally sell to diversified chemical customers and the steel 

industry, is listed and studied separately. The resulting hydrogen production forecast under 

the APS is shown in Table 2. 
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Table 2: ASEAN Hydrogen Production Forecasts by Source and Application 
(TPA) 

Source: ERIA (2024), Bassani et al. (2020), IEA (2023a), authors’ estimates.   
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 As depicted in Table 2, the use of ammonia for power generation and as substitute for 

maritime fuel, and methanol for low-carbon transport fuel, is not anticipated to start until 2025 

onwards. Starting from a low base, the growth rates for these applications are expected to 

accelerate between 2035 and 2050. In contrast, ammonia use as a chemical feedstock and as 

the basis for urea- and non-urea fertilisers, and methanol use for chemical processing and 

conventional transport fuel mixtures, have been standard around the world for a long time. In 

the case of refineries, the captive SMR production is separated from the hydrogen by-products 

of platformers, reformers, and other processes. Additionally, there is a rapid increase in 

merchant production, serving other chemical and processing industries and direct reduced iron 

in the steel industry. 

 Using these forecasts, future carbon emission volumes are calculated using several 

assumptions. First, refinery sector hydrogen production via natural gas SMR and coal 

gasification are estimated to emit about 7–11.5 tonnes, respectively, with 23 tonnes of CO2 

per tonne of hydrogen produced, using calculations from Bassani et al. (2020) and IEA 

(2023a). Second, blue ammonia is estimated to still emit 3.6 tonnes of CO2 per tonne of 

hydrogen. Third, green ammonia produces 2.5 tonnes of CO2 using conventional electricity 

generation, which, however, decreases to 0.5 tonnes of CO2 per tonne of hydrogen produced 

when the electricity is generated using renewable solar or wind, or nuclear. Concurrently, grey 

methanol is estimated to emit 6.6 tonnes of CO2 per tonne of hydrogen, whilst methanol’s use 

for conventional energy produces both 6.6 tonnes of CO2 in the production stage plus an 

additional 11.0 tonnes of CO2 per tonne of hydrogen resulting from the combustion of the 

methanol (Methanol Institute, 2022). In contrast, blue methanol is estimated to emit between 

6.0 tonnes of CO2 per tonne of hydrogen produced, whilst green methanol i.e. the use of 

methanol for low-carbon energy, emits about 3.6 tonnes of CO2 per tonne of hydrogen 

produced (IRENA and Methanol Institute, 2021). 

 It is also noteworthy that the equivalent volumes of CO2 produced by burning 1 tonne 

each of coal, maritime fuel oil, diesel, and gasoline are estimated to be around 2.8 tonnes, 3.2 

tonnes, 3.2 tonnes and 3.2 tonnes (Marine Benchmark, 2020; EIA, 2024). Multiplying these 

emission estimates by the various fuel types’ energy densities per equivalent tonne of 

hydrogen allows us to calculate the carbon emissions originating from burning these fossil 
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fuels. Additionally, carbon emissions from the relevant fossil fuel volumes can be estimated 

for future scenarios where blue or green ammonia replaces coal for power generation and 

marine fuel oil for shipping, and where blue or green methanol replaces diesel for transport. 

 The resulting CO2 emission forecast can thus be summarised in Table 3.
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Table 3: CO2 Emissions from SMR Hydrogen Production 
(TPA) 

Source: ERIA (2024), IEA (2023a), Methanol Institute (2022), IRENA and Methanol Institute (2021), authors’ estimates.   
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 Assuming grey hydrogen, ammonia, and methanol CO2 emissions in the ASEAN region 

increase rapidly over the next 25-year projection period, the region’s industrial hydrogen 

production is estimated to emit more than 100 million tonnes of CO2 by 2050. Recall that the 

large share of merchant production is a result of the assumption by ERIA (2024) to only 

consider announced and known hydrogen production volume growth rates by incumbent 

refiners and ammonia and methanol producers, disregarding any yet to be announced hydrogen 

capacity expansion plans throughout the region.    

 The estimated CO2 emissions in Table 3 include roughly 3.7 million tonnes of CO2 

produced by the equivalent fossil fuel volumes, which can be gradually or partially eliminated 

if the corresponding blue and green hydrogen production forecasts are considered. Specifically, 

the forecasted CO2 volumes assume coal combustion for power generation, maritime fuel oil 

for shipping, and diesel and gasoline for road transport.   
 

