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1 Executive Summary 

The refining and petrochemical industries are the third largest industrial emitters of CO2, 
after thermal power plants and iron and steel manufacturing.1 These industries have 
some of the hardest emissions to abate because of continued and—in Asia—still growing 
demand for their outputs. 

CCUS offers a path to decarbonization of the industry; increased demand for hydrogen, 
energy and chemical production from algae, or other clean fuel byproducts of refining 
and petrochemical operations that could be sufficient to create additional or alternative 
revenue streams for refineries or petrochemical producers. Such revenue streams may 
also support the production of polymers, cement (through mineralization) or other 
building materials. Many in the oil and gas industry, as well as industry observers, see 
CCUS as essential to hitting emissions targets, with the International Energy Agency (IEA) 
saying, “carbon capture, utilisation and storage (CCUS) will be “critical for putting energy 
systems around the world on a sustainable path”.

2 

The economics of CCUS and its path to eventual financial viability, depend on a wide 
range of factors associated with traditional refining operations, the technological 
readiness of CCUS applications, demand for the outputs of CCUS, and the policy and 
regulatory environment affecting carbon emissions. The main phases of the CCUS life 
cycle begin and end ultimately with demand considerations – first of oil, and last of the 
CO2 reutilization product: 

1. Oil Demand in DMCs 

2. Petroleum Refinery – Operations and Regulation 

3. CO2 Capture Process utilized 

4. CO2 Storage and Transport 

5. “Recycling” and Transformation Processes 

6. Market for final CO2 Recycled Products 

This value chain is illustrated in Figure 1.1 and expanded upon throughout this paper.  

 
1 “Emissions by Sector,” Our World in Data, accessed February 9, 2021, https://ourworldindata.org/emissions-by-

sector. 
2 IEA. “Is Carbon Capture Too Expensive? – Analysis.” Accessed August 1, 2021. 

https://www.iea.org/commentaries/is-carbon-capture-too-expensive. 

https://www.iea.org/commentaries/is-carbon-capture-too-expensive
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Figure 1.1: CCUS Value Chain for CO2 Reutilization  

 
Source: Consultant’s conceptualization 

Currently, an estimated 0.2 GtCO2/year is recycled globally as feedstock for reutilization. 
A recent study by Columbia University Center on Global Energy Policy3 projects a possible 
5.3 GtCO2/year captured from single point sources and reutilized through transformation 
processes. This total abatement volume is contingent, however, upon the carbon 
intensity of the power supply and other processes required to reach the final recycled 
product. For example, the 5.3 GtCO2/year assumes fully green (renewable) energy 
production utilized throughout the life cycle. Carbon captured through the refining 
process would be offset by the emissions generated in the upstream inputs process, such 
as power supply and oil extraction processes. 

Economics of Refineries and CCUS 

The economics of refineries and of CCUS specifically are described in Section 3 of this 
paper. Key takeaways from this analysis are: 

▪ The key cost drivers for carbon capture at the refinery level are the facility’s 
technical configuration and the CO2 concentration in waste streams. 

▪ The cost input drivers for carbon transformation to a “recycled” product are 
catalyst selectivity, process efficiency, and either electricity cost or hydrogen 
feedstock, depending on the transformation process (also referred to as a 
technology pathway). Regardless of the process employed, total production 
costs are very sensitive to the cost of electricity needed to for the 
transformation, and the efficiency (referred to as “selectivity”) of the catalyst.  

▪ The offtake markets for CCUS products are in the very early stages. Very few 
products are considered market ready, and still need enabling environment 
support to stimulate both supply and demand. Concrete products are the only 
finished products that are commercially viable; other market ready products 
are feedstocks for other industrial or chemical processes and products. 

▪ Internalized CO2 reductions benefits are higher with greener inputs, such as 
electricity generated from renewable energy sources for refinery operations, 

 
3 “Opportunities and Limits of CO2 Recycling in a Circular Carbon Economy: Techno-Economics, Critical Infrastructure 
Needs, and Policy Priorities”; Bhardwaj, A., McCormick, C., Friedmann, J; May 2021 

Petroleum Refinery CO2 Capture Process Storage and transport Transformation

Reutilized CO2 Product 

Market Demand and Value

CO2 Production, 
Regulation, and Pricing

Oil Demand in DMCs

1 2 3 4 5

6
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green and blue hydrogen feedstocks, and from products with longer CO2 
abatement (storage) lives. Internalized benefits are also higher when there is 
an established CO2 price – either through an emissions tax or trade 
mechanism – that is greater than the cost of captured carbon as a feedstock 
for utilization. 

▪ Regulatory costs and policy incentives related to carbon emissions are also 
critically important drivers for CCUS technologies. If refiners are not forced or 
incentivized somehow to internalize the cost of carbon emissions—whether 
through the application of a carbon tax, a requirement that they purchase 
carbon emissions or some other regulatory measure—most CCUS 
technologies stand little chance of achieving commercial viability. Nearly all 
industry experts consulted for this report said “policy” was the number one 
determinant of the commercial viability of CCUS. 

Areas for Possible ADB Support 

Areas of possible support from ADB generally include loans, guarantees, equity 
investments, grants and technical support. Given the high cost of many CCUS 
technologies, ADB’s OCR offerings and possibly some of the debt management products, 
seem—at a high level—to be the most obvious initial fit for a CCUS project. Such lending 
could conceivably be coupled with grant-funding from specific trust funds to buy down 
the cost of an economically viable CCUS project, bringing it into the realm of 
commercial/financial viability (see Section 6.1.3). 

ADB’s involvement could include. 

1. Direct Development & Financing CCUS projects in refinery / petrochemical 

facilities. This can be only carbon capture (“simple projects”) or also the 
reutilization processes (“complex projects”) and infrastructure. 

2. Policy and Regulatory Advisory to national and/or regional enabling 

environments and consensus building 

3. Indirect CO2 Project Development & Financing of refinery infrastructure to 

reduce the carbon footprint of non-captured CO2 caused by 

refinery/petrochemical activities (to increase the net carbon abatement that can 

be achieved by CCUS activities)  

4. Recycled CO2 Product Market Support through investment in infrastructure 

needed to conduct CCUS at scale, support to R&D on more efficient and selective 

catalysts, and support to market creation through policies that promote local 

production and consumption of recycled CO2 products  

The project development and financing opportunities would also allow ADB to provide 
support in the form of Scoping and feasibility studies; project preparation; financing 

arrangements for project development; implementation arrangements and supervision. 
Soft interventions include technical assistance for Policy / Regulatory Advisory and 

Development, Capacity Building, Regional Cooperation, Regional Carbon Market 
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Development, etc. There is also space for financing Research and Development on new 
technology to reduce the costs and improve marketability of recycled CO2 products. 

In deciding where and how to invest, it is important for ADB to be guided by criteria that 
ensure, as best as possible, that the investments are helping to advance the evolution of 
CCUS technologies by providing financing that tips the balance of such technologies 
toward financial viability. 

Table 6.3 summarizes the suggested criteria and identifies the characteristics of possible 
investments that would make them lower or higher priority. Each of the criteria, and the 
reasons for prioritization, are described in more detail in the following subsections. 

Table 1.1: Suggested Investment and Intervention Evaluation Criteria 

Priority/ 

Criteria 

Lower priority Higher priority 

Economic viability Economically unviable, 
given costs of investment 
and benefits of avoided 
externalities (principally, 
CO2 emissions) 

Cost of “CO2 Recycled 
Product” production far 
exceeds the market value / 
sale price  

Economically viable, with 
EIRRs of at least 6%. 

 

Ratio of Cost of Production 
to Sale Price is low4 or clear 
cost savings can be 
achieved through identified 
intervention. 

Policy and Regulatory 
Environment 

Absence of progressive 
policies to induce 
internalization of CO2 costs 

Little to no ability to 
influence public policy or 
regulation that support 
demand / supply of 
recycled CO2 products, or 
impose more strict CO2 

emissions rates on refiners 
and industry. 

Little to no ability to build 
up a voluntary or 
mandatory system of 
carbon pricing, trading or 
taxation. 

Progressive in incentivizing 
or requiring internalization 
of costs of CO2 

Strong ability or leverage to 
influence public policy or 
regulation that support 
demand / supply of 
recycled CO2 products, or 
impose more strict CO2 

emissions rates on refiners 
and industry. 

Strong ability or leverage to 
build up a voluntary or 
mandatory system of 
carbon pricing, trading or 
taxation. 

 
4 The Columbia University study on CO2 Recycling recommends prioritizing products where the cost of production and 

market sale price ratio is 1 (or less than 1). Early market entry products have a ratio of less than 5, and promising 
products that need additional technology advancement has a ratio of less than 8. 
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Priority/ 

Criteria 

Lower priority Higher priority 

Technical and Market 
Readiness 

Technology pathways and 
products that are far from 
readiness 

Technology pathways and 
products that are currently 
commercially viable, or 
with R&D investment may 
be in the short term. 

Net carbon footprint 
(Carbon Abatement 
Potential) 

Projects which increase the 
refiner’s carbon footprint, 
on net 

Products with a short 
carbon storage life (CO2 is 
re-released through 
product utilization or 
degradation in the short to 
medium term) 

Project which reduce the 
refiner’s carbon footprint, 
on net 

Products with a long carbon 
storage life (CO2 is re-
released through product 
utilization or degradation 
over a longer term) 

 

ADB will likely wish to consider CCUS projects where the level of technical and market 

readiness is relatively high. This avoids foisting on DMCs more experimental technologies 

with little track record and promises better scalability and is consistent with the premise 

(introduced above) of doing projects that are on the cusp of commercial viability, but not 

quite there. 

The only recycled CO2 products shown to be market ready and commercially viable at 

this time are concrete products, ethanol produced through biomass fermentation, and 

carbon monoxide (CO) produced by electrochemical CO2. Projects financed with the goal 

of producing any of these products through their specific technology pathways would 

have the earliest return of any on the horizon. 

ADB will also likely want to look to DMCs that show more progressive policies in terms 

of requiring or incentivizing the internalization of CO2 emissions by refiners. This will 

make it easier (and require less capital) to bridge the gap between economic and 

financial viability of CCUS investments. ADB may also wish to look to jurisdictions that 

are promoting renewable energy generation and hydrogen transport, especially if such 

facilities are co-located with refining operations. Renewable energy power plants offer 

lower cost, carbon free electricity that can be used by refineries; hydrogen transport 

would offer links to markets for refiners wishing to produce it as part of a larger 

investment in CCUS. 

ADB will also presumably want to identify potential projects with the lowest net carbon 

impact possible and alignment with ADB’s commitment to the Paris Agreement. This is 

important for consistency with the criterion of economic viability (described above, and 
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critical for ADB loan approval). When assessed from a lifecycle perspective, the 

investment should be reducing CO2 emissions (and the cost of CO2 emissions) overall. 

Conclusion and Next Steps 

There is tremendous industry interest in CCUS and with the future of oil markets 

uncertain, carbon capture and utilization technologies offer a potential hedge against 

stranding of refinery assets. Oil refiners—long accustomed to low margins and high risk 

of upstream and downstream price volatility—were already experiencing excess capacity 

before the COVID-19 pandemic; the global health crisis has imposed additional stress, as 

demand for refined fuels has declined further.5 

For ADB, investments in CCUS offer an opportunity to be a driving force in the early 

commercialization of promising CO2 utilization technologies in a sector that poses one 

of the most difficult abatement challenges. Whereas investments in renewable energy 

and even enhanced oil recovery (EoR) are now able to attract commercial financing. 

Many promising CCUS technologies remain economically but not quite financially viable 

and here is where ADB support can help. 

Not every CCUS investment will be Paris aligned, but some will and will need to undergo 

the specific assessments foreseen by the multilateral development banks (MDBs) under 

the Joint Framework. Getting to the specific assessment phase will require continued 

involvement with ADB’s counterparts in the DMCs and dissemination within ADB and to 

client counterparts of the results of ADB’s analytical work thus far on CCUS. 

As always, technical assistance is likely to be a good way for ADB to monitor and possibly 

influence client counterpart thinking on possible investments in CCUS. ADB has already 

begun to work with certain national oil companies (NOCs) in developing of their green 

energy plans and in planning possible demonstration projects.6 Such early involvement 

with NDCs in helping them to think about how to decarbonize the oil and gas sector will 

be important as a way of gauging and tracking client interest in CCUS in specific projects 

where ADB financing could play a role. 

  

 
5 Simon Flowers, “Oil Refining – Facing up to Structural Overcapacity,” July 3, 2020, 

https://www.woodmac.com/news/the-edge/oil-refining-facing-up-to-structural-overcapacity/. 
6 See, for example: 

https://selfservice.adb.org/OA_HTML/OA.jsp?OAFunc=XXCRS_CSRN_PROFILE_PAGE&selNo=170871 and 
https://selfservice.adb.org/OA_HTML/OA.jsp?OAFunc=XXCRS_CSRN_PROFILE_PAGE&csrnKey=EEB6B452F0826AC
EA34C4A778C3DE61ED162B266E486CA0EB362A34CEF76140F&fromDER=Y&refresh_csrn=true  

https://selfservice.adb.org/OA_HTML/OA.jsp?OAFunc=XXCRS_CSRN_PROFILE_PAGE&selNo=170871
https://selfservice.adb.org/OA_HTML/OA.jsp?OAFunc=XXCRS_CSRN_PROFILE_PAGE&csrnKey=EEB6B452F0826ACEA34C4A778C3DE61ED162B266E486CA0EB362A34CEF76140F&fromDER=Y&refresh_csrn=true
https://selfservice.adb.org/OA_HTML/OA.jsp?OAFunc=XXCRS_CSRN_PROFILE_PAGE&csrnKey=EEB6B452F0826ACEA34C4A778C3DE61ED162B266E486CA0EB362A34CEF76140F&fromDER=Y&refresh_csrn=true
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2 Introduction 

The refining and petrochemical industries are the third largest industrial emitters of CO2, 
after thermal power plants and iron and steel manufacturing.7 These industries have 
some of the hardest emissions to abate because of continued and—in Asia—still growing 
demand for their outputs. 

CCUS offers a path to decarbonization of the industry; increased demand for hydrogen, 
energy and chemical production from algae, or other clean fuel byproducts of refining 
and petrochemical operations that could be sufficient to create additional or alternative 
revenue streams for refineries or petrochemical producers. Such revenue streams may 
also support the production of polymers, cement (through mineralization) or other 
building materials. Many in the oil and gas industry, as well as industry observers, see 
CCUS as essential to hitting emissions targets, with the International Energy Agency (IEA) 
saying, “carbon capture, utilisation and storage (CCUS) will be “critical for putting energy 
systems around the world on a sustainable path”.

8 

ADB has been working to support the implementation of Carbon Capture Utilization and 
Storage (CCUS) since 2008. CCUS technologies have attracted increasing attention in 
recent years for their potential to convert the most abundant and ubiquitous byproduct 
of energy consumption into cleaner fuels. ADB, like many development finance 
institutions (DFIs) will have difficulty financing the use of CCUS for enhanced oil recovery 
(EOR) but there are opportunities to finance other CCUS applications especially in the 
production of cleaner fuels or other consumer goods. 

ADB accordingly wants to explore how it might support CCUS at refineries and 
petrochemical producers on this path to decarbonization. Asia and the Middle East are 
together set to dominate the refining sector in the coming decades, meaning the 
importance of the sector to ADB’s Developing Member Countries (DMCs) will grow in 
strategic importance even as the trajectory of demand for oil and gas remains uncertain.9  

The economics of CCUS and its path to eventual financial viability, depend on a wide 
range of factors associated with traditional refining operations, the technological 
readiness of CCUS applications, demand for the outputs of CCUS, and the policy and 
regulatory environment affecting carbon emissions. Figure 2.1 illustrates the range of 
factors that determine the economic and financial viability of CCUS. 

 
7 “Emissions by Sector,” Our World in Data, accessed February 9, 2021, https://ourworldindata.org/emissions-by-

sector. 
8 IEA. “Is Carbon Capture Too Expensive? – Analysis.” Accessed August 1, 2021. 

https://www.iea.org/commentaries/is-carbon-capture-too-expensive. 
9 “IEA Says Refining Sector to Transform by 2040, Asia to Dominate | S&P Global Platts,” November 13, 2019, 

https://www.spglobal.com/platts/en/market-insights/latest-news/oil/111319-iea-says-refining-sector-to-
transform-by-2040-asia-to-dominate. 

https://www.iea.org/commentaries/is-carbon-capture-too-expensive
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Figure 2.1: Cost and Value Drivers for CCUS 

 

 
This report analyzes the economics of CCUS at refineries (Section 3), and the refining 
industry and CCUS deployment in Asia (Section 4). It further looks at financing structures 
and sources typically used in refining (Section 5), as a prelude to identifying possible ways 
in which ADB might finance CCUS at refineries (Section 6). The appendices include 
information supporting the narrative and analysis in the body of the report. The report 
focuses on non-EOR applications, given ADB’s emerging policies on support to the 
hydrocarbons and petrochemicals sectors. 
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3 The Economics of Refineries and CCUS 

The economics of CCUS depend heavily on the economics of refineries. Section 3.1 
describes the economics of refineries and analyzes the financial performance and capital 
structure of refiners in Asia and globally. Section 3.2 describes the economics of CCUS at 
refineries. 

3.1 The Economics of Refineries 

The profitability of a refinery is affected by a range of factors that affect cost or revenues 
side. Costs include the cost of crude oil (the input stock to be refined), operating and 
maintenance costs, financing costs and regulatory costs associated with environmental 
compliance. Revenues are the proceeds the refiner receives from selling its products. 

A common method of roughly calculating the profitability of a refinery is by calculating 
the crack spread, which is the difference in the sales price of refined products – such as 
gasoline and fuel oil distillates – and the price of crude oil. The 3-2-1 crack spread is a 
way to estimate the profitability of a refinery that takes the assumption that for every 
three barrels of oil used as input, the refinery produces an equivalent two barrels of 
gasoline and one barrel of distillate fuels (diesel and heating oil). 6.2.4Appendix C 
explains the 3-2-1 crack spread calculation in more detail. 

3.1.1 Costs 

Crude oil price is one of the most important determinants of profitability, as crude oil is 
the primary input in the refining process, and a major driver of variable cost levels in 
refineries. Most refinery operating costs are attributable to crude oil and blend stocks, 
which generates around half of the energy used by a refinery.10 Crude oil has its price 
defined in the global petroleum market, and it can be of four different types: (i) lighter 
(more expensive, high demand); (ii) heavier (cheaper, low demand); (iii) sweet (low 
Sulphur content); and (iv) sour (high Sulphur content)11. More expensive, sweeter, lighter 
crude oil is easier to refine than its cheaper, sour, heavy counterpart, requiring less 
refinery upgrading for its use.12 The outlook for global crude oil prices is described in 
Appendix D, Section D.1. Appendix B describes the demand and supply dynamics for 
crude oil and refined products in the case study countries (India, Indonesia, Vietnam, and 
Malaysia). 

Operating and maintenance costs typically include fuel oil and gas costs for steam 
production, utilities costs, and chemical costs. Whereas the values will differ 
considerably between refineries and at different points in time, this table gives a rough 
idea of how specific cost items contribute to the overall total of operating costs. Table 
4.1 shows an indicative breakdown of a refinery’s operating costs. Fuel oil and fuel gas 
account for around 6.1 percent of all operating costs, followed by maintenance (3.5 

 
10 Chang Samuel Hsu and Paul R. Robinson, Practical Advances in Petroleum Processing (Springer-Verlag New York, 

2006), 1-78. 

11 Sulphur is an undesirable characteristic of petroleum products. It can hinder the efficient operation of some 
emission control technologies and, when burned in a combustion engine, is released into the atmosphere where it 
can form sulphur dioxide. 

12 Natural Resources Canada. (2018). “Refinery Economics.” Government of Canada. Available at 
https://www.nrcan.gc.ca/energy/energy-sources-distribution/refinery-economics/4561 

https://www.nrcan.gc.ca/energy/energy-sources-distribution/refinery-economics/4561
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percent), operations (2.7 percent), and catalysts and chemicals (1.9 percent).13 Electrical 
power accounts for the smallest amount of refinery operating costs at 0.8 percent. 

Table 3.1: Indicative Breakdown of Refinery Operating Costs 

Item Percent of “Other” Percent of Total 

Crude oil and blend stocks - 85 

Other operating costs 

Fuel oil, fuel gas 40.7 6.1 

Electrical power 5.3 0.8 

Maintenance 23.3 3.5 

Operations 18 2.7 

Catalysts and chemicals 12.7 1.9 

Source: Chang Samuel Hsu and Paul R. Robinson, Practical Advances in Petroleum Processing (Springer-
Verlag New York, 2006), 1-78.  

 

Corporate overheads, regulatory and tax costs, financing costs and depreciation are not 
included in this analysis but these are also important drivers.  

The cost of corporate overheads will depend—at least in part—on the level of vertical 
integration of the oil company. In the case of vertically integrated oil companies, for 
instance, the profitability of refining activities may be seen as a part of a linked supply 
chain. Under these circumstances, although the refinery may not be profitable itself, the 
rest of the system could well be. This model, however, has been losing relevance over 
the past two decades, as companies shift instead towards a model requiring each 
component of the supply chain to pull its own weight, generating sufficient profitability 
to satisfy investors’ requirements for return on invested capital.14 

Regulatory and tax costs are highly dependent on where the refiner operates, and the 
laws and regulations applicable to them. Environmental compliance costs are a critical 
regulatory cost and are likely to become increasingly important in the coming years as 
refiners are required to absorb the cost of their carbon emissions, either through a 
carbon tax, by purchasing carbon offsets, or similar measures to disincentivize CO2 
release into the atmosphere. The cost of CO2—if imposed on refiners—is therefore a 
critical potential future determinant of the profitability of refining operations. The 
outlook for CO2 prices is described in Appendix D, Section D.2. Appendix B describes the 
outlook for CO2 emissions in the case study countries. 

Financing costs depend on the cost of, and the mix of debt and equity used to finance 
the construction of new refineries, their expansion or refurbishment. Section 5 describes 
the structure and sources of financing for refineries globally. Section 3.1.3 analyzes 
profitability and the debt-equity mix used by refiners globally and in Asia specifically. 

 
13 Chang Samuel Hsu and Paul R. Robinson, Practical Advances in Petroleum Processing (Springer-Verlag New York, 

2006), 1-78. 