 

3.4.  Carbon Emission Reduction Potential 

 Under the APS, the future hydrogen production technology mix can be summarised as 

shown in Table 4. 

 

Table 4: Projected Hydrogen Production Technology Mix under the APS 

 2015 2020 2025 2030 2035 2040 2045 2050 

Fossil Fuel 100.0% 100.0% 90.7% 83.8% 62.4% 48.4% 38.5% 31.1% 

Fossil Fuel 
with CCUS 

0.0% 0.0% 2.1% 3.8% 7.9% 10.7% 12.6% 14.0% 

Electrolysis 0.0% 0.0% 7.1% 12.5% 29.7% 41.0% 49.0% 54.9% 

CCUS = carbon capture, utilisation, and storage. 
Source: IEA (2023e). 
 
 According to the IEA (2023a), starting with historical fossil fuels-based SMR production, 

blue and green hydrogen start coming into the picture by 2025. As the proportion of grey 

hydrogen decreases steadily from then on, the share of blue and green hydrogen continues 

increasing. By 2050, the APS hydrogen production mix reaches 31% natural gas and coal 

SMR, 14% natural gas or coal with carbon capture, and 55% green hydrogen utilising various 
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electrolysis technologies. Note that this study assumes the same production technology mix 

for industries in the ASEAN region as per the IEA’s global estimates under the APS. 

 Using this APS production technology mix, the carbon emission potential can be 

estimated as shown in Table 5. 
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Table 5: Carbon Emission Reduction Potential under the APS 
(TPA) 

Source: ERIA (2024), IEA (2023a), Methanol Institute (2022), IRENA and Methanol Institute (2021), authors’ estimates.   
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 An aggregate of over 52 million tonnes of CO2 can be eliminated using the APS’ mix of 

hydrogen production technology as per Table 5. Note that it is assumed that captive refinery 

by-products of hydrogen will continue as before, and their CO2 emissions are unaffected by 

switching to blue and green hydrogen. Furthermore, methanol for low-carbon energy is already 

considered to be low-emission and will not experience any change. Since under the APS 

approximately half of the amount of hydrogen is still produced using SMR or fossil fuels with 

carbon capture, the long-term carbon reduction potential also amounts to roughly half of the 

original emission levels.  

 By comparison, if future production processes were to comprise only natural gas and coal 

SMR with carbon capture and produce only blue hydrogen from 2025E onwards, the emission 

reduction potential increases slightly from the APS (Table 6). If this 100% blue scenario is 

assumed, approximately half of the carbon emissions from hydrogen production across 

industrial sectors in ASEAN can be eliminated compared to the APS, starting already in 2030. 

In the long-term, three-fifths of carbon emissions from industrial hydrogen production can be 

eliminated (Table 6). 
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Table 6: Carbon Emission Reduction Potential Assuming 100% Blue Hydrogen 
(TPA) 

Note: 100% grey hydrogen based on natural gas and coal SMR is assumed until 2024. 
Source: ERIA (2024), IEA (2023a), Methanol Institute (2022), IRENA and Methanol Institute (2021), authors’ estimates. 
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 Lastly, in an ideal future scenario with maximum decarbonisation, where future hydrogen 

production is entirely green, the carbon reduction potential increases to more than three-

quarters starting in 2030 and reaches almost four-fifths by 2050 (Table 7).
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Table 7: Carbon Emission Reduction Potential Assuming 100% Green Hydrogen 
(TPA) 

Note: 100% grey hydrogen based on natural gas and coal SMR is assumed until 2024. 
Source: ERIA (2024), IEA (2023a), Methanol Institute (2022), IRENA (2021), authors’ estimates. 
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4.    Future Subsidy Requirements 
 According to Purwanto et al. (2024a), the base case hydrogen production capacities of 

173 tonnes per day for alkaline electrolysers and 198 tonnes per day for PEM electrolysers 

are used to determine the costs of green hydrogen generation in Southeast Asia. Different 

to the analysis in ERIA (2024), the cost of renewable electricity is not included, whereby 

it is assumed that a 2 GW solar PV farm will require additional upfront investment of 

US$1.0 billion–US$1.2 billion. The capital expenses comprise the investment necessary 

for electrolyser facilities, plus either the cost of electricity transmission if only the solar PV 

facility is located remotely, or the cost of hydrogen transport and storage if both the solar 

PV farm and the electrolyser are located far from the hydrogen-consuming industrial 

facility. These costs are higher than the current SMR infrastructure. It is anticipated that in 

2050, the cost of infrastructure for transmitting energy and hydrogen will have more or less 

stabilised. However, the price of compressed hydrogen trailer trucks is still subject to 

change, and by 2050, it is conservatively estimated that costs could only be reduced by 

roughly 10%. 