14 Robert Pirog. (2007). “Petroleum Refining: Economic Performance and Challenges for the Future.” CRS Report for 
Congress. Available at 
https://www.everycrsreport.com/files/20070323_RL32248_9e489f54b235e822472fd71d55962e623e592be1.pdf  

https://www.everycrsreport.com/files/20070323_RL32248_9e489f54b235e822472fd71d55962e623e592be1.pdf
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3.1.2 Revenues 

Revenues are dependent upon prices received for the refiners’ outputs and the volume 
of demand for the refined products. In most cases, these prices are determined 
competitively in the market, with some differences between geographical areas based 
on the proximity of the refinery to its consumers, differing regulatory requirements in 
different markets, and the availability or unavailability of government subsidies for 
refined fuels. The volume of demand is particularly relevant for this report and for the 
profitability of refineries. Because refineries are capital intensive, they have high upfront 
fixed costs (capital costs or CAPEX) relative to variable costs. Reductions in demand for 
their products will make it more difficult to recover these fixed costs and will jeopardize 
profitability. It therefore behooves refiners to pay close attention to oil demand 
forecasts (see Appendix D, Section D.1 and Appendix B for specific Asian markets) and to 
look for possible alternative revenue streams of which carbon capture and utilization 
may be one. 

A refinery’s technical configuration will also determine, to some extent, its revenues. 
Refineries are often classified as having “simple”, “complex”, or “deep conversion” 
capabilities which measure the ability of the refinery to upgrade crude into different 
products.15 Refineries with more complex configurations allow producers to more easily 
shift production to different refined fuels as the market demands them. 

3.1.3 Recent financial performance of refiners 

Table 3.2 shows key financial indicators for major IOCs, NOCs, and private refiners across 
the world (ex-Asia). Although IOCs may be expected to perform differently than NOCs 
and private refineries – mainly due to their size, level of internationalization, and high 
vertical integration – they serve as a good benchmark of financial performance in the 
refining sector. The table shows that global refiners had revenues that averaged 
US$199.8 billion in 2019, with average profit margins of 7.59%, and operating margins 
of 13.7%.16 At the same time, we also see that the average global refiner enjoyed a 
relatively modest return on assets (3.61%) and a healthy return on equity for the year 
(7.78%). Finally, we see that global refiners tend to have relatively high leverage, with an 
average debt-to-equity ratio of 46.14. 

It is important to note that these averages change substantially if Saudi Aramco – which 
has exceptionally high margins, not comparable to any other global refiner outside the 
Middle East – is removed from the calculation. In that case, average revenue is reduced 
to US$ 187.8 billion, profit margins drop to 4.8%, and operating margins shrink to 7.79%. 
Due to data limitations, it is not possible to calculate the ROA and ROE of Saudi Aramco 
in 2019, as the company only went public in December of 2019. Excluding Saudi Aramco 

 
15 Project Finance for the International Petroleum Industry (Elsevier, 2016), https://doi.org/10.1016/C2013-0-13683-

5. 

16 Data for 2019 were used instead of 2020 because of the anomalous effects of COVID-19 on the industry. Results for 
2020 were considerably worse because of the volatility in oil prices caused by the economic impact of the COVID 
pandemic, which resulted in negative profit margins of -4.27% and operating margins of 5.33%. Asian showed 
superior financial performance during the COVID pandemic, with higher average profit margins (1.54% vs -4.27%), 
higher operating margins (6.35% vs 5.33%), and much higher return on assets (1.5% vs 0.88%) and equity (8.4% vs 
-8.32%) than global refiners. Results for Asian refiners in 2020 also showed that—in contrast to the results for 
2019—they were much less leveraged, on average than their global counterparts: while the average global refiner 
had a debt-to-equity ratio of 74.3, the average Asian refiner had a debt-to-equity ratio of only 42.2. 
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from the calculations also increases average debt-to-equity ratio to 48.66, further 
highlighting the level of financing leverage in the industry.  

In Asia, the metrics tell a different story, highlighting the divergence in financial 
performance between global refiners and refineries on the continent, which have 
performed worse on average. Table 3.3 presents key financial indicators for major 
refiners in Asia. The table shows that Asian refiners were on average significantly smaller 
than their global counterparts (US$80.2 billion vs US$199.8 billion). At the same time, 
Asian refiners have displayed poorer financial performance, with significantly lower 
average profit margins (0.93% vs 7.59%), lower operating margins (3.75% vs 13.70%), 
and lower return on assets (1.92% vs 3.61%). Notably, Asian refiners enjoy slightly better 
return on equity compared to their global counterparts (7.9% vs 7.78%), although both 
ROA and ROE metrics were only available for a couple of Asian refiners.  

Finally, it is interesting to note that Asian refiners are more leveraged, on average, when 
compared to their global counterparts: while the average global refiner had a debt-to-
equity ratio of 46.14, the average refiner in Asia had a debt-to-equity ratio of 81.49. 
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Table 3.2: Select Global Refiners (ex-Asia), 2019 

Company Origin Type 
Revenue  

(USD 

Billions) 
Profit Margin Operating Margin Debt-to-Equity Ratio 

Return 

on 

Assets  

(ROA) 

Return on 

Equity 

(ROE) 

BP  United Kingdom IOC 278.40 1.45% 5.82% 64.44 1.50% 4.10% 

Royal Dutch Shell  Netherlands IOC 344.88 4.59% 6.65% 42.72 4.10% 8.20% 

Exxon Mobil  United States IOC 255.58 5.61% 4.99% 13.24 4.20% 7.50% 

Total France IOC 176.25 6.39% 8.71% 40.91 4.87% 10.40% 

Chevron  United States IOC 139.87 2.09% 3.96% 16.32 1.13% 1.96% 

Marathon Petroleum United States Private Refiner 123.95 2.13% 4.90% 66.75 3.48% 5.30% 

Phillips 66  United States Private Refiner 107.29 2.87% 3.11% 41.28 5.28% 11.36% 

Petrobras  Brazil NOC 76.59 13.25% 24.16% 103.64 4.29% 13.38% 

Saudi Aramco Saudi Arabia NOC 295.00 29.90% 61.02% 26.00 N/A N/A 

Average  199.76  7.59% 13.70% 46.14 3.61% 7.78% 

Average (ex-Aramco)  187.85  4.8% 7.79% 48.66 3.61% 7.78% 

Source: Yahoo Finance; Company Annual Filings 
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Table 3.3. Select Refiners in Asia, 2019 

Company Origin Type 
Revenue  

(USD 

Billions) 

Profit 

Margin 
Operating Margin 

Debt-to-equity 

ratio 

Return 

on 

Assets  

(ROA) 

Return 

on 

Equity 

(ROE) 

Sinopec Group China NOC 463.66 1.90% 19.32% 27.00 3.05% 6.29% 

Mangalore Refinery and Petrochemicals India NOC 6.82 -6.70% -6.60% 181.11 N/A N/A 

Pertamina Indonesia NOC 54.60 4.40% 8.90% 55.66 N/A 13.45% 

Indian Oil Corporation Limited  India NOC 87.06 2.06% 3.86% 120,00 N/A 9.10% 

Hindustan Petroleum Corporation Limited India NOC 42.68 2.17% 1.89% 133.00 2.12% 8.07% 

Bharat Petroleum Corporation Limited  India NOC 40.09 1.07% 1.97% 132.00 N/A N/A 

Nayara Energy Limited India Private Refiner 13.63 1.48% N/A N/A N/A N/A 

Petron Philippines Philippines Private Refiner 10.64 0.45% -1.62% 3.10 0.60% 2.60% 

Petron Malaysia Malaysia Private Refiner 2.77 1.54% 2.31% 0.09 N/A N/A 

Average 80.22 0.93% 3.75% 81.49  1.92% 7.9% 

Source: Yahoo Finance; Company Annual Filings 
Note: The 2019 Fiscal Year for Indian companies encompasses April 1st 2019 through March 31st 2020   
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3.2 The Economics of Carbon Capture Utilization 

The economic drivers of Carbon Capture Utilization are like those for refineries but with 
additional costs associated with the storage, transport and use of CO2. The additional 
costs stem from the energy required to capture and convert CO2 into products, such as 
fuels, that have higher accessible thermal energy. Such products also require hydrogen 
as a co-reactant, meaning additional hydrogen is often also required.17 

Regulatory costs and policy incentives related to carbon emissions are also critically 
important drivers for CCUS technologies. If refiners are not forced or incentivized 
somehow to internalize the cost of carbon emissions—whether through the application 
of a carbon tax, a requirement that they purchase carbon emissions or some other 
regulatory measure—most CCUS technologies stand little chance of achieving 
commercial viability. Nearly all interviewees consulted for this report said “policy” was 
the number one determinant of the commercial viability of CCUS. 

Costs 

The potential profitability of CCUS at any given refinery depends critically on the 
concentration of CO2 emissions at the facility and the cost of capturing and using the 
CO2. Different sources of CO2 emissions have different levels of CO2 concentration. High 
CO2 concentration processes such as natural gas processing, ethanol fermentation, and 
ammonia production emit streams with 95 to 100% CO2 concentration. CO2 emissions 
from natural gas processing, ethanol fermentation, and ammonia production require no 
separation from other gases, only dehydration and compression before transport.18 This 
lowers the CO2 capture cost and makes high CO2 concentration emission sources 
economically advantageous for CCUS technologies and projects. In the refining sector, 
the highest yielding processes include Fluid Catalytic Cracking (FCC) and the Steam 
Methane Reformer Feed. Other streams with medium potential are these from the crude 
distillation unit (CDU) and Vacuum Distillation Unit (VDU).19 

The cost of capturing and using the CO2 depends also on the process used. Carbon 
capture and utilization technologies fall into four categories: (i) carbonation, (ii) 
biological, (iii) thermochemical, and (iv) electrochemical and photochemical 
conversion.20 Of these processes, carbonation is the closest to commercial viability or 
“technology readiness”.21 Table 2.3 summarizes the four technology pathways defined 
by the National Petroleum Council (NPC) and their levels of technology readiness. 
Appendix F includes additional information on each of these technology pathways. 

 
17 “Meeting the Dual Challenge: A Roadmap to At-Scale Deployment of Carbon Capture, Use, and Storage: Chapter 

Nine – CO2 Use,” National Petroleum Council report, December 2019, https://dualchallenge.npc.org/files/CCUS-
Chap_9-030521.pdf, p. 9-4. 

18 “Meeting the Dual Challenge: A Roadmap to At-Scale Deployment of Carbon Capture, Use, and Storage: Chapter 
Two – CCUS Supply Chains and Economics,” National Petroleum Council report, December 2019, 
https://dualchallenge.npc.org/files/CCUS-Chap_2-030521.pdf, p. 2-4. 

19 Report on CCUS by ADB Technical Consultant, Monica Garcia. 

20 “Meeting the Dual Challenge: A Roadmap to At-Scale Deployment of Carbon Capture, Use, and Storage: Chapter 
Nine – CO2 Use,” National Petroleum Council report, December 2019, https://dualchallenge.npc.org/files/CCUS-
Chap_9-030521.pdf, p. 9-4. 

21 On a scale of 1-10, a 10 represents the most technologically ready, 1 represents the least technologically ready. 

https://dualchallenge.npc.org/files/CCUS-Chap_9-030521.pdf
https://dualchallenge.npc.org/files/CCUS-Chap_9-030521.pdf
https://dualchallenge.npc.org/files/CCUS-Chap_2-030521.pdf
https://dualchallenge.npc.org/files/CCUS-Chap_9-030521.pdf
https://dualchallenge.npc.org/files/CCUS-Chap_9-030521.pdf
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Table 2.3: Non-Enhanced Oil Recovery CO2 Utilization Technologies 

Technology Pathway 
Potential 

Products 
Attributes 

Technology 

Readiness Level 

(Scale: 1-10) 

Carbonation and 

cement 

Construction 
materials, 
specialty 
materials 

Offers great permanency 5-8 

Biological 
Chemicals and 
fuels 

Permanency depends on 
product; slower inherent 
kinetics than alternative use 
pathways 

3-9 

Thermochemical 
Chemicals, 
materials, and 
fuels 

Can use natural gas where it 
is available 

2-5 

Electrochemical and 

photochemical 

Chemicals, 
materials, and 
fuels 

Can use excess renewable 
energy 

1-4 

Note: Derived from Table 9-1: Current Status of CO2 Use Technologies in Chapter 9 of the 2019 NPC 
Report “Meeting the Dual Challenge: A Roadmap to At-Scale Deployment of Carbon Capture, 
Use, and Storage.” 

 
Input costs and Sensitivity 

The cost of CO2 conversion through electrochemical pathways is high, and is dominated 
by the cost of electricity, which ranges from approximately 65 percent to over 90 percent 
of the overall CO2 pathway cost when using renewable energy generation. The remaining 
production cost is split fairly evening between the other electrochemical inputs: fixed 
operation and maintenance, capital expenditures (investment), and CO2 feedstock 
costs.22  

Thermochemical pathways have lower production costs than electrochemical. The NCP-
defined thermochemical pathways consume hydrogen (H2) as a reactant, and when H2 

feedstock is supplied through the use of renewable energy for its production, this 
feedstock cost is the largest overall component, which ranges from approximately 40 
percent to over 90 percent of the total. The Biological and Carbonation pathways do not 
use H2 as a feedstock, which contributes to their lower overall production costs. 23  

The cost of all pathways for CO2 product production is highly sensitive to changes in the 
input prices for electricity (USD/kWh) (even thermochemical pathways), even if it does 
not comprise a large portion of the overall cost. Sensitivity analysis consistently shows a 
percentage change in production cost at the same magnitude as the rise or fall in 
electricity cost. Increasing catalyst selectivity—which improves the catalyst’s ability to 
avoid side reactions and reducing the amount of hydrogen needed—presents the 
greatest opportunity for cost reductions under all pathways. For example, in most 

 
22 Columbia University CO2 recycling study 

23 Columbia University CO2 recycling study 
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pathways, increasing selectivity by 20 percent has shown to reduce costs by more than 
15 percent. Reducing selectivity by 20 percent causes an average 25 percent cost 
increase. Sensitivity to electrical efficiency (for electrochemical) and hydrogen prices (for 
thermochemical) is slightly less in most cases to catalyst selectivity. Other input costs or 
efficiencies are weaker cost drivers to the total production costs. 24 

Transport costs, finally, are important if the CO2-based product produced at the refinery 
has to be shipped anywhere for its eventual consumption. Refineries that are able to use 
the CO2 onsite or in nearby industrial facilities will be more viable for certain types of 
CCUS than those that are remote from facilities where the CO2 can be utilized. 

As noted in Section 1, enhanced oil recovery (EOR) has historically been the most 
common use of CO2 because it required no conversion of CO2 and can in some cases be 
used at oil basins in close proximity to the refinery. EOR injects CO2 into declining oil 
reserves in order to recover crude that might not have been recoverable otherwise.25 
EOR is already commercially viable in many applications. Six of the 10 currently 
operational CCUS projects in the United States are EOR projects and were exclusively 
market-driven and were developed without external support: the combination of low-
cost CO2 supply and substantial demand for CO2 for EOR purposes made the projects 
financially viable without external support. The other four projects in the U.S. would not 
have been commercially viable without government subsidies.26 

As noted above, regulatory costs are also critically important to CCUS, especially those 
related to carbon emissions. The NPC study cited throughout this document provides 
some guidance on the breakeven points for refiners to begin to find potential CCUS 
applications attractive. Authors of the NPC study estimated the CO2 capture costs at 
refineries (from the fluidized catalytic cracker) as ranging from USD 98.02 to USD 
150.59/tonne of CO2. Whereas the estimates are specific to the US, they offer at least 
an indicative range of magnitudes.27  

Columbia University’s study on recycled CO2 calculates carbon prices needed for various 
CO2 utilization products to be (or become) commercially viable. It also provides the 
cumulative CO2 abatement possible under those cost and pricing assumptions. CO2 
abatement today, with no global consensus on CO2 pricing, is approximately 1.6 
GtCO2/year. The marginal abatement cost (MAC) estimate for many of the pathways 
analyzed are in the range of $200–$700/tCO2. For a product to reach market readiness 
the MAC after revenues and effective carbon price need to reach a breakeven point. 
When there is a negative MAC after revenues, the product is profitable (commercially 
viable).  

An effective carbon price of almost $350 USD/tCO2 is needed to reach the MAC of green 
hydrogen. Even at this very high carbon price, relative to the estimates of carbon market 

 
24 Columbia University CO2 recycling study 

25 EOR also has the advantage of allowing for permanent underground storage of as much as 95 percent of the CO2 
injected. 

26 “Meeting the Dual Challenge: A Roadmap to At-Scale Deployment of Carbon Capture, Use, and Storage: Volume I – 
Report Summary,” National Petroleum Council report, December 2019, 
https://dualchallenge.npc.org/files/CCUS_V1-FINAL.pdf, p. 17. 

27 Accessed May 4, 2021, https://www.gaffneycline.com/calculator/npc-scenarios-table. 

https://dualchallenge.npc.org/files/CCUS_V1-FINAL.pdf
https://www.gaffneycline.com/calculator/npc-scenarios-table
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prices of today, cumulative abatement would rise only slightly. Cumulative abatement 
rises quickly at a price of $425 USD/tCO2, up to 7.3 GtCO2/year. 

If subsidies were provided to produce reutilized carbon products, cumulative abatement 
would rise significantly. The volume of subsidies needed would be hundreds of billions 
of dollars per year, depending on the pathways chosen. (see Figure 3.1 and Figure 3.2 
below). For comparison, global fossil fuel subsidies in 2019 reached $318 billion USD. 

Figure 3.1: Cumulative Carbon Abatement Volumes at Carbon Market Prices 

 

Source: Columbia University 

 

Figure 3.2: Annual Subsidies Needed for Carbon Products for Commercial Viability 

 

Source: Columbia University 
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Revenues 

A CCUS project will have revenues if it is able to sell the new carbon-based products it 
makes with captured CO2.28 Revenues depend on the price of the product and the 
volume demanded. Markets for most CCUS products are still in their infancy. Even the 
market for greener construction materials through carbonation—the technology 
pathway with the highest technological readiness—serve a relatively niche market with 
limited demand and still face challenges (e.g., concerns about structural soundness of 
carbonated cement) in uptake. 

The only recycled CO2 products shown to be market ready and commercially viable at 
this time are concrete products, ethanol produced through biomass fermentation, as 
well as carbon monoxide (CO) produced by electrochemical CO2. It is worth noting that 
while these products are economically viable, the profit margin per unit is low. 
Production at scale is therefore relevant. 

Revenues for CCUS projects may also come from grants, subsidies, or other policy-driven 
measures such as the ability to sell carbon credits. As noted above, experts interviewed 
for this report felt, almost universally, that that policy support—for example, tax credits 
or grant funding—were essential to advances in CCUS for purposes other than EoR. 

  

 
28 Some CCUS applications—notably EOR—may not earn revenues from the CCUS process per se. In the case of EOR, 

the CO2 is used to offset costs in a company’s upstream oil and gas operations. 
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4 The Refining Industry in Asia 

The Asia-Pacific region is a global leader in the refining of crude oil into petrol, gasoline, 
diesel, and a number of other petrochemicals that are central to the global, modern 
economy. In 2018, the region produced 34.75 million b/d of refined products out of the 
roughly 100 million b/d of global production.29 That is the most of any region in the world, 
ahead of North America (22.33 million b/d) and Europe (15.68 million b/d). China was 
the largest contributor to the Asia-Pacific region’s refinery output, with a refining 
capacity of 15.66 million b/d in 2018. India is the region’s second largest producer of 
refined oil products. With a capacity of 4.97 million b/d, it accounted for roughly 5 
percent of global capacity in 2018.30 India is home to the Jamnagar Refinery, the largest 
oil refinery in the world with a processing capacity of 1.24 million b/d, accounting for 
roughly 25 percent of India’s processing capacity. The focus of this report will be on India 
as well as three other countries (Indonesia, Malaysia, and Vietnam) that represent 
industries of varying characteristics and capacities within the region. There are 45 
refineries in these four countries, led by India (23) and followed by Indonesia (8), 
Malaysia (8), and Vietnam (6). Most recent data indicate that refining capacity is broken 
down as follows: 4.998 million b/d in India, 1.316 million b/d in Indonesia, 839,500 b/d 
in Malaysia, and 330,000 b/d in Vietnam.31,32,33,34 

S&P Global reports that the economic shock to the oil and gas industry caused by the 
COVID-19 pandemic will affect the Asia-Pacific region in the near- and long-term. Oil 
demand collapsed by 8 million b/d in 2020, leading to closures and capacity reductions 
of a number of refining facilities in the Philippines and Oceania.35 S&P reports that up to 
950,000 million b/d of capacity (or nearly 3 percent of the region’s capacity) could be 
permanently removed, leaving more market share and export opportunities for 
dominant players in China, India, and South Korea. China’s regional share of crude oil 
distillation unit (CDU) capacity increased from 40 percent in 2010 to 29 percent in 2019 
and is expected to eclipse 50 percent by 2022.36 

 
29 “Top five countries in Asia-Pacific region for oil refining capacities,” NS Energy website, 1 January 2020, 

https://www.nsenergybusiness.com/features/countries-oil-refining-asia-pacific/. 

30 “Top five countries in Asia-Pacific region for oil refining capacities,” NS Energy website, 1 January 2020, 
https://www.nsenergybusiness.com/features/countries-oil-refining-asia-pacific/. 

31 “Map of Refineries in India,” Petroleum Planning & Analysis Cell (Ministry of Petroleum & Natural Gas), 5 January 
2019, http://ppac.org.in/WriteReadData/userfiles/file/RefineriesMap.pdf. 

32 Khanh Vu. “Vietnam’s Nghi Son refinery restarts after blackout,” Reuters, 17 February 2021, 
https://www.reuters.com/article/vietnam-refinery-outages/rpt-update-1-vietnams-nghi-son-refinery-restarts-
after-blackout-idUSL1N2KO09S. 

33 https://en.wikipedia.org/wiki/List_of_oil_refineries#Malaysia (adapted from 2020 Oil & Gas Journal report) 

34 https://en.wikipedia.org/wiki/List_of_oil_refineries#Indonesia (adapted from 2020 Oil & Gas Journal report) 

35 “Asia’s oil sector in 2021: China drives recovery, strengthens status as refining center,” S&P Global Platts blog post, 
24 December 2020, https://www.spglobal.com/platts/en/market-insights/blogs/oil/122420-asia-oil-sector-2021-
china-recovery-refining-transport-cars. 