 

Table 8: Incremental Capital Expenditures  

Incremental 
Capex 
(US$ 

million) 

SMR SMR+CCS Alkaline 
Electrolyser 

PEM Electrolyser 

2019 2050E Today 2050E Today 2050E 

Grey 0       
Blue  172 91     
Solar PV 
green on-
site* 

   1,470 400 2,400 530 

Green H2 
pipeline 200 
km 

   1,760 690 2,690 820 

Green CH2 
truck 200 km 

   1,880 770 2,810 900 

Green power 
transmission 
200 km 

   1,690 620 2,620 750 

* Electrolyser capex only, excl. Solar PV 
Source: Purwanto et al. (2024a). 
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 As can be seen in Table 8, Although it is anticipated that the cost of electrolysers will 

drop dramatically by 2050, green hydrogen projects will necessitate initial investments of 

US$400 million–US$620 million for alkaline electrolysers and US$530 million–US$750 

million for PEM electrolysers. These are about 4–8 times higher than the additional cost of 

CCS investment. Green hydrogen will always be more expensive than blue hydrogen, even 

with the most promising new electrolyser technologies, whose economic viability and 

efficiency are still to be determined. 

 In line with the LCOH calculated in ERIA (2024), decreases in regional renewable 

electricity prices and electrolyser unit costs can be achieved through advancements in 

electrolyser technology and increased economy of scale. Assuming ERIA’s (2024) 

incremental per tonne LCOH estimates for blue and green hydrogen above the costs of grey 

hydrogen and using the above hydrogen production volume forecasts, the nominal and 

present values of the total production costs of 100% blue hydrogen, 100% green hydrogen, 

and the APS production technology mix over 20-year project lifetimes are calculated. Unit 

cost and technology assumptions as well as project starting dates of 2030, 2040, and 2050 

are assumed. Furthermore, the potential carbon emission reduction estimates are used to 

calculated possible carbon credits that the sponsors of decarbonised hydrogen production 

projects under the blue hydrogen, green hydrogen, or APS assumptions may be able to 

benefit from. Taking all these trade-offs into account, the present value of future 

decarbonised hydrogen production across the ASEAN region and across the four main 

industries can be summarised as shown in Table 9.   
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Table 9: Incremental Cost of the Aggregate Regional Subsidy over Grey Hydrogen 
and PV 

(US$ billion) 
Carbon 

prices → 
Production 
technology 

mix ↓ 

Technology 
and costs 

status; 
project 

start 

US$100/ 
tonne CO2 

US$200/ 
tonne CO2 

US$300/ 
tonne CO2 

US$500/ 
tonne CO2 

 
100% blue 

H2 
2030 
2040 
2050 

24.7 
12.9 
-1.1 

3.6 
-29.0 
-54.2 

-17.6 
-70.8 
-107.3 

-59.9 
-154.6 
-213.6 

 
100% 

green H2 

2030 
2040 
2050 

291.6 
295.9 
217.9 

270.5 
254.0 
164.8 

249.3 
212.2 
111.6 

207.0 
128.4 
5.4 

 
APS tech. 

mix H2 

2030 
2040 
2050 

19.7 
102.4 
102.9 

-1.5 
60.5 
49.8 

-22.7 
18.7 
-3.4 

-65.0 
-65.1 
-109.6 

Source: Purwanto et al. (2024a). 

 

 Several observations are noteworthy. First, increasing the carbon prices reduces the 

present value of subsidies required for industrial hydrogen to become economically viable. 

This can be observed across the range of carbon prices. In fact, blue hydrogen will generally 

become economically viable on its own starting at carbon prices above US$200 per tonne 

of CO2. Second, 100% green hydrogen can only break even and may not require subsidies 

when technology advancement, electrolyser, and renewable electricity costs decrease to the 

levels forecasted in 2050 and a very high carbon price of US$500 per tonne of CO2 is 

enforced. Third, under a future APS with production technology comprising of gradually 

decreasing grey hydrogen and sequentially increasing blue and green hydrogen, subsidies 

may not be critical anymore starting at carbon prices above US$300 per tonne of CO2. It 

should be noted that under APS conditions, projects initiated in 2040 and particularly 2050 