36 “Asia’s oil sector in 2021: China drives recovery, strengthens status as refining center,” S&P Global Platts blog post, 
24 December 2020, https://www.spglobal.com/platts/en/market-insights/blogs/oil/122420-asia-oil-sector-2021-
china-recovery-refining-transport-cars. 

https://www.nsenergybusiness.com/features/countries-oil-refining-asia-pacific/
https://www.nsenergybusiness.com/features/countries-oil-refining-asia-pacific/
http://ppac.org.in/WriteReadData/userfiles/file/RefineriesMap.pdf
https://www.reuters.com/article/vietnam-refinery-outages/rpt-update-1-vietnams-nghi-son-refinery-restarts-after-blackout-idUSL1N2KO09S
https://www.reuters.com/article/vietnam-refinery-outages/rpt-update-1-vietnams-nghi-son-refinery-restarts-after-blackout-idUSL1N2KO09S
https://en.wikipedia.org/wiki/List_of_oil_refineries%23Malaysia
https://en.wikipedia.org/wiki/List_of_oil_refineries%23Indonesia
https://www.spglobal.com/platts/en/market-insights/blogs/oil/122420-asia-oil-sector-2021-china-recovery-refining-transport-cars
https://www.spglobal.com/platts/en/market-insights/blogs/oil/122420-asia-oil-sector-2021-china-recovery-refining-transport-cars
https://www.spglobal.com/platts/en/market-insights/blogs/oil/122420-asia-oil-sector-2021-china-recovery-refining-transport-cars
https://www.spglobal.com/platts/en/market-insights/blogs/oil/122420-asia-oil-sector-2021-china-recovery-refining-transport-cars
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4.1 Major Players 

The global refining industry is dominated by major oil companies with vertically 
integrated business models.37 Traditionally, large international oil companies (IOCs) have 
dominated global refining, as their crude oil processing capacity, access to markets, and 
ability to integrate refining with other operations, such as petrochemicals, gave them an 
edge over other players in the industry.38 However, over the past few decades, the 
industry has been changing with the entry of national oil companies (NOCs) in the 
refining game, and the emergence of a number of independent refiners. These 
independent refiners have become significant players in the United States and Europe, 
as well as parts of Asia, including China and India. Box 4.1 summarizes the different types 
of players in the global oil industry. 

Box 4.1: Taxonomy of Players in the Global Oil Industry 

The players in the global refining industry can now be broadly divided into three main 
categories:  

▪ International Oil Companies (IOCs). These companies are vertically integrated, operating 
in all sectors of the industry. Although they continue to be major players in global oil and 
refining, their relative standing has declined as the importance of state-owned companies 
has increased.39 IOCs can be further divided by market capitalization into three groups: (i) 
supermajors, such as ExxonMobil, Chevron, BP, Shell and Total; (ii) majors, such as Repsol; 
and (iii) mid-caps, such as Ophir, Tullow, Noble Energy and Premier Oil.40  

▪ National Oil Companies (NOCs). These companies are majority owned by a government. 
NOCs are now some of the most important players in the oil industry, thanks in part to 
their involvement in OPEC. The largest NOCs include Saudi Aramco, Kuwait Petroleum, 
Abu Dhabi National Oil Company (ADNOC), Petroleo Brasileiro (Petrobras), Nigerian 
National Petroleum Corporation (NNPC) and Statoil.41  

▪ Independent Refiners. These are much smaller companies, which specialize in refining, in 
contrast to their larger, vertically integrated IOC and NOC counterparts. These 
independent companies often work in joint ventures with IOCs and NOCs.42 

 

The relative importance of each of these group of players differs by region. In Asia, NOCs 
– rather than IOCs – are the main players in terms of refining capacity. In addition, the 
region also has a sizeable number of public-private partnerships and joint-ventures, as 
well as independent refiners.  

China tops the list of largest oil refiners in Asia, representing 15.6 percent of global 
refining as of 2018.43 The country’s crude processing capacity is expected to climb to 1 
billion tons a year, or 20 million barrels per day (b/d), by 2025. The three major Chinese 

 
37 Clews, R. (2016). Project finance for the international petroleum industry. London: Elsevier Academic Press, p. 125  
38 Clews, R. (2016). Project finance for the international petroleum industry. London: Elsevier Academic Press, p. 125 
39 Szczetnikowicz, S. & Dewar, J. (2018). Financing options in the oil and gas industry.  London: Milbank, Tweed, Hadley 

& McCloy LLP and Practical Law Finance, pp-3-4 
40 Szczetnikowicz, S. & Dewar, J. (2018). Financing options in the oil and gas industry.  London: Milbank, Tweed, Hadley 

& McCloy LLP and Practical Law Finance, pp-3-4 
41 Clews, R. (2016). Project finance for the international petroleum industry. London: Elsevier Academic Press, p. 94 
42  

43 NS Energy. (2020). Top five countries in Asia-Pacific region for oil refining capacities. Available at 
https://www.nsenergybusiness.com/features/countries-oil-refining-asia-pacific/  

https://www.nsenergybusiness.com/features/countries-oil-refining-asia-pacific/
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players are all NOCs, and include Sinopec, China’s largest refiner with a processing 
capacity of 248 million tons (4.96 million b/d);44 China National Petroleum Corporation 
(CNPC), with a primary crude processing capacity of over 160 million tons (3.2 million 
b/d),45 and China National Offshore Oil Corporation (CNOOC), with a processing capacity 
of 51 million tons (1.02 million b/d).46 China has also witnessed the emergence of 
important independent refiners, including  Zhejiang Chemical, China Risun Group Ltd and 
Shenghong Petrochemical. These private independent refiners are expected to 
contribute the majority of the additional refining capacity to come online in the country 
in the next five years.47 By 2025, these independent private refiners will account for 37 
percent of China’s total refinery capacity, overtaking both Sinopec and CNPC.48 

India is the second largest oil refiner in Asia, accounting for 5 percent of the world’s oil 
refining capacity. The country is expected to increase its processing capability by more 
than 50 percent to 8 million b/d by 2025, including a new 1.2 million b/d mega project.49 
Major Indian oil refining companies include NOCs like Indian Oil Corporation Limited 
(IOCL), with a refining capacity of 1.4 million b/d, Bharat Petroleum Corporation Limited 
(BPCL), with a capacity of 550,000 b/d, and Hindustan Petroleum Corporation Limited 
(HPCL), with a capacity of 360,000 b/d. Indian refining also counts with the presence of 
important private companies, like Reliance Industries, which has a refining capacity of 
1.36 million b/d, and Nayara Energy Limited, with a capacity of 400,000 b/d. Reliance 
also owns the Jamnagar Refinery, the world’s largest oil refinery in terms of capacity.50 
Finally, India also has many joint-ventures (PPPs) in the refining sector, including ONGC-
Mangalore Refineries & Petrochemicals Limited (MRPL), with a capacity of 300,000 b/d; 
HPCL-Hindustan Mittal Energy Limited (HMEL), with a capacity of 226,000 b/d; and BPCL-
Bharat Oman Refineries Limited (BORL), with a capacity of 156,000 b/d.  

Other major refiners in the region include Pertamina, an Indonesian NOC with a refining 
capacity 1.27 million b/d; the Pengerang Integrated Complex (PIC), a refinery owned by 
a joint-venture between Petronas and Saudi Aramco in Malaysia, with a capacity for 
300,000 b/d; and the Nghi Son Refinery in Vietnam, a joint-venture between Idemitsu 
Kosa, Kuwait Petroleum, PetroVietnam, and Mitsui Chemicals Inc, boasting a refining 
capacity of 200,000 b/d. Appendix B provides additional information on the oil and gas 
sectors, and refining in select DMCs (India, Indonesia, Vietnam and Malaysia). Table 4.1 
lists refineries in those DMCs and indicates their production capacity and nature of 
ownership. 

 
44 Offshore Technology. (2020). Largest refining companies in the world. Available at https://www.offshore-

technology.com/features/largest-refining-companies-in-the-world/  
45 China National Petroleum Corporation. (n.d.). Our Business:  Refining & Chemicals. Available at 

https://www.cnpc.com.cn/en/refiningchemicals/common_index.shtml  
46 XinhuaNet. (2017). CNOOC project expands oil refinery capacity. Available at 

http://www.xinhuanet.com//english/2017-10/02/c_136655282.htm 
47 Zheng, X. (2020). Report: China to emerge as the world's biggest fuel refiner. China Daily. Available at 

https://www.chinadaily.com.cn/a/202012/22/WS5fe14a9aa31024ad0ba9d438.html 
48 Zheng, X. (2020). Report: China to emerge as the world's biggest fuel refiner. China Daily. Available at 

https://www.chinadaily.com.cn/a/202012/22/WS5fe14a9aa31024ad0ba9d438.html 
49 https://www.worldoil.com/news/2020/11/20/china-to-surpass-us-as-world-s-largest-oil-refiner-in-2021  
50 NS Energy. (2020). Top five countries in Asia-Pacific region for oil refining capacities. Available at 

https://www.nsenergybusiness.com/features/countries-oil-refining-asia-pacific/ 

https://www.offshore-technology.com/features/largest-refining-companies-in-the-world/
https://www.offshore-technology.com/features/largest-refining-companies-in-the-world/
https://www.cnpc.com.cn/en/refiningchemicals/common_index.shtml
http://www.xinhuanet.com/english/2017-10/02/c_136655282.htm
https://www.chinadaily.com.cn/a/202012/22/WS5fe14a9aa31024ad0ba9d438.html
https://www.chinadaily.com.cn/a/202012/22/WS5fe14a9aa31024ad0ba9d438.html
https://www.worldoil.com/news/2020/11/20/china-to-surpass-us-as-world-s-largest-oil-refiner-in-2021
https://www.nsenergybusiness.com/features/countries-oil-refining-asia-pacific/
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Table 4.1: Refineries in Select DMCs 

Country 
Refinery 

Location 
Company Private/Public? 

Capacity 

(barrels per 

day) 

India Barauni Indian Oil Corporation Limited (IOCL) Public (Govt) 120,000 

India Koyali/Gujarat Indian Oil Corporation Limited (IOCL) Public (Govt) 274,000 

India Haldia Indian Oil Corporation Limited (IOCL) Public (Govt) 160,000 

India Mathura Indian Oil Corporation Limited (IOCL) Public (Govt) 160,000 

India Panipat Indian Oil Corporation Limited (IOCL) Public (Govt) 300,000 

India Guwahati Indian Oil Corporation Limited (IOCL) Public (Govt) 20,000 

India Digboi Indian Oil Corporation Limited (IOCL) Public (Govt) 13,000 

India Bongaigaon Indian Oil Corporation Limited (IOCL) Public (Govt) 47,000 

India Paradip Indian Oil Corporation Limited (IOCL) Public (Govt) 300,000 

India Mumbai Hindustan Petroleum Corporation Limited (HPCL) Public (Govt) 150,000 

India Visakh Hindustan Petroleum Corporation Limited (HPCL) Public (Govt) 166,000 

India Bathinda HPCL-Hindustan Mittal Energy Limited (HMEL) Joint Venture (PPP) 226,000 

India Mumbai Bharat Petroleum Corporation Limited (BPCL) Public (Govt) 240,000 

India Kochi Bharat Petroleum Corporation Limited (BPCL) Public (Govt) 310,000 

India Bina BPCL-Bharat Oman Refineries Limited (BORL)  Joint Venture (PPP) 156,000 

India Manali Chennai Petroleum Corporation Limited (CPCL) Public (Govt) 210,000 

India Cauvery Basin Chennai Petroleum Corporation Limited (CPCL) Public (Govt) 20,000 

India Numaligarh Numaligarh Refineries Limited (NRL) Public (Govt) 60,000 

India Tatipaka Oil & Natural Gas Corporation Limited (ONGC) Public (Govt) 2,000 

India Mangalore ONGC-Mangalore Refineries & Petrochemicals Limited (MRPL) Joint Venture (PPP) 300,000 
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Country 
Refinery 

Location 
Company Private/Public? 

Capacity 

(barrels per 

day) 

India 
Jamnagar 
(domestic tariff 
area) 

Reliance Industries Limited (RIL) Private 660,000 

India 
Jamnagar (special 
economic zone) 

Reliance Industries Limited (RIL) Private 704,000 

India Vadinar Nayara Energy Limited Private 400,000 

Indonesia Plaju Pertamina Public (Govt) 145,000 

Indonesia Balongan Pertamina Public (Govt) 125,000 

Indonesia Dumai Pertamina Public (Govt) 127,000 

Indonesia Cilacap Pertamina Public (Govt) 548,000 

Indonesia Balikpapan Pertamina Public (Govt) 266,000 

Indonesia Sei Pakning Pertamina Public (Govt) 50,000 

Indonesia Cepu Pusdiklat Migas Cepu Public (Govt) 45,000 

Indonesia Kasim Pertamina Public (Govt) 10,000 

Malaysia Melaka I Petronas Public (Govt) 16,000 

Malaysia Melaka II Petronas/Phillips 66 Joint Venture (PPP) 170,000 

Malaysia Kertih Refinery Petronas Public (Govt) 40,000 

Malaysia 
Hengyuan Port 
Dickson Refinery 

Hengyuan Refining Company Private 156,000 

Malaysia 
Petron Port 
Dickson Refinery 

Petron/San Miguel (Philippines) Private 88,000 

Malaysia 
Kemaman 
Bitumen Refinery 

TIPCO Asphalt Private 30,000 
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Country 
Refinery 

Location 
Company Private/Public? 

Capacity 

(barrels per 

day) 

Malaysia 

Pengerang 
Integrated 
Complex (PIC) 
(RAPID Project) 

Petronas and Saudi Aramco (50-50) Joint Venture (Public) 300,000 

Malaysia Tanjung Bin Vitol Private 39,500 

Vietnam Nghi Son Refinery 
Idemitsu Kosan Co (Japan, 35.1 percent); Kuwait Petroleum, (35.1 
percent); PetroVietnam (25.1 percent); Mitsui Chemicals Inc. (4.7 
percent) 

Joint Venture (PPP) 200,000 

Vietnam 
Dung Quat 
Refinery  

PVN - Binh Son Refining and Petrochemical Joint Stock Company 
(BSR) 

Public (Govt) 130,000 

Vietnam 
Phu My Fertilizer 
Plant PVN 

Public (Govt) 
N/A 

Vietnam 
Ca Mau Fertilizer 
Plant PVN 

Public (Govt) 
N/A 

Vietnam 
Phu My 
Condensate 
Processing Plant PVN 

Public (Govt) 
N/A 

Vietnam 
DOP Plant in 
Dong Nai 
province 

LG-VINA Chemical Joint Venture Company (Petrovietnam15%, 
Vinachem 35%, LG 50%) 

Joint Venture (PPP) 
N/A 
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4.2 Status of CCUS in Select DMCs 

Deployment of CCS/CCUS is expected to significantly help the decarbonization of the Asia 
Pacific region which relies on hydrocarbon fuels (oil, coal and gas) for more than 70 per 
cent of its energy. Governments in most countries have supported the implementation 
of pilot and demonstration projects. The 10 operational, commercial scale projects in the 
region are focused on the use of captured carbon for EOI/EGR and, in some cases, 
storage. There are a range of CCUS pilot projects underway, however, in natural gas 
processing, fertilizers, hydrogen production, waste to energy, iron/steel, coal to 
chemical, and cement industries51. Furthermore, a recent report published by the Nova 
Institute and Unilever in April 2021 estimates that demand for fossil-derived chemicals 
will more than double by 2050. To decarbonize consumer products, carbon production 
and utilization will need to increase by a factor of 15 by 205052. 

The perceptions and acceptance of CCUS amongst ASEAN Member States and countries 
in East Asia countries are diverse. Some countries are already actively funding and 
promoting CCUS projects, from basic research projects to large-scale testing sites. Other 
countries are still observing the concept of CCUS and the related technology with 
caution, although most agree that CCUS can play a vital role in climate change 
mitigation53. 

In 2020, a Mitsubishi-led industry consortium was selected54 by Japan’s New Energy and 
Industrial Technology Development Organization (NEDO) to conduct research on 
recycling CO2 from the Tomakomai City, Hokkaido refinery. This industry consortium will 
investigate the production of methanol (20 tonnes per day) from captured CO2. 
Hydrogen is expected to be sourced from refineries or from water electrolysis within the 
existing Tomakomai CCS facilities. The integration of CCUS facilities is expected to bring 
a benefit of sharing a carbon capture unit and enhancing the interoperability of both 
facilities. The research was expected to be completed by February 202155, but has likely 
experienced COVID-related delays. 

 
51 Global CCS Institute. Global Status of CCS Report 2020. November 2020. 

52 https://www.carboncapturejournal.com/news/unilever-lanzatech-and-india-glycols-launch-laundry-capsule-made-
from-carbon-emissions/4597.aspx?Category=all 

53 Economic Research Institute for ASEAN and East Asia (ERIA). ERIA Research Project Report 2020, No. 21. “Study on 
the Potential for Promotion of CCUS in ASEAN Countries. Current Situation and Future Perspectives.” March 2021. 
https://www.eria.org/uploads/media/Research-Project-Report/RPR-2020-21/Study-on-the-Potential-for-the-
Promotion-of-Carbon-Dioxide_rev.pdf  

54 The consortium is comprised of Mitsubishi Hitachi Power Systems (MHPS), Mitsubishi Heavy Industries Engineering 
(MHIENG) and Mitsubishi Gas Chemical Company (MGC) (www.carboncapturejournal.com) 

55 https://www.carboncapturejournal.com/news/mitsubishi-selected-to-conduct-research-on-effective-recycling-of-
co2-to-produce-methanol/4326.aspx?Category=all 
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Figure 4.1: Tomakomai Refinery CCUS Demonstration Project Structure 

 
Source: Carbon Capture Journal, 6 April 2020 

 
Indonesia’s National Action Plan on Climate Change (Presidential Decree No. 61 in 2011) 
recognized that CCS could contribute up to 40% of the energy sector’s target 
reductions56. The Indonesia Center of Excellence for CCS and CCCUS57 was created by the 
Ministry of Energy and Mineral Resources in 2017 to promote the development of 
CCS/CCUS technologies, related knowledge dissemination and capacity building, and to 
act as a funding facilitator. CCUS projects have thus focused on carbon reutilization for 
EOR and EGR in its oil and gas fields, and the identification of other underground storage 
reservoirs. The challenge is to now integrate utilization applications to the body of 
research and technology development. The Center has helped to prepare an update to 
the 2011 legislation through draft presidential regulation on carbon capture and 
sequestration, presented to the Government in March 201958. Malaysia, through 
PETRONAS, has also focused CCUS projects on gas recovery and long-term CO2 storage. 

 
56 Indonesia Center of Excellence for CCS and CCCUS https://ccs-coe.fttm.itb.ac.id/ 

57 The Center is also known as ITB Center of Excellence for CCS and CCUS which is supported by PUI PT (University 
Center of Excellences Program) from Kemenristekdikti (Ministry of Research, Technology and Higher Education). 
The ADB also support the Center. 

58  Prof. Wawan Gunawan A. Kadir. “Indonesian CoEof CCS/CCUS: Past, present and future activities”. Presentation at 
The 2nd Indonesia-Japan CCUS Symposium. 11 February 2020 https://ccs-coe.fttm.itb.ac.id/presentation/ 
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The CCUS project (or research) financing trend in all of these countries is through public 

grant funding, either directly to public companies, private firms, or research institutions. 
It is not clear how much private finance is being utilized through industry partnerships at 
this point. It is not known, for example, how much of the cost the Tomakomai refinery 
feasibility study is being borne by the Mitsubishi companies versus the Government 
through NEDO.   

The individual actions of each country and the early collaborations are positive signals 
toward the growth technology transfer and co-financing for commercial scale CCUS. For 
example, in its Long-Term Low-Emissions Development Strategy (LEDS) (April 2020), 
Singapore has confirmed the strategic role of CCUS for long term decarbonization and 
has also signed an MOU with Australia for collaboration on the development of low 
carbon emissions solutions, including CCS59. 

On a wider scale, Japan has emerged as a regional leader in collaboration for clean 
energy, project finance, capacity development and technology transfer. The country’s 
decision to become carbon neutral by 2050 is driving its use of renewables and hydrogen, 
as well as accelerating the research and development of key technologies, including 
CCUS. Its support enables larger scale demonstration and pilot projects in countries such 
as Indonesia, Malaysia, and others in the region60. The establishment of a regional hub, 
in Southeast Asia would also help to promote collaboration among countries to benefit 
from the already low-cost early mover opportunities for large-scale CCS projects, as well 
as achieve economies of scale in CCUS applications for further cost reductions61. 

In the Indian public sector, capacity development and stakeholder engagement have 
been key themes. Technical assistance projects are funded by development banks and 
international clean energy initiatives to build an understanding of CCS and its role in 
decarbonization. India’s Department of Science and Technology has joined the global 
Accelerating CCS Technologies (ACT) initiative62 and committed approximately $1.2 
Million USD to support Indian participants and projects. Selected projects are required 
to have partners from at least three ACT countries and are scheduled to start in 
September 202163. 

The support of industry finance in India is particularly strong. The country’s oil/gas, steel, 
and cement sectors are now proactively pursuing CCS as part of their emissions reduction 
ambitions. The “Industry Charter” agreed by six Indian companies in 2020 commits the 

 
59 GCCSI 2020 

60 GCCSI 2020 

61 Global CCS Institute. Global Status of CCS Report 2020. November 2020. 

62 ACT is an international initiative to facilitate RD&D and innovation within CO2 capture, transport, utilization and 
storage (CCUS). It began in 2016 with only European members and has now expanded to 16 countries worldwide. 
ACT is an ERA NET Cofund, which is a tool established by the European Commission under the Horizon 2020 
programme for research and innovation. The idea behind ERA NET Cofunds is that European countries should join 
forces when it comes to funding RD&D and innovation on subjects of high European interest. ACT is one of many 
ERA NET Cofunds, but ACT is the only ERA NET Cofund addressing CCS. The ACT members are funding agencies from: 
The Alberta province in Canada, Denmark, France, Germany, Greece, India, Italy, the Netherlands, Norway, the 
Nordic Region, Romania, Spain, Switzerland, Turkey, UK, and the USA. The Research Council of Norway (RCN) is 
coordinating ACT. http://www.act-ccs.eu/about-us 

63 GCCSI 2020. 

https://ec.europa.eu/programmes/horizon2020/
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firms to explore different decarbonization measures including carbon sequestration in 
the coming years. (see the India summary in Appendix B).  

Separately, Reliance Industries Limited (RIL), owners of the country’s largest refineries, 
has announced a plan to develop CCS technology as part of its net-zero commitment64.  
RIL’s oil refining and marketing business accounted for over $51 billion USD in revenues 
in FY 2019-2020, while the petrochemical segment added another $26 billion USD in the 
same period. Part of its revenue success is due to petrochemical integration, and 
consistently achieving a premium over Singapore per barrel benchmarks for similarly 
complex refineries (US$ 5.7/bbl in 2019-2020). This enabled RIL to make capital 
investments of $10.2 billion USD on projects in refining, petrochemicals, digital services, 
and retail businesses65.  

Figure 4.2: Reliance Industries Refinery Products 

 

Source: RIL Annual Report 2020 

 
For several years, the company has invested in advanced technology research and 
development in both of these industries. Some of these initiatives include the following: 

1) CO2 capturing piloted from refinery and power plant flue gas  

2) Algae-to-Oil (A2O) plant to create renewable bio-crude  
3) RCAT-HTL technology to convert any organic waste into renewable crude  
4) Circular economy  

a) R|Elan products and circular design challenge  
b) ReRoute converting plastic waste to road  
c) Large PET recycling capacities  

 
64 GCCSI 2020 

65 RIL Annual Report 2020 
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d) Recycling waste polyester and PET to create high-value fabric, chemicals and 
products  

 

As a result of some of these initiatives, Reliance was awarded for exceptional 
presentation in UNIPOL PE Global Technology Conference 2019 (USA), and the DTA 
refinery was awarded ‘India Manufacturing Excellence Award 2019’ in High Platinum 
Category & Future Ready Factory Award by Frost and Sullivan.  RIL has received awards 
for R&D work, including the Golden Peacock (innovative product), FICCI (innovative 
process) and Centre for High Technology, Government of India Best R&D Development. 

Reliance has developed the following products and processes as a part of its innovative 
Oil-to-Chemicals (O2C) segment66: 

▪ Direct conversion of CO2 to Dimethyl Carbonate (DMC) – for CO2 

monetization. A mixed oxide stable catalyst to directly convert methanol and 
CO2 to a high value Dimethyl carbonate (DMC) product used as solvent and 
specialty chemical. DMC could also be blended in transportation fuels as an 
oxygenate additive instead of ethanol or methanol. RIL has achieved 
substantial improvement in DMC yield and methanol conversion. The process 
and the catalyst have successfully been scaled up to a pilot stage with 
continuous operation.  

▪ Process for CO2 capturing from refinery and power plant flue gas. A pilot 
scale a sorbent based circulating fluidized bed process for concentrating CO2 
from dilute refinery and power plant flue gases. The estimated cost of CO2 
capture is less than 18 US$/ tonne as compared to 35 US$/ tonne for amine-
based process. 

▪ Multizone Catalytic Cracking (MCC). For transforming fuel refinery to high 
value petrochemicals which converts a wide range of distressed hydrocarbon 
feedstock, and or neat crude to high value propylene, ethylene and BTX 
(Benzene, Toluene and Xylene) without producing any fuels. A 5 KBPSD MCC 
demonstration plant design is in progress.  

▪ Low Cost Anti-Coking and Sulfiding Additive – import substitution of 

specialty additive. RIL has developed and started commercial production of 
low-cost anticoking and sulfiding additive (Di-sulfide oil- DSO) from refinery 
waste stream. A cost-effective alternative to imported commercial additive Di-
methyl Di-sulphide (DMDS) for steam cracker and hydro-processing 
applications, being used at the off-gas cracker (ROGC) unit of RIL Jamnagar 
manufacturing complex. The application is being extended to RIL’s hydro-
processing units. Several external companies have shown interest in RIL’s 
product and it is exploring licensing opportunity for Indian refineries and 
petrochemical cracker units 

International, big-oil interest in such investment was made clear by Saudi Aramco’s 
signature of a non-binding letter of intent (LoI) to acquire a 20% stake Reliance’s O2C 

 
66 RIL Annual Report 2020 
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business for $75bn in August 201967. The deal was scheduled to conclude in March of 
2020, however, as of April 2020, negotiations was on-going68. 

A notable example of regional corporate collaboration for CCUS in Asia Pacific is the 
recently announced partnership of Unilever with LanzaTech (China) and India Glycols 
(India) to produce a laundry detergent capsule made from captured carbon instead of 
other surfactants. This partnership relies on biotechnologies and a newly configured 
supply chain between the three partners’ operations in China, in the following roles:  

▪ Capture: LanzaTech uses biotechnology to capture waste CO2 emissions at its 
Beijing Shougang LanzaTech plant and converts the CO2 to ethanol. 

▪ Conversion: India Glycols Ltd converts the ethanol into ethylene oxide, a key 
feedstock to the alternative surfactant. 

▪ Formulation: Unilever uses the surfactant to produce the laundry capsules, 
manufactured at its Hefei factory. 

The capsule product was launched in China on April 22. 2021, World Earth Day, at no 
additional price margin to similar, surfactant-based products. This partnership is one of 
several innovations Unilever is investing in as part of its 2020 Clean Future strategy, in 
which the company seeks to eliminate fossil-fuel based chemicals from its cleaning and 
laundry product formulations by 203069. 

With the growth of appropriate policy incentives, private equity finance is also growing 
in the field, marked recently by the rebranding of JOG Equity, a private equity firm with 
a 14-year history of managing $1.3+ billion in energy investments, as Carbon 
Infrastructure Partners (CIP).  CIP is banking on its differentiation and added value lies in 
its network in the industry and the skillset required to transform the global carbon-based 
energy system, by virtue of their experience and expertise as veteran oil and gas industry 
professionals70. The company is currently focused on investment in the US and Canada71, 
however, provides a model for other firms around the world. 

  

 
67 https://www.hydrocarbons-technology.com/news/saudi-aramco-acquire-reliances-o2c/ 
68 https://www.livemint.com/companies/news/reliance-saudi-aramco-discuss-cash-and-share-stake-deal-report-

11619622049832.html  
69 https://www.carboncapturejournal.com/news/unilever-lanzatech-and-india-glycols-launch-laundry-capsule-made-

from-carbon-emissions/4597.aspx?Category=all 
70 https://www.carboncapturejournal.com/news/leading-oil--gas-investment-firm-embraces-

ccs/4605.aspx?Category=all 
71 https://carboninfrastructurepartners.com/carbon-capture-storage/ 

https://www.hydrocarbons-technology.com/news/saudi-aramco-acquire-reliances-o2c/
https://www.livemint.com/companies/news/reliance-saudi-aramco-discuss-cash-and-share-stake-deal-report-11619622049832.html
https://www.livemint.com/companies/news/reliance-saudi-aramco-discuss-cash-and-share-stake-deal-report-11619622049832.html
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5 Financing Structures and Sources 

The oil and gas industry is notoriously capital intensive across its value chain. Upstream 
activities—like developing oil and gas reserves—require significant sums of money for 
initial drilling. Billions in additional capital are also often required simply to maintain 
existing production levels of a depleting resource after the initial drilling.72 Midstream 
and downstream sectors—like refining and petrochemicals—also require high levels 
capital investment. Financing these activities, however, does have some advantages 
compared to the financing of upstream oil and gas exploration: for one, assets depreciate 
over much longer timescales (40 to 50 years in some cases).73 In addition, costs are much 
more predictable.  

Because of these differences across the industry value chain, financing structures vary 
widely in the oil & gas sector. Upstream oil and gas projects are commonly based on joint 
venture arrangements whereby the holders of the rights to the mineral resource work 
together on an unincorporated basis. In contrast to an incorporated joint venture, no 
separate entity is established to manage the joint venture.74 By adopting this approach, 
parties are generally free to agree whatever contract terms they want, making it a highly 
flexible arrangement.75 

The types of financing described below are general financing trends observed across the 
board. Examples of these with respect to CCUS, as refinery investments, are provided in 
Section 4.2. 

5.1 Refining Project Structures 

Refinery financing differs from financing across other parts of the oil and gas value chain 
in meaningful ways. Although many recent refinery projects have been developed as 
joint ventures, unincorporated joint venture structures—common in upstream projects 
—are rare.76 Instead, joint ventures in the refining sector tend to follow a formal 
incorporation process, where a new, single purpose, incorporated project company that 
is legally and financially distinct from the project sponsors, is established.  

It is not always possible, however, to structure a refinery project financing on the basis 
of a single purpose incorporated company. Given the high levels of vertical integration 
of many of the major oil refiners around world, refinery activities are often located within 
wider group structures, which could include upstream, distribution, marketing, utility 
supply, petrochemicals, and natural gas activities in addition to refining.77 Furthermore, 
refinery projects often involve existing operations or infrastructure. As a result, many 
refining project loans are made by commercial banks to an existing entity, which has 
historical cashflows. Much refinery investment—and this is confirmed by experts 
interviewed for this report—is therefore financed from an oil producer’s own balance 
sheet (on a so called “corporate finance” basis or with “balance sheet financing”), instead 
of on a project finance basis. There are also “hybrid” structures in which a mix of balance 

 
72 Clews, R. (2016). Project finance for the international petroleum industry. London: Elsevier Academic Press, p. 98 
73 Clews, R. (2016). Project finance for the international petroleum industry. London: Elsevier Academic Press, p. 98 
74 Clews, R. (2016). Project finance for the international petroleum industry. London: Elsevier Academic Press, p. 114 
75 Clews, R. (2016). Project finance for the international petroleum industry. London: Elsevier Academic Press, p. 114 
76 Clews, R. (2016). Project finance for the international petroleum industry. London: Elsevier Academic Press, p. 130 
77 Clews, R. (2016). Project finance for the international petroleum industry. London: Elsevier Academic Press, p. 130 
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sheet and project financing is used but these structures tend to rely more heavily on 
balance sheet financing and can be quite complex78 

Additional complexities emerge in the case of merchant refiners. Refining companies 
which lack upstream integration and buy and sell on a short-term basis. Lenders will 
usually require higher levels of cashflow certainty to finance these merchant projects. 
However, the very nature of these companies—often operating on a short-term basis—
leaves them vulnerable to short-term price fluctuations and reduces their bankability. In 
order to address these challenges, merchant refiners may decide to enter toll-processing 
agreements, whereby they agree to process raw materials into final products on behalf 
of a third party in exchange for a fixed tolling fee. In essence, these arrangements result 
in the refining company (“toller”) leasing its facility to a third party. Because tolling 
agreements remove price and volume risk from the plant operator, project cashflows 
become more predictable and stable, which in turn increases the project’s bankability. 

Whereas detailed information on merchant refiners’ financing modalities are not 
publicly available, one professional interviewed for this study described the situation in 
Singapore, which has only merchant refiners and no integrated upstream operations. 
Singapore’s major merchant refiners typically use balance sheet financing—usually an 
equity injection from the Singapore’s sovereign wealth fund, TEMASEK—to finance new 
investments. Another contractual arrangement used by merchant plants in order to 
increase their debt capacity is the subordination of feedstock supply payments to project 
economics – that is, an agreement that lenders will enjoy preference of payment over 
suppliers in case the refiner experiences cashflow issues. Although theoretically 
attractive for lenders, subordination of feedstock supply payments is not a widely used 
arrangement, as many lenders question the willingness of a supplier to continue 
supplying over extended periods without payment.79 

Despite all of these challenges, it is important to note that merchant plants are still able 
to secure financing, albeit at lower levels than their counterparts: while a process plant 
with long-term tolling structures is able to finance as much as 70 to 80% of project costs, 
and integrated refinery projects are able to secure 60 to 70% project financing, merchant 
plants are often limited to 50 to 60% financing, due to the greater levels of cashflow 
uncertainly involved in these projects.80 

5.2 Equity Financing 

Regardless of the financing structure adopted, any refining project will require an equity 
financing component. Although oil and gas projects are normally highly leveraged, with 
debt being the most important funding source,81 equity investments are crucial in order 
to both demonstrate sponsor commitment to the project and to act as a financial buffer 
in the event that cashflows are lower than forecast. There sources of equity available to 
refinery projects, are discussed in detail below.  

Equity from Project Sponsors (Shareholder Funding). The majority of equity used in 
project finance comes from project sponsors (shareholders), as they are the primary 
beneficiaries of these projects, as well as the main parties responsible for managing 

 
78 Clews, R. (2016). Project finance for the international petroleum industry. London: Elsevier Academic Press, p. 130 
79 Clews, R. (2016). Project finance for the international petroleum industry. London: Elsevier Academic Press, p. 357 
80 Clews, R. (2016). Project finance for the international petroleum industry. London: Elsevier Academic Press, p. 314 
81 Clews, R. (2016). Project finance for the international petroleum industry. London: Elsevier Academic Press, p. 43 
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project risks.82 Project sponsors typically fund their equity either by subscribing for 
project company share capital or making subordinated loans to the project company.83 It 
is not uncommon for lenders to also require project sponsors to ensure the maintenance 
of a certain gearing ratio84 under the terms of a project financing. In order to maintain 
this gearing ratio, project sponsors may be required to provide additional equity funding 
to the refining project over time.85  

Vendor (Supplier) Financing. Another form of financing that may be used in refinery 
projects is vendor financing, where a supplier – usually one providing heavy equipment 
or high-end technology to a refinery, like Mitsubishi – creates a payment plan for the 
buyer. This payment plan allows a refiner to pay for expensive capital investments in 
installments, in exchange for the payment of a certain interest rate to the vendor. 
Another potential form of vendor financing, more commonly seen in upstream oil and 
gas projects, is one where a supplier – often one providing field services, like Baker 
Hughes or Schlumberger – will provide its services in exchange for a share of production, 
similar to a production sharing agreement.86 As opposed to equity from project sponsors, 
however, under this type of arrangement a supplier will be given its agreed share of 
production regardless of the profitability and commercial performance of the refining 
project.  

Public Markets. Most oil and gas projects have traditionally been privately financed by 
project sponsors, but there is an emerging trend of NOCs (including Saudi Aramco) going 
public via initial public offering (IPO). This allows companies to raise funds that can in 
turn be used to finance any project, including new refineries. Furthermore, certain large-
scale downstream projects may be required by local law or government policy to make 
public share offerings.87 An example of this legal requirement for public offering is the 
Sadara Petrochemicals Project in Saudi Arabia, which set 30% of the equity to be sold 
down to Saudi public investors.88 

Private Equity and Institutional Investors. In addition to the project sponsors, there may 
be other private investors—such as private equity funds and institutional investors—
with an interest in financing a refinery project. As opposed to project sponsors, however, 
these investors tend to hold no strategic interest in the project, focusing instead 
primarily on the potential financial returns. Although institutional investors play an 
important role in certain types of project finance, they are less prominent in the financing 
of oil and gas projects, as the risk profile of these projects are often too high for many 
intuitions.89 Nonetheless, institutional investment does exist in the sector, and it is 

 
82 Clews, R. (2016). Project finance for the international petroleum industry. London: Elsevier Academic Press, p. 44 
83 Clews, R. (2016). Project finance for the international petroleum industry. London: Elsevier Academic Press, p. 44 
84 Gearing ratio is a measure of financial leverage that demonstrates the degree to which a firm's operations are 

funded by equity capital versus debt financing.  
85 Szczetnikowicz, S. & Dewar, J. (2018). Financing options in the oil and gas industry.  London: Milbank, Tweed, Hadley 

& McCloy LLP and Practical Law Finance, p. 25 
86 Norton Rose Fullbright. (2003). Financing Upstream Oil and Gas Projects in the CIS. Norton Rose Fullbright. Available 

at https://www.projectfinance.law/publications/2003/december/financing-upstream-oil-and-gas-projects-in-the-
cis/  

87 Szczetnikowicz, S. & Dewar, J. (2018). Financing options in the oil and gas industry.  London: Milbank, Tweed, Hadley 
& McCloy LLP and Practical Law Finance, p. 26 

88 IJGlobal. (2013). Deal Analysis: Sadara. IJGlobal. Available at https://ijglobal.com/articles/125791/deal-analysis-
sadara 

89 Clews, R. (2016). Project finance for the international petroleum industry. London: Elsevier Academic Press, p. 48 

https://www.projectfinance.law/publications/2003/december/financing-upstream-oil-and-gas-projects-in-the-cis/
https://www.projectfinance.law/publications/2003/december/financing-upstream-oil-and-gas-projects-in-the-cis/
https://ijglobal.com/articles/125791/deal-analysis-sadara
https://ijglobal.com/articles/125791/deal-analysis-sadara
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complemented by the financing provided by private equity. Private equity investment, 
in turn, focuses primarily on financing downstream projects – including refineries – and 
other assets already in operation.90 Examples of private equity investments in the refining 
business include the acquisition of the Limetree Bay Refinery on St. Croix in the U.S. 
Virgin Islands by Arclight Capital Partners LLC in 2016,91 and the creation of a US$1 billion 
joint-fund for the acquisition of U.S.-based refineries by Petroplus (one of the largest 
independent refiners and wholesalers of petroleum products in Europe), Blackstone 
Group (a global alternative asset manager and private equity fund), and First Reserve (a 
private equity firm specializing in the energy industry).92  

5.3 Debt Financing 

As explained in section 5.2, oil and gas projects are highly leveraged, with debt being the 
most prominent source of financing in the industry. Refining projects have access to a 
range of sources of debt financing, including commercial banks, export credit agencies 
(ECAs), development finance institutions (DFIs), among others. These sources are 
discussed in detail below.  

International Commercial Banks. International commercial banks have traditionally 
been the most prominent lenders to oil and gas projects. Commercial banks usually form 
syndicates to make loans to projects. As a result, most projects raise debt through the 
international syndicated loans market.93 Refineries will typically have access to corporate 
loan facilities once the project is fully operational and has the proven financial track-
record required by most commercial banks.94 Despite their traditional dominance, 
commercial banks have seen their importance in oil and gas financing diminish as a result 
of new financing constraints caused by Basel III, which have resulted in shorter tenors 
and higher pricing to reflect higher capital and regulatory costs.95 In addition, across the 
banking sector, there is lower appetite for longer maturities, which have pushed 
borrowers to seek alternative funding sources for their projects.  

Export Credit Agencies (ECAs). ECAs have historically been an important source of 
project finance debt, particularly for oil and gas projects. ECAs are governmental 
organizations that offer trade finance and other services to facilitate domestic 
companies' international exports. ECAs support exporters through a variety of financing 
schemes and are typically involved in project finance through credit insurance or 
guarantee structures.96 ECAs are able to lend to projects in countries with higher political 
and commercial risks, including countries deemed too risky by most commercial banks. 
In fact, their involvement may help mitigate political risk exposure from a commercial 

 
90 Szczetnikowicz, S. & Dewar, J. (2018). Financing options in the oil and gas industry.  London: Milbank, Tweed, Hadley 

& McCloy LLP and Practical Law Finance, pp. 26-27 
91  PRNewswire. (2016). ArcLight Capital Partners and Freepoint Commodities Close Acquisition of St. Croix Refinery 

Assets from HOVENSA. PRNewswire. Available at https://www.prnewswire.com/news-releases/arclight-capital-
partners-and-freepoint-commodities-close-acquisition-of-st-croix-refinery-assets-from-hovensa-300201346.html 

92 Izundu, U. (2008). Petroplus group forms US refinery investment firm. Oil & Gas Journal. Available at 
https://www.ogj.com/general-interest/article/17270202/petroplus-group-forms-us-refinery-investment-firm 

93 Clews, R. (2016). Project finance for the international petroleum industry. London: Elsevier Academic Press, p. 48 
94 Szczetnikowicz, S. & Dewar, J. (2018). Financing options in the oil and gas industry.  London: Milbank, Tweed, Hadley 

& McCloy LLP and Practical Law Finance, p. 27 
95 Szczetnikowicz, S. & Dewar, J. (2018). Financing options in the oil and gas industry.  London: Milbank, Tweed, Hadley 

& McCloy LLP and Practical Law Finance, p. 30 
96 Clews, R. (2016). Project finance for the international petroleum industry. London: Elsevier Academic Press, p. 49 
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bank perspective,97 which can in turn facilitate access to additional funds from 
commercial institutions. 

Multilateral Agencies and International Finance Institutions (collectively 

“Development Finance Institutions” or “DFIs”). The financing and pricing terms of loans 
made by DFIs tend to be more competitive than those of commercial banks.98 
Furthermore, these sources are often able to finance larger loans than their commercial 
counterparts. 99 Much like ECAs, DFIs also have the ability to lend to projects in politically 
and commercially riskier parts of the world, providing not only funds but also advisory 
and assistance services to governments, including advising on the development of 
economic, legal and regulatory frameworks and on the implementation of specific 
projects.100  

Because a major objective of these institutions is to foster private sector involvement in 
development finance, most DFI financing is done via co-lending schemes where these 
institutions provide direct funding alongside tranches of private sector (usually 
commercial bank) finance.101 A number of multilaterals, however, are also able to provide 
equity finance for projects.  

Debt Capital Markets and Project Bonds. Projects have long accessed the bond market 
for financing, particularly following the completion of the construction phase where 
fewer waivers are sought from bondholders.102 Bonds offer more flexibility to a project 
compared to other debt instruments, as they allow long term debt to be sourced in large 
amounts with greater operational flexibility than that offered by commercial banks or 
agency lenders.103 Although the bond markets represent a significant source of funding 
for all types of projects, the contribution of bonds to oil and gas project finance in 
particular has been relatively limited.104 This is in part thanks to the fact that the bond 
issuing process is time-consuming and involves stringent disclosure requirements, which 
may discourage certain project sponsors from pursuing this financing option. 
Nonetheless, bond project financing is a popular method of financing in some parts of 
the world, particularly Latin America, where numerous LNG liquefaction and 
regasification plants have been financed via bond issuance. Some of these projects 
include Chile GNL Quintero, the only regasification terminal in central Chile, which issued 
US$1.1 billion in 15-year, fully amortizing senior unsecured bonds for the purpose of 
refinancing previous debt in 2014;105 Centrais Elétricas de Sergipe (Celse) in Brazil, a 
developer which issued the equivalent of US$1.3 billion in 2018 for the development of 
an LNG terminal with a 170,000 m2 floating storage regasification unit (FSRU) as well as 

 
97 Szczetnikowicz, S. & Dewar, J. (2018). Financing options in the oil and gas industry.  London: Milbank, Tweed, Hadley 

& McCloy LLP and Practical Law Finance, p. 24 
98 Szczetnikowicz, S. & Dewar, J. (2018). Financing options in the oil and gas industry.  London: Milbank, Tweed, Hadley 

& McCloy LLP and Practical Law Finance, p. 24 
99 Szczetnikowicz, S. & Dewar, J. (2018). Financing options in the oil and gas industry.  London: Milbank, Tweed, Hadley 

& McCloy LLP and Practical Law Finance, p. 24 
100 Clews, R. (2016). Project finance for the international petroleum industry. London: Elsevier Academic Press, p. 53 
101 Clews, R. (2016). Project finance for the international petroleum industry. London: Elsevier Academic Press, p. 53 
102 Szczetnikowicz, S. & Dewar, J. (2018). Financing options in the oil and gas industry.  London: Milbank, Tweed, Hadley 

& McCloy LLP and Practical Law Finance, p. 28 
103 Szczetnikowicz, S. & Dewar, J. (2018). Financing options in the oil and gas industry.  London: Milbank, Tweed, Hadley 

& McCloy LLP and Practical Law Finance, p. 28 
104 Clews, R. (2016). Project finance for the international petroleum industry. London: Elsevier Academic Press, p. 49 
105 Crédit Agricole. (2019). Project Bonds: Liquefied Natural Gas (LNG). Available at https://www.ca-

cib.com/sites/default/files/2020-03/Project-Bond-Focus-2019-LNG.pdf, p. 5 

https://www.ca-cib.com/sites/default/files/2020-03/Project-Bond-Focus-2019-LNG.pdf
https://www.ca-cib.com/sites/default/files/2020-03/Project-Bond-Focus-2019-LNG.pdf
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a 1,516MW combined cycle gas turbine (CCGT) power plant, and 33 km of electricity 
transmission line;106 and Peru LNG (PLNG), Peru’s only LNG facility and the first in South 
America, which issued a US$940 million project bond in 2018 to repay the original project 
finance bank debt of US$1.2 billion placed in 2008.107 Finally, another very recent 
example of bond financing of oil and gas projects is the issuance of US$1 billion in bonds 
by Petroperú – Peru’s state-owned oil company – in order to finance the expansion and 
modernization of the Talara Refinery, the country’s second largest refinery.108  

Islamic Financing. Islamic finance is structured in such a way as to comply with the 
principles of Islamic law (Sharia). This type of financing is primarily asset-based.109 Islamic 
financing structures are very similar to traditional financing structures and techniques 
and have been gaining popularity due to the longer tenors and more attractive pricing 
offered by Islamic financing institutions.110 At the same time, in many aspects this type of 
finance are quite unique compared to traditional finance, as the basic principles that 
underlie Sharia-compliant finance include the prohibition of interest, the avoidance of 
uncertainty in dealings and prohibition on speculative activities. As a result, in practice 
what often happens is that Islamic finance is mostly used to finance specific assets rather 
than entire projects – as those may be deemed “speculative activities” by Islam.  