already start at higher proportions of green and blue vis-à-vis grey hydrogen, resulting in 

lower cost decreases and, thus, increasing (or more slowly decreasing) subsidies compared 

to 2030 cost levels. This trend reversal continues until carbon prices are high enough to 

overcompensate the more severe incremental costs of blue and green hydrogen versus grey 

hydrogen.      
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5.    Policy Recommendations 
 Given the entrenched SMR-based hydrogen production infrastructure, the large 

investments and high switching costs, and, thus, the enormous public sector subsidies 

required to decarbonise hydrogen production across ASEAN industries, AMS must initiate 

selected blue and green development projects by (i) introducing supportive industry 

regulations and incentive and subsidy schemes, (ii) leveraging the regional state-owned 

energy and construction companies, (iii) encouraging investment by private domestic and 

international energy and industrial companies and financial institutions, (iv) collaborating 

in particular with regional and international research institutions and industrial companies 

at the frontiers of CCS and electrolyser technologies, and (v) collaborating with other AMS, 

friendly governments, and multilateral development agencies (Purwanto et al., 2024b).  

 Given the initially lower incremental investments and costs of CCS and the 

potentially lower resistance from relevant energy and oil incumbents, a sequential 

decarbonisation process starting with blue hydrogen is recommended. However, lessons 

must be learned from the US shale gas boom in the US, which brought short-run 

decarbonisation benefits as US power generation reduced its dependency on coal but 

eventually led to a decline in renewable energy investments and R&D (Acemoglu et al., 

2023). In this context, blue hydrogen must be considered solely an interim catalyst solution, 

whilst significant efforts must be made to accelerate subsequent green hydrogen project 

investments (Purwanto et al., 2024b). Too much emphasis on and a possible entrenchment 

into a blue hydrogen infrastructure may raise the risk of reducing incentives to invest in 

much costlier and more disruptive green hydrogen in the long run. This is particularly 

important given the inclination of several regional power monopolists not to rapidly expand 

renewable electricity capacity as well as, importantly, the possible reluctance of incumbent 

oil companies to aggressively shift away from grey or blue hydrogen as needed (Purwanto 

et al., 2024b).    

 Finally, the heavy involvement of AMS and industry regulators and the huge fiscal 

incentives and subsidies involved necessitate strict, corruption-proof industrial policies and 

public procurement and co-financing schemes that ensure competitive project bidding, 

rigorous project planning and control, transparency and accountability (Purwanto et al., 

2024b). 
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6. Conclusions and Future Questions 
 Under the APS, aggregate hydrogen demand in the oil refining, ammonia, methanol, 

steel, and chemical industries across ASEAN is anticipated to grow continuously until 

2050. In this scenario, hydrogen demand from oil refining decreases fastest over the 2020–

2050 projection period, whilst methanol e-fuels and ammonia energy carriers grow even 

faster than in the Likely scenario (ERIA, 2024).       

 In this study, CO2 emissions from hydrogen production via the SMR of natural gas, 

and to a lesser extent coal, i.e. grey hydrogen, are compared for three future production mix 

scenarios. The future APS production technology mix for 2025–2050 is contrasted with 

future scenarios of 100% blue hydrogen production versus 100% green hydrogen 

production between 2025 and 2050. Compared to the estimated 100 MTPA CO2 emissions 

in an SMR-dominated hydrogen economy, under the APS, for all blue or green hydrogen 

scenarios, between half and four-fifths of carbon emissions can be reduced across ASEAN 

industrial sectors by 2050.    

 Significant future government subsidies are required to provide incumbent and new 

hydrogen producers the same project returns as with the hitherto grey hydrogen production 

mix. Thus, aggregate present values of region-wide subsidies in the range of US$20 billion– 

US$100 billion are estimated under the APS with carbon prices between US$100 and 

US$300 per tonne. These subsidies increase significantly to US$100 billion–US$300 

billion when only green hydrogen is contemplated, whereas almost no subsidies are 

required to implement an all-blue hydrogen transition, except at very low carbon prices. In 

contrast, when carbon prices reach US$500 per tonne, only an all-green hydrogen future 

may require subsidies, whereas the APS and blue hydrogen would be self-funded through 

the monetisation of carbon credits.   

 The analysis reported in this paper can be expanded to study more specific country- 

and project-level decarbonisation pathways, green and blue hydrogen production and 

transport economics, and the political economy of promoting, and importantly, financing 

such large-scale projects requiring significant public sector and multilateral support.  
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