Many Islamic financing instruments have been developed to ensure compliance with 
Sharia, including the Istisna’a, the Ijara, and the Sukuk. The Istisna’a is a procurement 
contract whereby payment is made by a buyer for goods to be delivered at a later date. 
In the context of project finance, an Istisna’a structure is used to finance the construction 
period of a project. The Islamic financiers appoint the borrower as their agent to procure 
specific project assets to be financed Islamically. 111 The Ijara is a lease contract whereby 
a party is given a “right of use” in return for a rental payment. The Ijara structure is 
usually used for the operational phase of a project financing.112 Finally, the Sukuk is the 
Islamic equivalent of a bond, although rather than a debt claim, the investor owns a 
share in the underlying asset.113 Islamic financing has been an important source of funds 
in the Middle East, where many high-profile oil and gas projects have included an Islamic 
financing component. The Asia-Pacific region is another important center of Islamic 
financing, representing almost 25 percent of the global Islamic finance market.114 Islamic 
finance is particularly important in Malaysia, where Sharia-compliant institutions 

 
106 Crédit Agricole. (2019). Project Bonds: Liquefied Natural Gas (LNG). Available at https://www.ca-

cib.com/sites/default/files/2020-03/Project-Bond-Focus-2019-LNG.pdf, p. 5 
107 Crédit Agricole. (2019). Project Bonds: Liquefied Natural Gas (LNG). Available at https://www.ca-

cib.com/sites/default/files/2020-03/Project-Bond-Focus-2019-LNG.pdf, p. 6 
108 BNamericas. (2021). Successful issuance of USD 1,000 million by PETROPERÚ at a historical minimum rate for the 

completion of the Talara Refinery. BNamericas. Available at https://www.bnamericas.com/en/news/successful-
issuance-of-usd-1000-million-by-petroperu-at-a-historical-minimum-rate-for-the-completion-of-the-talara-
refinery 

109 Szczetnikowicz, S. & Dewar, J. (2018). Financing options in the oil and gas industry.  London: Milbank, Tweed, Hadley 
& McCloy LLP and Practical Law Finance, pp. 27-28 

110 Szczetnikowicz, S. & Dewar, J. (2018). Financing options in the oil and gas industry.  London: Milbank, Tweed, Hadley 
& McCloy LLP and Practical Law Finance, pp. 27-28 

111 Clews, R. (2016). Project finance for the international petroleum industry. London: Elsevier Academic Press, p. 58 
112 Clews, R. (2016). Project finance for the international petroleum industry. London: Elsevier Academic Press, p. 58 
113 Clews, R. (2016). Project finance for the international petroleum industry. London: Elsevier Academic Press, p. 58 
114 Global Finance. (2020). Islamic Finance: Just For Muslim-Majority Nations? Global Finance. Available at 

https://www.gfmag.com/topics/blogs/islamic-finance-just-muslim-majority-nations 

https://www.ca-cib.com/sites/default/files/2020-03/Project-Bond-Focus-2019-LNG.pdf
https://www.ca-cib.com/sites/default/files/2020-03/Project-Bond-Focus-2019-LNG.pdf
https://www.ca-cib.com/sites/default/files/2020-03/Project-Bond-Focus-2019-LNG.pdf
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account for nearly 25 percent of the financial sector.115 Other mature Asian Islamic 
finance markets include Bangladesh, Brunei, and Pakistan, where Sharia-compliant 
assets make up more than 15 percent of total bank assets.116 Finally, in Indonesia – 
despite its 90 percent Muslim population –  Islamic finance is still in its infancy, 
accounting for only 8 percent of total bank assets.117 This type of financing is almost 
always part of a larger, multi-sourced financing effort, as Islamic financing is more 
conducive to the financing of specific assets rather than the financing of whole projects, 
which are often too risky to be compliant with Sharia principles. 

  

 
115 Global Finance. (2020). Islamic Finance: Just For Muslim-Majority Nations? Global Finance. Available at 

https://www.gfmag.com/topics/blogs/islamic-finance-just-muslim-majority-nations 
116 Global Finance. (2020). Islamic Finance: Just For Muslim-Majority Nations? Global Finance. Available at 

https://www.gfmag.com/topics/blogs/islamic-finance-just-muslim-majority-nations 
117 Global Finance. (2020). Islamic Finance: Just For Muslim-Majority Nations? Global Finance. Available at 

https://www.gfmag.com/topics/blogs/islamic-finance-just-muslim-majority-nations 
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6 Identification of Potential Projects 

The analysis in previous Sections 3 through 5 offer guidance on ADB’s possible role in 
financing CCUS and how it might identify possible investments. As noted in Section 5, the 
principal advantage to refiners of the involvement of a DFI like ADB is access to low cost 
capital with generous grace periods and loan tenors. 

6.1 ADB’s Role in Financing CCUS 

Areas of possible support from ADB generally include loans, guarantees, equity 
investments, grants and technical support. 

6.1.1 Overview of possible ADB support 

ADB’s traditional public sector (sovereign) lending operations include: 

▪ LIBOR-based loans (LBL) 

▪ Local currency loans (LCL). These loans are intended to alleviate currency 
mismatches in DMC projects, giving borrowers the opportunity to request an 
interest rate conversion 

▪ Concessional OCR loans (COL) at very low interest rates, with long maturities 
and generous grace periods. Such loans could be used to reduce the costs of a 
CCUS project, bringing it over the threshold of commercial viability 

▪ Debt management products for third party liabilities. These include currency 
and interest rate swaps which could conceivably be useful for projects in DMCs 
with foreign exchange or inflation risks. 

▪ Results based loans which provide budget support tied to concrete results or 
achievements of certain policy, legal, governance, or regulatory changes 

▪ Multi-tranche Financing Facilities (MFF). These are typically intended for 
medium-to-longer-term investment programs of the DMCs, and can include 
loans, grants, guarantees or co-financing as part of each tranche. 

Newer products and modalities include: 

▪ Project readiness financing (PRF) which supports project implementation 

readiness. This increases the likelihood of timely and cost-effective 

achievement of project outcomes. PRF replaces technical assistance loans 

and a pilot Project Design Facility. 

▪ Small expenditure financing to supports small expenditures (up to $15 

million per activity) under larger ADB projects, in a quick and responsive 

manner.  

▪ Policy-based guarantees. These are like results based loans, intended to 
provide DMCs with guarantees for loans taken on from commercial banks or 
the issuance of bonds. 

ADBs activities under the Private Sector Operations Department (PSOD) include the 
provision of debt or equity for private (non-sovereign) borrowers, and the mobilization 
of co-financing for investment through credit enhancement products, risk transfer 
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agreements and other instruments. PSOD can also provide accompanying advisory 
services, including transaction advisory for public private partnership projects. 

ADB also has access to funds that may be used for additional financing or grant funding. 
Appendix H describes the most potentially relevant funds and highlights of how some of 
these facilities could possibly be helpful in supporting a CCUS project at a refinery. 

In the absence of details on a specific CCUS project, ADB’s OCR offerings and possibly 
some of the debt management products, seem—at a high level—to be the most obvious 
initial fit for a CCUS project. Such lending could conceivably be coupled with some of the 
grant-funding facilities listed in Appendix H. 

6.1.2 Historical DFI support to refineries 

In considering the ways ADB may support refineries in implementing CCUS, it is useful to 
look at historical practice in supporting more traditional refinery investments. The 
private sector arms of the DFIs (IFC at the World Bank and PSOD at ADB) appear to have 
been more active in the refining and petrochemicals sectors than the public sector 
lending arms of those institutions. The type of investment has typically been a loan (most 
common), equity investment or guarantee. 

Table 6.1. summarizes the project, the nature and size of the DFI’s investment and the 
other parties investing in the project. Additional information is contained in Appendix E. 
It is worth noting that many of these examples are older as many of the larger DFIs have 
been moving away from investments in the petrochemicals sectors in recent decades. 



 

1 
 

Table 6.1: World Bank and ADB Support to Refinery Projects 

Project DFI Investment 

amount 

Investment type 

(equity, dept, 

guarantee) 

Total 

investment 

cost (incl. 

other parties) 

Other investors Project description 

Egyptian 

Refining 

Company 

IFC $120 million Equity $3.7 billion 
(“total project 
value”) 

Under the financing package for the 
refinery, EGPC has invested $270 million 
for a 23.8 percent interest in the project 
while Qatar Petroleum International 
committed over $362 million for a 27.9 
percent stake. 

 

Citadel has directly and indirectly invested 
over $155 million and holds an equity 
stake of 11.7 percent. 

 

Other participants include Gulf Arab 
investor, the Netherlands’ development 
bank FMO, Germany’s private-sector 
lender DEG and InfraMed Infrastructure, a 
private and independent investment fund. 

EFG Hermes Investment Bank HRHO.CA 
acted as placement manager for the 
equity component. The financing is backed 
by a $2.6 billion debt package arranged by 
ERC's financial advisor and made up of 
senior and subordinated debt issued to 
Asian and African development agencies 
and banks. (source) 

Egyptian Refining 
Company, a platform 
company of Citadel 
Capital, Africa’s largest 
private equity firm, will 
build a $3.7 billion hydro-
cracking and coking 
refinery that will 
transform locally available 
fuel oil into lighter fuel 
products (e.g ultra-low 
sulfur diesel) for the 
domestic market.  The 
company also will help 
upgrade an adjoining 
state-owned refinery to 
increase its energy 
efficiency and 
environmental 
performance, resulting in 
reduced sulfur dioxide 
emissions. 

https://www.reuters.com/article/uk-egypt-erc-financing/egypt-gets-3-7-billion-financing-for-refinery-project-idUKBRE85E0TH20120615
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Project DFI Investment 

amount 

Investment type 

(equity, dept, 

guarantee) 

Total 

investment 

cost (incl. 

other parties) 

Other investors Project description 

Oil refinery 

expansion 

project of 

HPCL Mittal 

Energy118 

IFC N/A Loan  $480 million Both JV partners held 49 per cent stake 
each in the company, while remaining 2% 
is held by financial institutions. The firm 
was rumored to be planning to raise 
$407.78 million through an initial public 
offering by diluting 18 per cent stake in 
the company by March 2012. 

The investment for HPCL 
Mittal Energy, which 
produces production of 
petroleum and 
petrochemical products in 
Indie, will rebalance the 
Guru Gobind Singh 
Refinery to increase its 
capacity from 9 MMTPA 
to 11.2 MMTPA. The 
project will increase the 
throughput of the refinery 
by about 25 per cent with 
a relatively smaller 
investment of 
approximately 15 per cent 
of its capital cost. 

Dangote 

Industries 

Limited 

IFC $150 million  Loan $3.15 billion 60 percent from own cash flow of Alike 
Dangote, Standard Chartered Bank 
arranging funds for the project. Nigeria’s 
central bank would provide guarantees for 
about 575 billion naira in local currency for 
10 years, with African Development Bank 
providing a $300 million loan. Trade banks 

The World Bank was 
expected to contribute 
$150 million to the $3.15 
billion oil refinery project, 
but an environmental and 
social standards review 
concluded that all funds 

 
118 It is unclear from our research whether this project eventually was completed. 
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Project DFI Investment 

amount 

Investment type 

(equity, dept, 

guarantee) 

Total 

investment 

cost (incl. 

other parties) 

Other investors Project description 

from China, India and some European 
countries are also in the mix 

will be used to support 
establishment of the 
fertilizer plant and there 
will be no investment 
directed towards the oil 
refinery. 

 

Campana oil 

refinery 

IFC $135 million, 
plus $50 
million from 
IFC’s 
Managed Co-
Lending 
Portfolio 
Program 
(MCPP). 

Loan plus co-
lending 

$500 million $315 million will be provided by several 
banks including 
Bancaribe, BBVA, Santander, Citi, ICBC, Cré
dit Agricole and JP Morgan. 

Project to finish an 
expansion and upgrade at 
the Campana oil refiner 
belonging to Pan 
American Energy, 
Argentina’s fourth biggest 
gas producer and second 
largest oil company. The 
project will lower 
emissions from 
petroleum-based products 
by optimizing the quality 
of the gasoline and diesel 
produced, reduce their 
sulfur content, and bring 
products in line with 
European standards. 

Uz-Kor Gas 

Chemical 

ADB $400 million Loan of up to 
$125 million  

$4 billion Export Import Bank of Korea, Korea Trade 
Insurance Corporation, China 

The Surgil Natural Gas 
Chemicals Project (largest 

https://www.bnamericas.com/en/company-profile/banco-bilbao-vizcaya-argentaria-sa-bbva
https://www.bnamericas.com/en/company-profile/banco-santander-sa
https://www.bnamericas.com/en/company-profile/citibank-na-citibank
https://www.bnamericas.com/en/company-profile/industrial-and-commercial-bank-of-china-ltd-icbc
https://www.bnamericas.com/en/company-profile/credit-agricole-sa-credit-agricole
https://www.bnamericas.com/en/company-profile/credit-agricole-sa-credit-agricole
https://www.bnamericas.com/en/company-profile/jp-morgan-chase-co-jp-morgan-chase
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Project DFI Investment 

amount 

Investment type 

(equity, dept, 

guarantee) 

Total 

investment 

cost (incl. 

other parties) 

Other investors Project description 

 

13-year 
guarantee of up 
to $275 million 

Development Bank, National Bank of 
Uzbekistan, European export credit 
agencies and international commercial 
lenders. 

petrochemical plant in 
Uzbekistan) will produce 
gas for commercial use 
and for conversion into 
chemical intermediates 
used in the plastics and 
textiles industries. Instead 
of simply extracting gas 
and treating it for energy 
use, the project will also 
process a portion of it into 
chemical raw materials for 
exporting to plastics and 
textiles producers. 
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6.1.3 Possible Impact of ADB Support 

As described in Section 3 the high cost of most CCUS investments is a major obstacle 
to implementation. ADB could help bring down the cost of investment by reducing 
financing costs.  

Whereas data on the costs of CCUS investments are scarce, the models produced as 
part of preparation of the NPC report allow for at least a back-of-envelope assessment 
of the impact of financing costs on a CCUS project at a refinery. As noted above, NPC’s 
assumptions for a refinery CCUS project suggest a range of USD 98.02 to USD 
150.59/tonne of CO2 as the cost of carbon capture.119 Adjusting the model’s 
assumptions about that volume and cost of debt shows that debt with terms similar 
to ADB’s OCR loans shows the potential for substantial cost reductions. 

Figure 6.1 is a screen shot from the results of the model, showing how NPC’s 
assumptions (middle column) differ from the assumptions used in this report. NPC 
assumes equity financing only and has “low” and “high” cases which differ only in 
terms of the overall capital expenditure cost of the CCUS technology. The low case is 
shown in the top half of Figure 6.1 and the high case in the bottom half.  

For the purpose of this paper, the NPC model was used to instead assume 60% debt 
financing on terms comparable to what might be available from ADB through OCR 
financing: 1% annual interest rate over 30 years, instead of 5% over 15 years.  

Figure 6.1: NPC Cases for CCUS at a Refinery Compared to Financing with ADB OCR 

 

 
119 Accessed May 4, 2021, https://www.gaffneycline.com/calculator/npc-scenarios-table. 

https://www.gaffneycline.com/calculator/npc-scenarios-table
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Table 6.2 shows the results of changing the assumptions in NPC’s model (the 
assumptions in the green rectangles in Figure 6.1. The result of the low cost OCR 
financing is a 25% reduction in carbon capture costs. If 10% grant funding is also 
assumed (perhaps from one of the funds described in Appendix H, carbon capture 
costs drop an additional 7-8%. The green rectangles in Figure 6.1 highlight the changes 
made to NPC’s modeling assumptions. 

Table 6.2: NPC Case for CCUS at a Refinery Compared to Financing with ADB OCR 

 No debt financing ADB OCR 

Financing 

ADB OCR 

Financing + 10% 

grant 

 Average total capture cost (USD/tonne) 

NPC CCUS at 
Refinery (Low Case) 

98.02 68.24 63.40 

NPC CCUS at 
Refinery (High 
Case) 

150.59 100.29 92.33 

 
The table is illustrative only, and specific to CCUS in the United States, but it shows the 
magnitude of cost reductions that can be achieved through a mix of grants and 
concessional finance. It is worth remembering that EU ETS prices recently reached EUR 
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50/tonne.120 ADB’s shadow carbon price, which is used for economic analysis in 
preparation of projects, is currently around USD 40/tonne.121 Such carbon price levels 
are not far below the EUR 63.40 achievable with OCR-type financing and 10% grant 
funding. 

PSOD’s lending rates and required returns on invested capital are more comparable 
to market rates in the country of investment and therefore would not likely bring 
down the investment cost much on its own. However, PSOD’s participation in an 
investment could be likely to attract investors who would otherwise not have come to 
the table, either directly, through credit enhancement, or indirectly, through the 
reputational benefit of ADB’s involvement via PSOD. 

6.1.4 Structure and Nature of Possible ADB Investment in CCUS 

ADB could provide OCR loans to a refining project much as it does to other projects. 
Figure 6.2 and Figure 6.3 illustrate possible implementation arrangements. Option 1 
foresees the provision of an OCR loan to the sovereign entity (Ministry of Finance) 
which is then on-lent, or invested as equity in the company undertaking the CCUS 
investment. The company could be an existing oil and gas company (e.g., an NOC) or 
a special project vehicle established specifically for an investment in a new or 
upgraded refinery. 

It is assumed in the figures (and this is consistent with the financing structures seen in 
Sections 5 and 6.1.2) that commercial banks or other equity investors would also 
provide some capital. The oil and gas company—if it is an existing operator and not an 
SPV specifically created for the purpose of this investment—would likely also provide 
some of its capital, drawing on revenues from its other oil and gas operations. Not 
shown in this figure, but present in the examples shown in Section 6.1.2 are export 
credit agencies (ECAs). Such agencies are useful in financing technology from their 
country of origin via loans or guarantees. 

 
120 “Cost of Polluting in EU Soars as Carbon Price Hits Record €50 | Financial Times,” accessed May 5, 2021, 

https://www.ft.com/content/2b965427-4fbc-4f2a-a14f-3be6019f0a7c?shareType=nongift. 

121 Asian Development Bank. “Guidelines for the Economic Analysis of Projects.” 0 ed. Manila, Philippines: Asian 
Development Bank, March 1, 2017. https://doi.org/10.22617/TIM178607-2. A price of US$36.30/tonne was set 
for 2016, with the instruction to assume 2% inflation per year. Carbon prices for 2021/2022 would therefore be 
around US$40/tonne. 

https://www.ft.com/content/2b965427-4fbc-4f2a-a14f-3be6019f0a7c?shareType=nongift
https://doi.org/10.22617/TIM178607-2
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Figure 6.2: OCR Financing for CCUS Project—Option 1 

 

 
Option 2 differs from Option 1 in that it allows for the possibility that ADB could lend 
to the company directly, but in doing so would require a sovereign guarantee. This is 
offered as an option only because sovereign guarantees may not always be 
forthcoming, especially for large, financially-stable national oil companies. 

Figure 6.3: OCR Financing for CCUS Project—Option 2 

 

 
As the figures suggest, it may also be necessary—as it typically is in ADB economic and 
financial due diligence prior to loan approval—to ring fence the costs revenues from 
the CCUS investment from any larger CAPEX required to build or upgrade the refinery. 
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6.2 Identifying Possible Investments and Interventions 

At this stage in ADB’s involvement in non-storage, non-EOR CCUS, it is useful to take a 
step back from the mechanics of refineries and financing and look at the wider horizon 
of carbon reutilization through CCUS and the market structures that offtake products 
are subject to. This horizon is shown by the CCUS value chain illustrated previously 
which presents numerous opportunities for ADB support—in the form of investment, 
financing, or technical assistance—depending on where in the process of getting from 
carbon capture to market product the ADB finds the greatest value. Perhaps most 
important at this stage, in order to reach commercial viability on a broad scale, is to 
reduce the cost of recycled CO2 products, and support the market around them. 

Opportunities are categorized in a few areas, within each are possible a range of 
interventions and financing opportunities. 

For the Refineries / Petrochemical Facilities: 

▪ Direct “Simple CCUS Project” Development & Financing – Technical 
support and financing of carbon capture project / infrastructure in refinery 
/ petrochemical facility. This could include scoping and feasibility studies; 
project preparation; financing arrangements for project development; 
implementation arrangements. 

▪ Direct “Complex CCUS Project” Development & Financing – Technical 
support & financing of a “Simple Project” (carbon capture) plus the 
transformation of the captured carbon to marketable product, for the same 
refinery / petrochemical company. This would feature the same type of 
intervention as for the “Simple Project”) 

▪ Indirect CO2 Project Development & Financing – Technical support and 
financing of refinery infrastructure (that may include process updating) to 
reduce the carbon footprint of non-captured CO2 caused by 
refinery/petrochemical activities (to increase the net carbon abatement 
that can be achieved by carbon capture), such as process efficiency, 
renewable energy generation for plant operations (where feasible – 
through on-site generation, or power procured from external RES IPPs). 
Ensuring that CCUS value chain utilizes low carbon inputs This arrangement 
could include ADB assistance in scoping and feasibility studies; project 
preparation; financing arrangements for project development; 
implementation arrangements, etc.  

Related to the Enabling Environment: 

▪ Policy and Regulatory Advisory – Technical assistance support to national 
ministry (or similar relevant entity) for CO2 emissions policy updating, 
regulatory controls, CO2 pricing / trading mechanisms, etc. This may be 
even more effective on a regional basis for purposes of consensus building 
and reaching regional policy / regulatory agreements, CO2 pricing ranges, 
trading mechanisms, etc. This would involve ADB providing policy and 
regulatory advice, capacity building, facilitating regional cooperation, 
regional carbon market development, etc. 

▪ Recycled CO2 Product Market Support  



 

10 
 

– Infrastructure – Financing of ancillary infrastructure needed such as 
transport systems, low carbon production of hydrogen and other inputs, 
or various other infrastructure to facilitate CCUS at-scale. 

– Input Cost Reductions – R&D on transformation catalysts to increase 
efficiency and selectivity (reducing side reactions and/or other unwanted 
byproducts) 

– Policy and Regulatory Advisory – on national or regional level, incentives, 
public procurement rules, etc. to promote domestic production and use 
of recycled CO2 products (first in building materials, perhaps urea for 
fertilizers, etc.), to support both supply and demand segments. 

With respect to financing of projects, given the still relatively high costs of CCUS 
technologies, there is a clear role for concessional lending and—if available—grant 
funding which will help “buy down” the cost of such technologies in the early years of 
their adoption. 

In identifying potential public sector projects, this report begins with the premise—
consistent with ADB’s development mandate—that ADB would look to invest only in 
projects that are economically viable but that would be financially unviable without 
ADB assistance. This premise offers guidance on how to evaluate a potential project 
against the five criteria described above. In identifying potential private sector 
projects, ADB’s objective may not necessarily be to improve the returns on a project, 
but to make a project happen that might not otherwise by providing more “patient 
capital” than might otherwise be available from commercial lenders, and the 
reputational benefit of PSOD’s involvement. 

In deciding where and how to invest, it is important for ADB to be guided by criteria 
that ensure, as best as possible, that the investments are helping to advance the 
evolution of CCUS technologies by providing financing that tips the balance of such 
technologies toward financial viability. Table 6.3 summarizes the suggested criteria 
and identifies the characteristics of possible investments that would make them lower 
or higher priority. Each of the criteria, and the reasons for prioritization, are described 
in more detail in the following subsections. 

Table 6.3: Suggested Investment and Intervention Evaluation Criteria 

Priority/ 

Criteria 

Lower priority Higher priority 

Economic viability Economically unviable, 
given costs of investment 
and benefits of avoided 
externalities (principally, 
CO2 emissions) 

Economically viable, with 
EIRRs of at least 6%. 

 

Ratio of Cost of Production 
to Sale Price is low122 or 

 
122 The Columbia University study on CO2 Recycling recommends prioritizing products where the cost of production 

and market sale price ratio is 1 (or less than 1). Early market entry products have a ratio of less than 5, and 
promising products that need additional technology advancement has a ratio of less than 8. 
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Cost of “CO2 Recycled 
Product” production far 
exceeds the market value / 
sale price  

clear cost savings can be 
achieved through 
identified intervention. 

Policy and Regulatory 
Environment 

Absence of progressive 
policies to induce 
internalization of CO2 costs 

Little to no ability to 
influence public policy or 
regulation that support 
demand / supply of 
recycled CO2 products, or 
impose more strict CO2 

emissions rates on refiners 
and industry. 

Little to no ability to build 
up a voluntary or 
mandatory system of 
carbon pricing, trading or 
taxation. 

Progressive in incentivizing 
or requiring internalization 
of costs of CO2 

Strong ability or leverage 
to influence public policy 
or regulation that support 
demand / supply of 
recycled CO2 products, or 
impose more strict CO2 

emissions rates on refiners 
and industry. 

Strong ability or leverage 
to build up a voluntary or 
mandatory system of 
carbon pricing, trading or 
taxation. 

Technical and Market 
Readiness 

Technology pathways and 
products that are far from 
readiness 

Technology pathways and 
products that are currently 
commercially viable, or 
with R&D investment may 
be in the short term. 

Net carbon footprint 
(Carbon Abatement 
Potential) 

Projects which increase 
the refiner’s carbon 
footprint, on net 

Products with a short 
carbon storage life (CO2 is 
re-released through 
product utilization or 
degradation in the short to 
medium term) 

Project which reduce the 
refiner’s carbon footprint, 
on net 

Products with a long 
carbon storage life (CO2 is 
re-released through 
product utilization or 
degradation over a longer 
term) 

 
6.2.1 Economic Viability 

As described above, this report assumes that a project should be economically viable 
(taking into account positive and negative externalities), but financially unviable in the 
absence of ADB assistance. More specifically, ADB will want to look for projects and 
target its assistance such that the project would earn an economic internal rate of 
return (EIRR) above ADB’s threshold (which should be 6% for such projects), and a 
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financial internal rate of return (FIRR) higher than the implementer’s weighted 
average cost of capital (WACC).123 

As described in Section 3, the major drivers of refining costs are the cost of crude, 
energy costs needed for the refining process, operating and maintenance cost, 
transport costs, and in some jurisdictions, regulatory costs. These criteria collectively 
suggest potential for ADB assistance in areas with abundant, low cost energy and 
dense geographical configurations that allow for on-site consumption or proximity to 
pipelines or sea ports for low cost shipping of the new carbon-based products. For 
example, carbon mineralization of industrial waste materials has the advantage that 
industrial waste tends to be concentrated in industrial areas near large concentrations 
of CO2.124 

6.2.2 Policy environment 

ADB will also likely want to look to DMCs that show more progressive policies in terms 
of requiring or incentivizing the internalization of CO2 emissions by refiners. This will 
make it easier (and require less capital) to bridge the gap between economic and 
financial viability of CCUS investments. The availability and price of carbon credits 
depends on the jurisdiction, but Section D.2 suggests that carbon pricing is still only 
an emerging priority in most of the major oil producing countries of Asia and where 
prices remain considerably lower than the global average, at USD 5.97/tCO2e, orders 
of magnitude below the NPC study estimates of what would be required for refiners 
to break-even on a CCUS investment. 

ADB may also wish to look to jurisdictions that are promoting renewable energy 
generation and hydrogen transport, especially if such facilities are co-located with 
refining operations. Renewable energy power plants offer lower cost, carbon free 
electricity that can be used by refineries; hydrogen transport would offer links to 
markets for refiners wishing to produce it as part of a larger investment in CCUS. 
Countries such as Vietnam, which has aggressive plans for offshore wind and several 
coastal refineries may for example be a good candidate for blue or green hydrogen 
production.125 

6.2.3 Technical configuration of the refinery and CCUS readiness  

The technical configuration of the refinery is an important criterion in identifying 
possible projects and possible outputs from carbon utilization. Because of rising oil 
demand in the region, refineries in Asia are generally newer and more complex than 
counterparts elsewhere in the world. Interviewees generally felt that these more 
complex refineries would be more likely and willing to be able to implement CCUS 
than older, simpler refineries. A separate report, drafted by ADB’s technical expert, 

 
123 ADB’s regular hurdle rate is 9% for economic analysis while a lower discount rate of 6% can be applied as the 

minimum required economic internal rate of return for social sector projects that primarily generate 
environmental benefits (such as pollution control, protection of the ecosystem, flood control, and control of 
deforestation). 

124 Accessed May 4, 2021, https://dualchallenge.npc.org/files/CCUS-Chap_9-030521.pdf. 

125 Patrick Mulholland, “Low-Income Countries Play Carbon Leapfrog in Green Energy Shift,” April 26, 2021, 
https://www.ft.com/content/4001e840-66ce-4b7a-95ed-6adfa94344a1. 

https://dualchallenge.npc.org/files/CCUS-Chap_9-030521.pdf
https://www.ft.com/content/4001e840-66ce-4b7a-95ed-6adfa94344a1
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describes in more detail how the technical configuration of a refinery can be used to 
identify possible outputs. 

ADB will also likely wish to consider CCUS projects where the level of technical and 
market readiness is relatively high. This avoids foisting on DMCs more experimental 
technologies with little track record and promises better scalability and is consistent 
with the premise (introduced above) of doing projects that are on the cusp of 
commercial viability, but not quite there. Whereas it may be tempting to do a pilot or 
demonstration of a less advanced technology, the aphorism “pilots never fail, and 
never scale” is worth considering, especially if any involvement is sought from ADB’s 
Private Sector Operations Department (PSOD) which generally favors commercially 
viable projects. Figure 6.4 shows the NPC’s assessment of the Technical Readiness 
Level (TRL) of various utilization technologies. 

The NPC report indicates that biological and carbonation technologies are the most 
advanced, and notes that “most use technologies are at a relatively low technology 
readiness level, and it takes about two decades to develop and commercialize capital-
intensive energy and environmental processes”.126 

 
126 NPC Report, Chapter 9, p. 4. 
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Figure 6.4: Technical Readiness Level (TRL) of Carbon Use Technologies 

 

Source: NPC Report, chapter 9, p. 5. 

 
The Columbia University study127 evaluates the readiness of pathways and products by 
a market readiness ratio of the cost of production to current sales price. Due to high 
costs of electricity and catalyst inputs to Electrochemical pathways, most products 
made from Thermochemical128 pathways have lower ratios and are in some cases 
already market ready. 

While the market-readiness ratio is calculated in a more objective and verifiable way 
than the technology readiness score, the conclusions of priority pathways and 
products are the same as reached by the NCP. Products with the best (lowest) Market 
Readiness Ratios are the same products categorized by the NCP as biological or 
carbonation technologies, namely, concrete products and ethanol produced through 
biomass fermentation. Carbon monoxide produced by electrochemical CO2 reduction 

 
127 “Opportunities and Limits of CO2 Recycling in a Circular Carbon Economy: Techno-Economics, Critical 

Infrastructure Needs, and Policy Priorities”; Bhardwaj, A., McCormick, C., Friedmann, J; May 2021 

128 The Columbia University study groups the NPC Biological and Carbonation technologies into the 
Thermochemical category.  
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is also shown to be commercially viable. Financing projects and infrastructure for their 
production would bring returns earlier than investment in others. Additional details of 
the study results are provided in Appendix F.  

6.2.4 Net carbon footprint 

ADB will also presumably want to identify potential projects with the lowest net 
carbon impact possible. This is important for consistency with the criterion of 
economic viability (described above, and critical for ADB loan approval). When 
assessed from a lifecycle perspective, the investment should be reducing CO2 
emissions (and the cost of CO2 emissions) overall. This criterion has bearing on: 

▪ The type of electricity used to run the refinery. Projects that can be shown 
to rely entirely or largely on electricity generation from renewable energy 
will ultimately fare better in an economic cost benefit analysis. 

▪ The storage time of any goods produced from CO2. Products such as urea 
have a storage time of days to months whereas construction aggregates and 
consumer products have longer CO2 storage times and so will look better in 
an economic cost benefit analysis using whole-of-life costing.129 

Interviewees and recent literature on CCUS point to the importance of developing 
negative emission technology, which removes carbon from the atmosphere, on net. 
Bioenergy plants, which burn plant matter and store the CO2, are often cited as 
promising examples. A net negative project in the refining sector could include a 
refinery with CCUS, powered by a bioenergy plant with CCS. 

Of the countries surveyed in this study, Malaysia and Vietnam have the strongest plans 
to reach targets for 1.5oC (“Target”) and 2oC (“2DC”) scenarios. In Business-as-Usual 
(BAU) both countries also meet the Nationally Determined Contribution (NDC). 
However, part of the NDC commitments for both countries are conditional upon 
receiving climate financing, technology and transfer and capacity building from 
developed countries.  

In the case of Malaysia, which commits to reducing emissions 35% unconditionally 
under the NDC, a remaining 10% depends upon climate finance to reach the full 45% 
NDC reduction. Under the BAU scenario, total investment needed is estimated to be 
USD 1,627 billion through 2050. The 2DC scenarios requires an additional net 
investment of 8.9 billion USD130.   

Vietnam has committed to only an 8% reduction in CO2 emissions by 2030 for its NDC, 
however it currently only accounts for less than 1% of APEC country emissions and this 
8% represents a 20% reduction of emission intensity per unit of GDP. Investment 
needed to achieve only the 8% will require significant international support in CO2 
reduction technologies and projects. More ambitious targets, such as the 2DC scenario 

 
129 Accessed May 4, 2021, https://dualchallenge.npc.org/files/CCUS-Chap_9-030521.pdf. 

130 Net investment is the resulting investment (CAPEX) amount needed, following an estimated 78 billion USD in 
fuel savings. APEC Outlook 

https://dualchallenge.npc.org/files/CCUS-Chap_9-030521.pdf
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target of 46% CO2 reductions by 2030, will require a net, multi-sector investment of 
USD 1,363 billion131 

Figure 6.5: Malaysia: CO2 Emissions and Reductions Pathways under BAU and Paris 

Agreement Scenarios 

 

 
 

Figure 6.6: Viet Nam: CO2 Emissions and Reductions Pathways under BAU and Paris 

Agreement Scenarios 

 

 
  

 
131 Net investment is the resulting investment amount following an estimated 327 billion USD in fuel savings. APEC 

Outlook 
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Appendix A– List of Interviewees and Webinars 
Attended 

Interviewees 

▪ Bob Grabham, Independent Energy Consultant with more than 20 years at 
BP 

▪ Dawid Hanak, Senior Lecturer in Energy and Process Engineering, Centre for 
Climate Change and Environmental Protection, Cranfield University 

▪ Niall Mac Dowell, Professor of Future Systems at Imperial College London 

▪ Niels Berghout, Energy Analyst, International Energy Agency 

▪ Sathishkumar Nagarajan, Lead, Carbon & Sustainability, TEMBUSU Asia 
Consulting 

▪ Senior Executive, Major industrial gasses company involved in CCUS in the 
United States (wishes to remain anonymous) 

Webinars 

▪ CO2 Recycling: Technology Limits, Opportunities, and Policies for a Circular 
Carbon Economy (Columbia University) 

▪ Hydrogen Now to 2030: Opportunities and Limits in a Circular Carbon 
Economy (Columbia University) 

▪ Carbon Capture and Energy: Everything’s Bigger in Texas (United States 
Energy Association) 
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Appendix B: Country-Level Highlights 

B.1 India 

Oil Supply & Demand 

For several years, India has the world’s third largest consumer of oil, after China and 
the United States. Its total production of oil and other liquid fuels has hovered at about 
1 million b/d since 2010, with about two-thirds of that being crude oil and condensate.  
Almost half of the country’s crude oil production is offshore, although these fields are 
aging and this share will continue to decline. The only significant project expected to 
come online in the next few years is Oil and Natural Gas Corporation’s 78,000 b/d KG-
D5 deep water oil and natural gas development starting in 2021132. 

As with many maturing fields, continued crude production has become technically 
challenging, and deep water developments are cost-prohibitive at low oil prices. The 
government is trying to attract more investment and reduce India’s oil import 
dependency by improving the contract terms for private and foreign companies and 
prompting the national oil companies to invest more in upstream development. For 
example, in FY 2018 India’s second-largest state-run oil company OIL reported a 
production cost per barrel of crude oil of $29.91, up from an average of $26.64 over 
the previous two years133. In September 2018, the Government of India approved 
fiscal incentives to attract investment and technology to help bring unit production 
costs down and improve oil recover levels. These incentives are expected to lead to 
total hydrocarbon production valued at $745.82 billion USD by 2040134. 

In addition, the government’s “Marginal Field Policy” (2015) was designed to support 
newly discovered small oil and gas fields for increased domestic production by 
improving fiscal terms, such as tax-free crude production from these fields, no upfront 
signature bonus, pricing and marketing freedom, and no carried interest by NOCs135.  

These measures have not been in place long enough to impact the growing gap in 
India’s domestic demand and supply; demand for crude oil in 2019 reached 4.9 million 
b/d, compared to less than the 1 million b/d of total domestic production of liquid 
fuels production136.  

Only around 2% of India’s oil imports are sourced from the Asia region.  Much of the 
country’s supply comes from unstable countries and regions leaving it vulnerable to 
sudden supply constraints: nearly 60% from the Middle East, 8% from Nigeria, and 7% 
from Venezuela. Taking advantage of low oil prices, India had filled more than 270 
million barrels in strategic and commercial reserves in tanks, pipelines, and ships by 
May 2020. It is also expanding its strategic petroleum reserve (SPR) infrastructure.  
Once completed the SPR is expected to hold up to 82 million barrels, equivalent to 22 
days of crude oil demand137. 

 
132 EIA 2020. 
133 Oil India Ltd. “Investor Presentation - January 2019”  

https://www.oil-india.com/Document/Financial/Investor%20Presentation%20Q2%20FY19.pdf 
134 IBEF 2019 
135 IBEF 2019 

136 EIA 2020 
137 EIA 2020 
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Diesel is the highest demand oil product in India (39%) used primarily for commercial 
transportation and somewhat in industry and agriculture. Diesel demand is still 
expected to grow, doubling from 2018-19 to reach 163 million tonnes by 2030138.  
Gasoline consumption (14% of demand) has increased rapidly over the past few years, 
replacing diesel in the fast -growing passenger vehicle segment since 2014.139 To 
improve clean cooking practices and indoor air quality, the government has subsidized 
LPG consumption for the lowest income population since 2016, however consumption 
growth has been slowing through the first half of 2019 as LPG penetration rate 
reached nearly 97% of households at the beginning of 2020 (up form 56% in 2016).  

India’s National Policy on Biofuels (2018) proposes an indicative target of 20 percent 
blending of ethanol in petrol and 5 percent blending of biodiesel by 2030. The Policy 
also promotes advanced biofuels through availability gap funding of $746 million USD 
in six years for 2nd generation ethanol biorefineries, along with additional tax 
incentives140. 

Heavy monsoon seasons slow the pace of oil growth, and the COVID-19 pandemic is 
expected to drastically lower demand growth for jet fuel, gasoline, and diesel.  
Domestic refineries began curtailing oil product output in March 2020, and the 
pandemic continues to strongly affect India as of the writing of this paper.  Despite 
this interruption in growth, India’s crude oil consumption may still meet the pre-COVID 
level of 500 MMT by 2040. 

Refineries and Capacity 

As of 2019, nameplate refining capacity in India was 5.0 million barrels per day (b/d), 
making it the second-largest refiner in Asia after China. IOCL Indian Oil Corporation 
Ltd. (IOCL) is the largest oil company in Indian and controls 10 out of 22 refineries in 
the country. These 10 refineries have a combined capacity of 1.31 mbpd141. The two 
largest refineries by crude oil capacity (663 b/d and 707 b/d) are both privately owned 
by Reliance Industries, located in the same Jamnagar complex in Gujarat. These two 
facilities alone account for 27% of the country’s capacity. An additional 12.5% of total 
capacity is also privately owned142. Several refiners have incrementally increased the 
crude oil processing capacity through small expansions at existing facilities. No new 
capacity is expected until after the mid-2020s143 when at new capacity is planned to 
include:  

▪ Reliance increase of Jamnagar capacity by 50 percent (date unknown??).  

▪ IOCL investment of $7.64 billion in existing refinery expansions, and $22.19 
billion to double capacity by 2030. 

 
138 IBEF 2019 
139 EIA 2020 
140 IBEF 2019 
141 IBEF 2019 
142 IBEF 2019 
143 EIA 2020 



 

20 
 

Appendix Figure B.1: Share per Company in Total Refining Capacity in India 

Source: IBEF, 2019 

 
In terms of share of refining capacity among firms, India’s three largest companies, 
Reliance, IOC, and Bharat Petroleum Corp. Ltd (BPCL), account for just over 70% of the 
country’s total.  

As Appendix Table B.1 shows, crude oil throughput in public sector refineries grew at 
CAGR 3.68 percent from 2007 to 2018, while private sector refineries’ throughput 
grew at CAGR 9.55 percent in the same period.  

Appendix Table B.1: Indian Refinery Throughput Growth 2007-2018 

 

Source: IBEF 2019, Consultant’s Calculation144 

 
The country’s state-owned refiners were reportedly (in 2019) in the process of 
upgrading their facilities to comply with the government requirement to produce oil 
products with the equivalent of Euro VI emission standards by April 2020145. The status 
of this process is not fully known. 

GHG / Carbon Emissions and Fuel Costs 

India’s GHG emissions have increased by 176% between 1990 and 2017. India has the 
opportunity now to reign in this growth going forward Depending on the policies 
adopted for climate change mitigation and COVID recovery. Although COVID has had 
an impact on emissions reductions, the expected recovery package focuses on 

 
144 The IBEF 2019 report provides throughput figures in Million Metric Tonnes of Oil (MMT or MTOE). Conversion 

to barrels per day is made using an average of 20,000 barrels per MMT. 
145 EIA 2020 
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employment support, particularly in agriculture, rather than any energy transition 
toward decarbonization146.  

According to the Climate Transparency Report 2020, India is not on track to meet 
commitments for the global 1.5oC IPCC scenario, despite the 2030 targets to achieve 
40% non-fossil-fuel share of power generation capacity, and 33-35% reduction in 
emissions intensity of GDP. The country would need to limit emissions to below 4.597 
MtCO2 by 2030 and to below 3.389 MtCO2e by 2050 to be within the “fair-share 
range” compatible this scenario. India’s 2030 NDC, set in the previous Copenhagen 
Agreement has not been revised for the more ambitious Paris Agreement targets, only 
limits its emissions to between 6,034 MtCO2 and 6,203 MtCO2.  

The main driver of CO2 emissions is India’s continued reliance on coal for electricity 
and industrial uses. The country currently has no plan in place to phase out coal use 
and is liberalizing investment in mines to promote additional extraction. Coal 
production is increasing and on track to produce a record high 700Mt in 2020/21. 
Appendix Figure B.1 shows the share of each sector in the creation of CO2 emission 
from fuel combustion in 2019, a year in which the power sector accounted for 43% of 
the total. Carbon intensity in India has remained almost constant at around 58 tCO2 
over the last five years which reflects the continuously high share of fossil fuels, 
particular coal, in the energy mix.  

Appendix Figure B.2: Share per Company in Total Refining Capacity in India 

 

Source: Climate Transparency Report 2020 

 
Industry-related CO2 emissions are generally on par with the G20 average, and due to 
efficiency measures over the last 20 years have fallen by 12% over the 2012-2017 
period. India’s cement industry is slightly less emission intensive (572 kgCO2/tonne) 
than the global average (614 kgCO2/tonne). Industry, especially steel production, 
remain in any case a significant source of CO2 emissions (31%) in India. 

Both passenger and freight transportation are dominated by fossil fuels, with oil 
making up 96% of energy consumption in the transport sector. In 2018, electric 
vehicles made up only 0.1% of new car sales in 2018. While aviation emissions per 

 
146 Climate Transparency Report 2020 
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capita remain small compared to those in G20 countries (0.02 tCO2 and 0.16 tCO2, 
respectively), emissions growth per capita was nearly 38% in India, nearly twice that 
in the G20 average. For 1.5oC compatibility, the share of low-carbon fuels in the 
transport fuel mix will need to increase to about 60% by 2050. 

Electricity-related emissions in the building sector are at 16%, and there are an 
additional 5% direct CO2 emissions from this sector. Such emissions from buildings 
need to be cut in half by 2030 and be 80-85% below 2010 levels by 2050 for IPCC 1oC 
compatibility. 

Fossil fuel subsidies provided by the government in 2019 totaled USD 13.4 bn, almost 
completely on petroleum. India has both taxes and subsidies in place for coal, but does 
not have a national carbon tax or emissions trading scheme, nor are any schemes 
planned. In 2017, India phased out the earmarking of revenues from the Clean 
Environment Cess (taxing coal) for environmental purposes, subsumed under the 
introduction of the centralized Goods and Services Tax.147  

The private sector stronger promoter of CO2 reductions initiatives in India. In 
September 2020, six Indian Industry leaders voluntarily formed the “Industry Charter 
for Near Zero Emissions by 2050”148. The group has committed to pursue a set 
decarbonization measures, at the company levels and collectively, to set an example 
for industry peers to contribute to meeting the objectives of the Paris Agreement. The 
CEOs of the following companies signed off on this Industry Charter:  

▪ Thermax 

▪ Tata Consulting Engineers Ltd 

▪ Siemens Energy India 

▪ Dalmia Cement (Bharat) Ltd 

▪ Shell Group of Companies, India 

▪ Hindalco Industries 

The Energy and Resources Institute (TERI) is the Secretariat of the Industry Charter. 

B.2 Indonesia 

Oil Supply & Demand 

Indonesia has significant reserves of oil and gas but needs substantial investment and 
technology for exploration. As of 2019, proven oil reserves measured 2.5 billion 
barrels (bbl), and 1.29 bbl of potential reserves. Indonesia is, however, a net oil 
importer. Of the 282 million barrels produced in 2019, 74 million were exported 
(mainly to the US, Singapore, and Japan), and 113 million barrels were imported for 
domestic use.149 Although some new projects have been developed, ninety (90) 
percent of production comes from mature fields that are continuing to decline in 

 
147 Climate Transparency Report 2020. 
148 https://www.teriin.org/industry-charter-near-zero-emission-ambitio-2050; 

https://www.teriin.org/sites/default/files/files/near-zero-document_2020.pdf  
149 ADB Indonesia Energy Sector Assessment (Dec 2020) and Government of Indonesia, MEMR. 2020. Handbook of 

Energy & Economic Statistics of Indonesia 2019. Jakarta. 

https://www.teriin.org/industry-charter-near-zero-emission-ambitio-2050
https://www.teriin.org/sites/default/files/files/near-zero-document_2020.pdf
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output approximately 11% per year150. In fact, production in 2019 came in at 3.7% 
below targets151.  

Extraction of remaining reserves located in deep sea waters require sophisticated 
technology that current state-owned enterprises (SOE) operators do not have, and 
remaining protectionist policies152 discourage global companies from pursuing 
opportunities. For instance, Pertamina has been steadily increasing its share of the 
upstream Indonesian oil and gas market through taking over operation of expiring 
production sharing contracts from international oil and gas companies. It is now the 
largest single oil producer in the country153.  

In an effort to address some of the foreign investment barriers in specific activities, 
the Indonesian government began streamlining energy regulations and permits in 
2017 to encourage public- and private-sector investment in the energy sector. By the 
end of 2018, 186 regulations and permits deemed to introduce barriers to energy 
sector investment had been revoked or annulled154. Some of the newer regulations 
provide tax incentives and holidays (5-20 years) for investment in refinery 
infrastructure, also now considered a “Pioneer Industry”155.  

Although once a main source of income for Indonesia, the share of oil (and gas) 
revenues in the country’s GDP declined significantly from 14% in 2014, to just 2.8% in 
2016. Short lived oil price increases in 2017-2018 improved this level, but with 
constrained prices expected for the foreseeable future, Indonesia cannot rely on the 
industry for GDP support156. 

This context, along with low international oil prices has encouraged Indonesia to 
prioritize development of its gas sector, including investment in unconventional gas157. 
Although oil and gas reserves have been important to Indonesia’s economy as sources 
of energy, industrial raw materials and foreign exchange, it is projected to decline as 
manufacturing and other industry capacity increases in the next 20-30 years158. 

As Indonesia’s as oil production continues to decline consumption is expected to fall 
further through 2050 by 2.3% CAGR, thereby weakening the country’s energy security 
and self-sufficiency159. Demand will therefore remain higher than domestic 
production over the period, with crude oil imports increasing at a CAGR of 3.5% from 
26 Mtoe in 2016 to 84 Mtoe in 2050. Pertamina plans to use EOR in the Rokan oil field 

 
150  USITA 
151 ADB Dec 2020 
152 Some of these policies include local content requirements, compulsory standard certification, foreign worker 

permit limitations, increasing import duty, tightening import inspections – designed to keep SOEs as the 
dominant players in the industry. (USITA) 

153 ADB Dec 2020 
154 APEC Outlook 
155 These regulations include Ministry of Finance (MOF) regulations No. 150/PMK.010/2018 (“PMK-150”), No. 

35/2018, Government Regulation No.1/2007 (GR No.1), and Investment Law No. 25/2007, as amended in 2008 
and 2011.  

156 Oil and Gas in Indonesia. Investment and Taxation Guide, 10th Edition (Sept 2019). PWC. 
157 U.S. International Trade Administration (ITA) webpage for Indonesia 
158 APEC Outlook 
159 APEC Outlook 

https://www.trade.gov/energy-resource-guide-indonesia-oil-and-gas
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in Sumatra to increase production by 500,000 barrels per day in 2024, equivalent to 
25 Mtoe per year160.  

The National Energy Plan (NEP)161 sets development priorities for domestic energy 
resources, and aims to transform the primary energy supply mix by mandating the 
following shares up to 2050: 

▪ Oil - < 25% in 2025; < 20% in 2050. 

▪ Coal - ≥ 30% in 2025; 25% in 2050. 

▪ Natural Gas: ≥ 22% in 2025; 24% in 2050. 

▪ New low-carbon energy sources and renewables: ≥ 23% in 2025; 31% in 
2050. 

Pertamina is also the dominant player in the downstream oil sector in the country162. 
Indonesia hosts nine refineries with a total capacity of 1.2 million barrels of oil 
produced a day.163 Although the market was formally liberalized in 2001, Pertamina 
and its subsidiaries continue to dominate most of the downstream sector. The 
combined installed capacity of the nine refineries is only 1.1 million barrels per day; 
Indonesia therefore imports significant amounts of refined products to meet demand. 
Pertamina has planned several refinery expansion programs to increase capacity. The 
Refinery Development Master Plan (RDMP) and New Grass Root Refinery (NGRR) 
programs, six oil refineries164 will be built or upgraded by 2025 with a total production 
capacity of 2 600 thousand barrels (0.36 Mtoe) per day (133 Mtoe per year)165. Plans 
for several new private-investment refineries are also under discussion, among others 
the Musi Banyuasin, Batam and Bojonegara refineries166. 

Aiming to stabilize the state budget, the Government is trying to reduce the fuel 
(gasoline) subsidy, limiting gasoline’s distribution and sales in developing regions, and 
replacing it with non-subsidized fuels such as Pertalite, Pertamax and Pertamina Dex. 
To promote more equal access to and distribution of affordable fuel, the Government 
prioritizes gasoline sales for the least developed regions and imposes the “One-fuel” 
price policy. The reduction in subsidized fuel sales has attracted several multinationals 
to enter the Indonesian non-subsidized fuel distribution market. Shell, ExxonMobil, 
Total and BP are all making investments in this sub-sector167. 

For industrial fuels, Pertamina is still the dominant player but other foreign and local 
players have increased their market share by importing industrial fuels168. Consistent 
with the overall rise in oil demand in the region, the share of oil in Indonesia’s FED 

 
160 APEC Outlook 
161 Last regulations related to the NEP are Government Regulation No. 79 of 2014, and Presidential Regulation 
No. 22/2017 (related to managing the NEP). (APEC Outlook 2019) 
162 ADB Dec 2020 
163 ADB (Dec 2020) 
164 These include, among others, Cilacap, Dumai, Balongan, Balikpapan (RDMP), Tuban and Bontang (NGRR) 

refineries. PWC 2019. 
165 APEC Outlook 
166 Oil and Gas in Indonesia. Investment and Taxation Guide, 10th Edition (Sept 2019). PWC.  
167 PWC 2019 
168 Oil and Gas in Indonesia. Investment and Taxation Guide, 10th Edition (Sept 2019). PWC.  
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remains stable from 2000 to 2050 (~39%), but the actual volume more than doubles 
from 67 Mtoe in 2016 to 145 Mtoe in 2050. 

Energy demand in the non-metallic minerals and chemicals subsectors is projected to 
increase more than eight times over the Outlook period, from a combined 9.0 Mtoe 
in 2016 to 73 Mtoe by 2050. Energy demand in non-metallic mineral production has 
the highest growth rate over the Outlook period (7.2% CAGR), driven mainly by rapid 
infrastructure development, building construction and growing export markets. 

In 2018, Indonesia exported cement and clinkers to neighboring economies, including 
Bangladesh, Malaysia and Viet Nam. Energy demand in the chemical sector grew at a 
CAGR of 8.5% between 2000 and 2016 and more than triples over the Outlook, from 
3.4 Mtoe (8.5% of total industrial demand) in 2016 to 13 Mtoe (10%) in 2050. 

Major demand for chemical production comes from olefin plant steam crackers and 
plants that produce ammonia and other compounds to manufacture fertilizers which 
are used by the domestic agriculture and plantation industries. As seem in Appendix 
Figure B.3, the contribution of oil ad an industry feedstock also continues to grow up 
to 2050.  

Appendix Figure B.3: Indonesia: Industry final energy demand by subsector and fuel, 

2000-50 

 

Source: APEC analysis and IEA (2018a) 

 
The chemical and petrochemical subsector is the largest gas consumer (98% share of 
total industrial gas demand) as new petrochemical plants are being constructed or 
under planning. Construction of the USD 3.5 billion Lotte Chemical Indonesia new 
ethylene (LINE) project is scheduled to begin operations in 2023 producing ethylene 
cracker and other chemical products169. Energy demand for the ammonia industry will 
also grow to meet the increased demand for chemicals and fertilizers in domestic and 
export markets.  

 
169 APEC Outlook – also references Tani, 2018 
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Transport demand more than doubled between 2000 and 2016 and continues rising 
at a CAGR of 2.5% to 106 Mtoe (27% of FED) in 2050. Road transport accounts for the 
majority of domestic transport consumption: 88% of the 2016 total, and 84% in 2050. 
Demand for gasoline is projected to increase at 9.3% CAGR and remains the most-used 
fuel in the transport sector by 2050, representing 44% of all fuels consumed. Energy 
demand for air and rail transport is small in comparison but growth is strong (CAGR 
3.3-3.5%) to 2050.  

The government is encouraging domestic electric vehicle (EV) production in order to 
reducing oil consumption, local air pollution and carbon dioxide (CO2) emissions in the 
transport sector. However, even in the 2DC scenario, EVs account for only 1.0% of 

total transport fuel demand savings in 2050. 

Industrial and power facility own-use energy consumption is projected to increase at 
2.2% CAGR from 10 Mtoe in 2016, to 21 Mtoe in 2050, due to a strong rise in electricity 
generation and refining activities. Energy own-use in refining activities accounts for 
the highest share in 2050 (37%), followed by oil and gas extraction (31%), and 
electricity generation (16%)170. 

The projections described in this section illustrate a Business-as-Usual (BAU) scenario 
that represents Indonesia’s current energy demand and supply trends as well as policy 
commitments. The projections under the two APEC-modeled alternatives are the:  

▪ Target (TGT) Scenario modelled to support the APEC region’s two 
aspirational (and non-binding) goals to: a) reduce energy intensity by 45% 
by 2035 (from the 2005 level); and b) double the share of renewables in the 
region’s energy mix, including in power generation, by 2030 (from the 2010 
level), and.  

▪ The 2-Degrees Celsius (2DC) Scenario is the most ambitious of the three 
scenarios in terms of increasing renewables deployment while pursuing 
efforts to reduce both energy intensity and CO2 emissions.  

GHG / Carbon Emissions and Fuel Cost Projections 

CO2 emissions increase under all three scenarios, although growth is much more 
moderate in the 2DC. The NDC171 is achieved under all three scenarios. 

 
170 APEC Outlook 

171 NDC CO2 emissions level is constrained to 1,355 MtCO2 by 2030. 
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Appendix Table B.2: Indonesia: CO2 Emissions and Final Energy Demand Projections 

(2020-2050) 

  2020 2030 2050 

Emissions  

(MtCO2) 

BAU 489 MtCO2 
(2016) 

 1,245172 

    

CO2 Emissions  

(% growth) 

 

FED  
(% lower than BAU) 

BAU 2.6% CAGR 155% increase from 2016 

TGT 2.0% CAGR 1052 MtCO2 (approx.)  

CO2 emissions 15% lower by 2050 than 
BAU;  
FED 16% lower than BAU 

2DC xx% CAGR 526 MtCO2  

7.7% higher than in 2016;  

58% less than under the BAU;  
FED 29% lower than BAU 

Source: APEC Outlook 2020 

 
The greatest cumulative energy demand reduction (FED) is in the transport sector 
(18%), followed by buildings (8.5%) and industry (6.5%). Higher efficiency in the 
transport sector results from a wider adoption of fuel efficiency regulations for 
internal combustion engines (ICEs) (gasoline and diesel engines) and an improved 
public transport system. EV adoption also reduces transport sector energy 
consumption.  

Industry sector demand in the 2DC remains strong and continues to increase from 40 
Mtoe in 2016 to 112 Mtoe in 2050 (but 13% less than in the BAU). The non-metallic 
minerals subsector accounts for the largest reduction (5.1%), followed by chemical 
and petrochemical (1.8%). These FED reductions are achieved through more 
aggressive deployment of more efficient furnaces for new iron and steel plants, and 
fuel substitution from coal to biomass. The installation of more advanced technology 
in the cement industry173 and carbon capture and storage (CCS) in petrochemicals 
would reduce CO2 emissions from ammonia production. 

Indonesian energy spending is dominated by transport and buildings in all three 
scenarios—mostly for fuel expenditures. Total investment in the TGT and 2DS is 
marginally lower than in the BAU (by 3 billion USD) as increased capital expenditure 
on transport and buildings is partially offset by fuel savings obtained from more 
efficient road transport vehicles. 

In the BAU scenario fuel costs more than double capital investments through 2050 
(USD 3,190 billion compared with USD 1,653 billion), 83% of which is consumed by the 
buildings and transport sectors. Fuel costs in the TGT scenario are 17% lower than in 

 
172 This level is still considerably below the 2030 level stipulated in Indonesia’s unconditional NDC. (APEC Outlook) 
173 This technology includes equipment such as six-stage preheaters and pre-calciners that reduces the clinker-to-
cement production ratio. (APEC Outlook) 
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the BAU and 32% lower in the 2DC plan. These savings are gained mainly in the 
transport sector, with marginal savings in supply, electricity and industry fuel costs.  

These critical efficiency improvements help to offset the increased fuel costs due to 
expanding oil imports over the period. Greater import volumes also threaten security 
of supply as the economy becomes increasingly reliant on crude oil imports to meet 
domestic demand across all scenarios. Crude oil imports increase by three times in the 
BAU, (from 8.7 Mtoe in 2016 to 66 Mtoe in 2050) and are four and half times higher 
than in 2016 in the 2DC (to 39 Mtoe in 2050).  

Like for FED and fuel costs, the largest savings in CO2 emissions occur in the transport 
sector. Transport accounts for 61% savings in the 2DC compared with the BAU, 
followed by buildings (40%) and industry (30%). Transport CO2 emissions are 160 
MtCO2 lower in 2DC 2050 scenario than in BAU. These reductions in CO2 emissions 
from rail, public transport, LDVs, and 2/3-wheelers come from the wide use of 
biodiesel for public transport and rail systems, the integration of fuel-efficient ICEs, 
and EV deployment. 

CCS is projected to capture a total of 874 MtCO2 (18% of CO2 emissions from the 
electricity sector) in the 2DC scenario. With support from industry and international 
organizations such as the ADB, World Bank, and Global CCS Institute, Indonesia has 
become relatively more advanced in CCS development compared with other 
developing economies in the region. There is the possibility of expanding the current 
CCS demonstration project of the Merbau Gas Gathering Station to a CCS-EOR system. 
This is expected to improve the financial viability of installing CO2 capture in mine-
mouth coal power plants and utilizing the captured CO2 to increase oil production in 
the depleted oil reservoirs in South Sumatra174. 

B.3 Vietnam 

Oil Supply and Demand 

Vietnam is South East Asia’s third largest oil and gas producer. In 2017 its exports of 
crude oil reached 6.8 million tons, a value of US$2.87 billion175. Nearly all of Vietnam's 
proven crude oil and natural gas reserves lie offshore in 7 basins, 5 of them currently 
under development. Potential for reserves is considered high, around 4.4 billion bbl, 
but costly to extract due to the depths of the reservoirs in the South China Sea176. 
Crude oil has been a major energy export and contributed significantly to GDP, but is 
falling. Crude oil exports comprised 12% of GDP in 2014, 7.1% in 2015, and just 3.7% 
in 2016 due to falling global oil prices and maturing of the Cuu Long Basin. In the 
2015/2016 5-year plan the government targeted an annual crude production rate of 
10-15 Mt in 2016-2020, and just 5-12 Mt in the 2021-2035 period177. 

The oil and gas industry are dominated by PVN Group which is the only local company 
with access to the country’s reserves, and acts as the sole local partner in PSCs, JOCs 
and JVs in Vietnam178.  

 
174 APEC Outlook – also references Atmo et al, 2019. 
175 https://www.ukabc.org.uk/wp-content/uploads/2019/07/Energy-Sector-Update-April-2019.pdf  
176  IOP Publishing article 
177 APEC Energy Supply and Demand Outlook, 7th Edition. 2019. 
178 PVN ppt 

https://www.ukabc.org.uk/wp-content/uploads/2019/07/Energy-Sector-Update-April-2019.pdf
https://iopscience.iop.org/article/10.1088/1755-1315/43/1/012094/pdf
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Because energy demand has risen along with GDP, population and income growth, 
Viet Nam became a net energy importer in 2015. Crude oil has been an important but 
decreasing export in the past few years, and Viet Nam has been importing most of its 
petroleum products since 2009, mostly from Singapore, Malaysia, Korea, China and 
Chinese Taipei / Taiwan179. APEC import projections for Viet Nam vary according to 
decarbonization scenarios: strong growth of 2.7% CAGR up to 2050 in a Business-as-
Usual (BAU) scenario but a decrease of -1.1% CAGR over the same period in the most 
aggressive Two (2) Degrees Celsius (2DC) scenario 180.  

In terms of energy security, oil exploration and production are dependent on the 
global market pricing; when imports are inexpensive, they are preferred over 
domestic production. In all three APEC forecast scenarios, production is less than TPES 
and Viet Nam is reliant on imported fuels and electricity. The gap is less under the 
lower-demand 2DC scenario, which means that energy security (measured as primary 
energy self-supply) is higher under the 2DC than in the other two scenarios (Appendix 
Figure B.4) 181. 

Appendix Figure B.4: Vet Nam: Energy security indicators under the BAU, TGT and 

2DC 

 

Source: APEC Analysis 

 
Although not a member of the IEA, Viet Nam complies with the IEA treaty obligation 
of ensuring that emergency oil stocks equal 90 net-import days by 2020 (Government 
Decision No. 1030 of 2017). The economy also stockpiles enough petroleum products 
to meet energy demand for 30 days, with volumes amounting to 1.6 Mt by 2020 and 
2.0 Mt by 2025182. 

Vietnam has total refining capacity of about 150,000 b/d, most of which comes from 
PVN’s Dung Quat Refinery, meeting around 34% of local daily consumption of 378,000 
b/d. The project is being expanded to increase its capacity up to 190,000 b/d by 2021. 
The second oil refinery, Nghi Son Refinery started construction in October 2013 in 

 
179 APEC Energy Supply and Demand Outlook, 7th Edition. 2019. 
180 APEC Energy Supply and Demand Outlook, 7th Edition. 2019. 
181 APEC Energy Supply and Demand Outlook, 7th Edition. 2019. 
182 APEC Energy Supply and Demand Outlook, 7th Edition. 2019. 
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Thanh Hoa which is scheduled for completion in 2018. The US$9 billion plant with 
capacity of 200,000 b/d will meet 40% of Vietnam’s forecast domestic demand for 
petroleum products183.  

Viet Nam looks toward energy efficiency measures, coupled with lower population 
and GDP growth, to help curb energy demand growth over the 2016-50 period. 
Industry is the highest-consuming sector, accounting for 41% of FED in 2016 and 39% 
in 2050 (Figure 21.1Figure 21.1). With these measures, final energy intensity per GDP 
steadily decreases year on year, from 110 tonnes of oil equivalent (toe) per million 
USD in 2016 to 45 toe per million USD in 2050, much closer to the APEC average (38 
toe per million USD) 184.  

As the economy grows, increasing liquid fuel demand resulting in greater refinery 
capacity and hence higher crude oil use. After coal, crude oil and petroleum products 
are the second most important energy source (33%), driven by end-user demand, 
especially in transport.  Viet Nam’s transport FED is dominated by domestic demand 
(88% in 2016 and 85% in 2050); the rest is oil used in international aviation and 
maritime transport. Domestic transport demand is expected to increase sharply (3.7% 
CAGR) through 2050, which is double the rate of industry. Road transport accounts for 
almost all (97%) of domestic transport energy demand and is 95% dependent on oil 
and petroleum products throughout this period. Aviation fuel demand is also expected 
to grow rapidly (CAGR of 4.5% for international and 3.7% for domestic demand) as 
Viet Nam aims to position itself among the top four Association of Southeast Asian 
Nations (ASEAN) economies in terms of aviation activities by 2030185.  

GHG / Carbon Emissions and Fuel Cost Projections 

With energy-related emissions of 187 MtCO2 in 2016, Viet Nam accounted for only 
0.91% of total APEC CO2 emissions. The country’s first Nationally Determined 
Contribution (NDC) to the COP21 Paris Agreement (adopted in 2016) aims to reduce 
greenhouse gas (GHG) emissions in 2030 by 8%, compared with a business-as-usual 
projection of 787 million tonnes of carbon dioxide (MtCO2) for the same year. 
Contributing sectors including energy, agriculture, waste, and LULUCF (land use, land 
use change and forestry). Achieving these reductions, however, requires receiving 
international support for investing in CO2 reduction technologies and projects. 
Beyond the COP21 targets, the government has also set a more ambitious 25% 
reduction target.  

All three scenarios achieve the voluntary NDC reduction target of 8% in which emission 
intensity per unit of GDP will be reduced by 20% by 2030.  

 
183 https://www.ukabc.org.uk/wp-content/uploads/2019/07/Energy-Sector-Update-April-2019.pdf  
 

184 APEC Energy Supply and Demand Outlook, 7th Edition. 2019. 
185 APEC Energy Supply and Demand Outlook, 7th Edition. 2019. 

https://www.ukabc.org.uk/wp-content/uploads/2019/07/Energy-Sector-Update-April-2019.pdf
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Appendix Table B.3: Vietnam CO2 Emissions and Final Energy Demand Projections 

(2020-2050) 

  2020 2030 2050 

Emissions  

(MtCO2) 

BAU 230 306 464 

    

CO2 Emissions  

(% growth) 

 

FED  
(% lower than BAU) 

BAU 2.6% CAGR Increase 2x over the period 

TGT 2.0% CAGR 17% lower by 2050 than BAU  
(FED 10% lower than BAU) 

2DC -0.4% CAGR 38% lower than BAU (total 
reduction of 4.3 Gt);  
12% less than 2016 total;  
FED 19% lower than BAU 

Source: APEC Outlook 2020 

 
Total energy investments over the period are projected at USD 1 656 billion in the 
BAU. Within demand investment, USD 99 billion is needed in transport to deploy more 
advanced and efficient vehicles, and for refueling stations. In the BAU, fuel costs (USD 
1 099 cumulatively) almost double the capital investment, with half of total 
expenditures in transport (USD 592 billion) (Figure 21.12). 

In the TGT scenario, fuel efficiency measures and improved public transport reduce 
fuel costs by 15% (to USD 935 billion). Energy intensity still remains 1.2 times higher 
in 2050, almost identical to the BAU. Supply-side investment under the TGT (USD 144 
billion) also decreases by 10% compared with the BAU.  

Under the 2DC, total investments fall to USD 1,363 billion (87% of the TGT amount); 
USD 327 billion is saved in fuel costs compared with the BAU with additional growth 
in electric vehicles, stricter fuel economy standards, and limiting the construction of 
new commercial buildings. CD2 also requires more efficient and smarter transport 
systems, and the installation of CCS in the industry and power sectors. The additional 
fuel savings achieved under the 2DC result in the lowest costs and CO2 emissions of 
all three scenarios186. 

For its part in reducing carbon emissions, PVN’s plans in the short term (2021 to 2025) 
to conduct an analysis of key issues and barriers for development of CCUS and propose 
policies to support CCUS in Vietnam; conduct feasibility studies of potential CCUS 
projects integrated with PVN’s energy transition plan; and develop a CCUS roadmap 
for implementation187.  

 
186 APEC Outlook 
187 PVN ppt 2021 
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B.4 Malaysia 

Oil Supply and Demand 

Malaysia, a traditional energy exporter in the form of crude oil and natural gas (a total 
of 57Mtoe in 2016, a 4.8% increase over 2015), faces rising energy needs due to its 
fast economic growth (35% from 2010 to 2016). Subsequently, its energy imports have 
grown at a higher rate than its exports (8% from 2015 to 2016). 

Most of Malaysia’s energy exports growth in the year 2016 came from oil products 
(from 10 Mtoe in 2015 to 12 Mtoe in 2016) mostly in the form of crude oil and gas, 
while crude oil has been driving the growth in imports (from 8.4 Mtoe in 2015 to 11 
Mtoe in 2016). 

Malaysia’s proven oil reserves were 3.6 billion barrels in the year 2017, of which 
approximately two-thirds are in East-Malaysia, and the rest in Peninsular Malaysia.  

The country has only recently begun emphasizing Demand Side Management. Final 
Energy Demand is expected to rise from 52 Mtoe to 89 Mtoe in 2050, with oil demand 
projected to grow at the highest rate of all fuels, in transport (41% of the share in 
2016, with high growth expectations), industry (24%, with modest growth 
expectations) and buildings (17% in 2016, with moderate growth expectations). 

Growth in oil demand for transport are in the form of diesel and gasoline fuels. Fossil 
fuels will continue to be the preferred fuel for electricity generation and may also drive 
oil consumption. For 2050, oil is expected to continue being the primary fuel (43%). 

Malaysia has five refineries, all in Peninsular Malaysia, with a capacity of 566 000 bbl 
per day (28 Mtoe per year). Despite this capacity, thought to be enough to meet local 
demand, Malaysia continues to import a significant amount of petroleum products (15 
Mtoe), which is still less than 12 Mtoe it exports in petroleum products. It is therefore, 
a net importer of petroleum products. 

One of the most important investments of the recent years is the Pengerang 
Integrated Petroleum Complex (PIPC), that aims to be a cornerstone in a dynamic 
downstream oil and natural gas industry, housing oil refineries, naphtha crackers and 
petrochemical plants, as well as an LNG regasification terminal. Ultimately, this should 
double the chemical subsector energy demand (from 1.5 Mtoe in 2016 to 2.7 Mtoe in 
2050). 

State-owned PETRONAS has invested in a new refinery complex, called RAPID, with a 
capacity of 300 000 bbl per day (15Mtoe per year), allowing it to reach a national 
capacity of 38 Mtoe by 2020. 

Despite growing dependency on oil in absolute numbers, primary energy production 
is thought to peak in 2029 at 103 Mtoe (40Mtoe of oil), down to 81 Mtoe by 2050, as 
total fossil fuel production drops to 68Mtoe, some of the fall being compensated by 
renewables. 

GHG / Carbon Emissions and Fuel Cost Projections 

Relative to the BAU scenario, under the TGT scenario, FED is 12% lower, while CO2 
emissions are 14% lower. Under the 2DC Malaysia’s FED would 28% lower, whereas 
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the CO2 emissions are 55% lower. The share of renewables in TPES is 2% higher in the 
TGT, whereas it would be 6% higher in the 2DC scenario, all for 2050. 

Appendix Table B.4: Malaysia CO2 Emissions and Final Energy Demand Projections 

(2020-2050) 

  2020 2030 2050 

Emissions  

(MtCO2) 

BAU 219.4 269.7 324.3 

    

CO2 Emissions  

(% growth) 

 

FED  
(% lower than BAU) 

BAU 1.4% CAGR ~50% increase over the period 

TGT 0.7% 14% lower by 2050 than BAU  
FED 12% lower than BAU 

2DC -1.3% 55% lower than BAU;  
FED 28% lower than BAU 

Source: APEC Outlook 2020 

 
To achieve the TGT scenario, deployment of advanced vehicles such as hybrids, plug-
in hybrids and electric (fuel cell or battery) vehicles is essential for improving 
transportation efficiency. The building and industry sector must each consume less 
energy (1.5Mtoe each) as well, through the introduction of stronger building and 
electric appliance regulations in the building sector and wider deployment of the best 
available technology in industry. 

Malaysia’s most cost-effective sector to decarbonise is the power generation sector; 
with fossil fuels accounting for only 48% of generation capacity in the 2DC, as opposed 
to the 64% in the BAU (62% in the TGT). This would be achieved by first shifting from 
coal to gas, then hydro and bioenergy. 

Under the BAU scenario, total energy investment amount to USD 1 627 billion until 
2050, with 49% being in the transport sector, the second largest share of the spending 
(19%) being allotted to the upstream activities, including fossil fuel exploration and 
production. 2.3% would be invested in refineries, and 5.0% in electricity. 

Under the TGT scenario, total investment decreases by 2.4% (USD 40 billion). Fuel 
costs would decrease by USD 48 billion (7.2%) relative to BAU on increased biomass 
consumption. Under the 2DC scenario, overall investment would increment by 0.55% 
(USD 8.9 billion) over the BAU. Capital expenditures increase by USD 87 billion, with 
significant investments in buildings, power and supply (specifically new LNG 
terminals). Fuel expenditures decrease by USD 78 billion compared to the BAU, leaving 
a net cost of USD 8.9 billion. The fuel savings in 2DC are not enough to offset the capital 
expenditures.  

Malaysia’s NDC (Nationally Determined Contribution) – policy action to support the 
Paris Agreement – pledges to reduce GHG emissions by 45% from the 2005 level by 
2030. 35 percent points are pledge unconditionally, whereas the remaining 10 are 
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conditional on receiving climate financing, technology and transfer and capacity 
building from developed countries. 

Both unconditional and conditional targets are achieved in all three scenarios 
mentioned by 2030, although only barely in the BAU; reaching 330 MtCO2 in 2050. 
Under the TGT scenario emissions would be as high as 282 MtCO2 and under the 2DC 
scenario 150 MtCO2 (55% of the BAU scenario). 
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Appendix C: Crack Spread Profitability Example 

The average refinery follows what is known as the 3-2-1 crack spread. This means that for 
every three barrels of oil used as input, the refinery produces an equivalent two barrels of 
gasoline and one barrel of distillate fuels (diesel and heating oil). Below is an example of how 
to calculate the crack spread, using data from 2012. 

 

First, assume the following prices:  

 

• Oil Price: $84.54/barrel 

• Gasoline Price: $2.57/gallon 

• Heating Oil Price: $2.79/gallon 

 

In this scenario, 3 barrels of crude oil to serve as input would cost 3 x $84.54 = $253.62.  

 

Since 1 barrel is equivalent to 42 gallons, the refiner could produce $215.88 worth of gasoline 
(2 barrels X 42 gallons per barrel X $2.57/gallon of gasoline) and $117.18 worth of heating oil 
(1 barrel X 42 gallons per barrel X 2.79/gallon of heating oil).  

 

This would result in a profit for the refiner of ($215.88 + $117.18) - $253.62 = $79.44. 

Given that the refiner used 3 barrels of crude oil, the crack spread in this scenario is 
$26.48 per barrel ($79.44/3 barrels). 
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Appendix D: The Market Environment for CCUS 

This section analyzes the market environment for CCUS at refineries, focusing on two 
of the biggest potential commercial drivers of CCUS, namely, the demand for and price 
of oil (Section D.1), and the price of carbon emissions established in markets or by 
regulatory action (Section D.2). The final section (4.2) describes the status of CCUS 
projects in select DMCs. 

D.1 Oil Demand 

World oil markets are rebalancing after the Covid-19 crisis spurred an unprecedented 
collapse in demand in 2020.  

A rapid and somewhat sustained fall in demand due to the global coronavirus (COVID-
19) pandemic and stronger government initiatives to move towards lower-carbon 
economies have caused a downward shift in expectations for global oil demand in the 
coming years. This is true in almost all regions of the world except in developing Asia. 
According to the IEA Oil 2021 report, Gross Domestic Product (GDP) in the Asia Pacific 
region suffered the least negative impact during the 2020 pandemic period, falling 
only 1.8%, compared to the global average of -3.9%. In contrast, India’s GDP took a -
7.6% hit, while the European Union fell by 6.9%. 

Crude Oil Demand Outlooks 

Demand growth for the next five years is dominated by the Asia Pacific region which 
comprises 90% of the total increase. Although Africa is expected to experience a 
similar growth in percentage terms (1.7% in Africa, and 1.6% in Asia), demand volumes 
in Africa are much lower than in Asia. Table XX shows the oil demand data.  

Oil demand in China has buoyed the 2020 demand in the Asia Pacific region and is 
expected to continue to be a key driver in 2021. Despite the pandemic, consumption 
and imports increased in 2020 due mainly to the purchase of reserves for storage at 
the low, opportunistic prices.  China’s 2.0% GDP growth in 2020 is expected to further 
rebound by 7% in 2021. This level of GDP expansion may drive oil consumption growth 
by 3-4% or by 0.5-0.6mmbpd, excluding additional oil imports for storage.188  

Appendix Table D.1: Global Oil Demand by Region (mb/d) 

Source: International Energy Agency 

 

 
188 Industry Insights: Oil. DBS Group Research. January 2021 (Development Bank of Singapore) 
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Despite demand recovery in the post-COVID period, the economic shocks of 2020 
were strong enough to keep global demand expectations from returning to pre-COVID 
levels. IEA and IMF forecasts are shown in Appendix Figure D.5. 

Appendix Figure D.5: IEA and IMF Oil Price Forecasts 

  
Source: IEA 2021 

 
Still, at these lower levels of oil demand growth, the global industry will remain above 
demand levels needed to reach sustainable development and net-zero emissions 
targets established by the World Economic Outlook 2020, as illustrated in Appendix 
Figure D.6. 

Appendix Figure D.6: Global Oil Demand and Emissions 

 

Source: IEA 2021, WEO 2020 

 
Global oil demand would have to fall by 10% to over 20% by 2025 to meet those 
targets, and even further by 2030. This outlook puts additional pressure on the 



 

38 
 

countries in the Asia Pacific region to take action to mitigate greenhouse gas 
emissions, including carbon dioxide (CO2) and methane (CH4), among others. 

Alternative fuels demand on the other hand, is expected to continue to grow at a 
faster pace than traditional refinery products. Over the last 10 years, demand growth 
for such fuels has consistently at 5%, while for traditional refinery fuel demand has 
grown at just 1%189. This reflects stronger demand growth for natural gas liquids like 
propane and butane, as well as other alternative fuels such as coal-to-liquids, gas-to-
liquids and bio-fuels. End-use demand share for these fuels was 15% in 2019, having 
grown from just 5% in 1985190. This trend is expected to continue with the adoption 
of natural gas liquids in petrochemical production and bio-diesels in blending. 

Short-term global oil demand is expected to be from transportation fuels as travel 
resumes following the lifting of COVID-19 restrictions. In the medium term, however, 
the petrochemical sector will dominate oil demand growth. Through 2026, Ethane, 
LPG and naphtha together account for 70% of the projected increase in oil product 
demand compared to 2019191

. The use of these products as feedstock for the 
petrochemical industry will increase in line with global economic growth and rising 
plastic demand. The refining industry was forced in 2020 to shut down capacity due 
to the dramatic fall in demand, and it is expected to continue to shutter up to 3 million 
barrels/day of capacity, after the initial 2 million barrels/day of plant closure. With 
this, refinery utilization rates will rise back to 2019’s level of 82%.192

 

The IEA expects a utilization rate for existing of petrochemical plants capacity slightly 
below 85%, with new capacity having even lower utilization rates (70% to 80%). These 
rates will fluctuate with demand trends, especially for demand of plastics. LPG and 
ethane demand growth will be dominated by the United States and China. Naphtha 
demand growth is expected to be from India and Russia where new crackers are 
expected to be commissioned before 2026, as well as from China. A selected list of 
new planned petrochemical capacity provided by the IEA shows the following for the 
Asia Pacific region (Appendix Table D.2).  

Appendix Table D.2: Selected Petrochemical Cracker Additions Planned in Asia Pacific 

Project Country 

Nameplate 

Capacity  

(‘000 t/y) 

Feedstock / Maximum 

Demand (kb/d) 
Year 

HPCL-Mittal Energy 

Limited (HMEL)  
India 1200 

Naphtha – Kerosene / 
97 

2022 

PT Lotte Chemical 

Titan  
Indonesia 1000 Naphtha / 81 2023 

SINOPEC Gulei JV  China 800 Naphtha / 65 2022 
PetroChina  China 600 Naphtha / 48 2025 
PTTGC Cracker 5 Thailand 525 Naphtha – LPG / 40 2022 
Lotte-Hyundai South Korea 750 Naphtha – LPG / 57 2022 

 
189 Bloomberg Intelligence, December 2020. https://www.bloomberg.com/professional/blog/asia-pacific-oil-

refining-2021-outlook-global-closures-have-just-started/ 
190 Bloomberg Intelligence, December 2020. https://www.bloomberg.com/professional/blog/asia-pacific-oil-

refining-2021-outlook-global-closures-have-just-started/ 
191 IEA 2021, Oil Market Report. 
192 Bloomberg Intelligence, December 2020. https://www.bloomberg.com/professional/blog/asia-pacific-oil-

refining-2021-outlook-global-closures-have-just-started/ 
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GS Caltex Cracker South Korea 700 Naphtha / 56 2023 

Source: IEA 2021 

 
Public health concerns in the last year have driven demand for single use plastics. 
There is, however, global momentum for the ban of such plastics, increased recycling 
targets, and other innovative plastic technologies. In the medium term, these 
initiatives are expected to have a moderate impact on overall plastics consumption. 
To slow global petrochemical demand growth by one-third, governments would have 
to take more stringent measures to ban single-use plastics and nearly double the 
plastics collection rate from 16% in 2020 to 28% by 2026193. 

 

Crude Oil Price Scenarios  

Volatility marked the 2020 oil market due to the uncertainties around the COVID 
pandemic, and the increasingly firm commitments that governments and companies 
began to take toward the energy transition. Added to this, as a result of failing to agree 
on production cuts Russia and Saudi Arabia engaged in a price war flooding the market 
with supply. At the most uncertain of times, oil prices fell to a 22 year low of $9.12 per 
barrel194, and West Texas Intermediate (WTI) futures fell to below zero on 20 April 
2020195.  Recovering to $52 USD by the end of the year. This price stabilization was due 
in part by OPEC+ members’ agreement to cut production for the near-term outlook, 
and to the positive expectations of COVID-19 vaccine rollout in 2021.  

Various forecasts for short (1-2 year) and long term (10+ year) prices differ according 
to demand scenarios considered. More conservative projections expect a significant 
increase in energy transition investment that will suppress demand and therefore 
prices for traditional fossil fuels in electricity production (in favor of renewable energy 
resources) and transportation segments (both in ground passenger transport through 
an increase in electric vehicles, and in the transition to cleaner fuels in the freight and 
shipping industries). Appendix Table D.3 compares short- and medium-term oil price 
forecasts from different sources. Appendix Table D.4 compares long-term forecasts. 

Appendix Table D.3: Short- and Medium-Term Oil Price Forecasts 

 2021 2022 2023 2025 2030 

BRENT CRUDE OIL PRICE FORECASTS 

EIA196 60.67 58.51 -- -- -- 

OECD197 40.50 -- -- -- -- 

EUROPEAN 

COMMISSION198 

56.10 
-- -- -- -- 

IMF199 47.97 49.58 50.85 52.99 -- 

 
193 IEA 2021, Oil Market Report. 

194 https://knoema.com/yxptpab/crude-oil-price-forecast-2021-2022-and-long-term-to-2050 
195 https://knoema.com/yxptpab/crude-oil-price-forecast-2021-2022-and-long-term-to-2050 
196  U.S. Short Term Energy Outlook, March 2021 
197 Economic Outlook No 107 - June 2020 
198 European Economic Forecast, LATEST UPDATE (2/15/2021) 
199 IMF: World Economic Outlook (WEO) Database, October 2020 

https://knoema.com/EIASTEO2021MAR
https://knoema.com/EO107_INTERNET
https://knoema.com/ECECOFORE2019
https://knoema.com/IMFWEO2020Oct
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 2021 2022 2023 2025 2030 

DBS200 
55.00-
60.00 

60.00-
65.00 

-- -- -- 

BLOOMBERG 55.39     

WEST TEXAS INTERMEDIATE (WTI) CRUDE OIL PRICE FORECASTS  

EIA201 57.24 54.75 -- -- -- 

IMF202 44.85 45.78 46.57 48.14 -- 

AVERAGE SPOT PRICES FOR UK BRENT, DUBAI, AND WEST TEXAS INTERMEDIATE (WTI) 

WORLD BANK203 44.00 50.00 52.15 56.72 70.00 

IMF204 46.70 48.09 49.21 51.16 -- 

 
Appendix Table D.4:: Long Term Oil Price Forecasts (USD per barrel) 

 2021 2025 2030 2035 2040 2050 

NEB205 - BRENT CRUDE 

REFERENCE SCENARIO 
45.00 70.00 75.00 75.00 75.00 75.00 

EVOLVING SCENARIO 43.00 52.60 55.00 55.00 54.17 50.00 

BRENT CRUDE OIL FUTURES BY 

CONTRACT YEAR206 
40.58 50.61 53.62  

(2028) 
-- -- -- 

EIA207 64.69 79.24 98.29 120.47 146.04 214.28 

DELOITTE / CANADA208…       

BRENT SPOT PRICE 50.00 66.55 73.50 81.15 89.60 2% 

AVERAGE WTI SPOT PRICE 46.00 62.25 68.70 75.85 83.75  

AVERAGE OPEC BASKET 49.50 66.05 72.90 80.50 88.85  

NIGERIAN BONNY LIGHT 51.00 67.65 74.70 82.45 91.05  

ARABIA UAE DUBAI FETEH 49.00 65.50 72.30 79.85 88.15  

MEXICO MAYA 45.00 59.00 65.15 71.90 79.40  

RUSSIA URALS 49.50 66.05 72.90 80.50 88.85  

INDONESIA MINAS 47.00 63.30 69.90 77.20 85.20  

 

 
200 Industry Insights: Oil. DBS Group Research. January 2021 (Development Bank of Singapore)  
201 U.S. Short Term Energy Outlook, March 2021 
202 IMF: World Economic Outlook (WEO) Database, October 2020 
203 World Bank Commodity Forecast Price Data, October 2020 
204 IMF: World Economic Outlook (WEO) Database, October 2020 
205 Canada Energy Future 2020: Energy Supply and Demand Projections to 2050 
206 Commodity Future Contract Prices, Daily Update, www. investing.com/commodities  
207 EIA: Annual Energy Outlook 2021 

208 Deloitte. Price Forecast: Oil, Gas & Chemicals. 31 December 2020. www.deloitte.ca/priceforecast Quarterly 
price forecasts come from Deloitte work preparing independent reserve evaluations for companies that require 
reserve reports that adhere to the Canadian Oil and Gas Evaluation Handbook (COGEH) guidelines. In recent 
months, COGEH, which is maintained by the Calgary chapter of the Society of Petroleum Evaluation Engineers 
(SPEE), updated its guidance for generating price forecasts for use in evaluations. Deloitte adheres to this 
guidance. 

https://knoema.com/EIASTEO2021MAR
https://knoema.com/IMFWEO2020Oct
https://knoema.com/WBCFPD2020OCT
https://knoema.com/IMFWEO2020Oct
https://knoema.com/CAESD2020
https://knoema.com/ICCOMEODFPR
https://knoema.com/EIAAEO2021
http://www.deloitte.ca/priceforecast
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While these forecasts consider the overall global demand scenario, pricing in the Asia 
Pacific region may be affected by a higher level of demand than expected elsewhere 
in the world. 

D.2 Carbon Prices 

Without specific plans for a clean energy transition, and given the strong economic 
growth projected in ADB DMCs, CO2 emissions are expected to rise across the Asia 
Pacific region through 2050 under a Business-As-Usual (BAU) scenario, as shown in 
Appendix Table D.5209. Although the national totals for Vietnam, Malaysia, and 
Indonesia comprise relatively small percentages of APEC region totals, growth in 
absolute terms (MtCO2) is significant in each country. Fuel combustion in the energy, 
industry, and transport sectors account for most emissions, followed by energy use in 
buildings and land use changes. 

Appendix Table D.5: Annual CO2 Emissions (MtCO2)210 

 

Source: APEC 2020, ClimateActionTracker.org, Climate-Transparency.org 

 
Because of this expected intense growth of emissions, each country has determined a 
lower, Nationally Determined Contribution (NDC) emissions target under the Paris 
Climate Agreement. Countries have thus needed to develop a decarbonization plan 
that enables meeting these targets. These measures and sector impacts are discussed 
further in the Country Level Highlights section in Appendix B. 

Carbon valuation, pricing, and trading schemes have been more active in Europe in 
recent years than most other parts of the world. Regulatory efforts to mitigate climate 
change have been the driver for these initiatives, however pricing is still affected by 
the level of total regional and global adoption of similar mechanisms aimed at 
decarbonization. Countries in Asia such as China, Japan, and Korea have begun to 
implement pilot programs in recent years, although at pricing much lower than can be 
found in Europe. To help meet Paris Climate Agreement related targets, other 

 
209 BAU projections for India could not be found. 

210 2050 Projections for India are according to emissions reductions expected under a “Fair Share” pathway to 
achieve the 1.5oC IPCC scenario (Climate-Transparency.org). Total APEC region projections do not include 
emissions from India, however a percentage of the APEC region total is shown for India for comparative 
purposes.  
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countries such as Indonesia and Vietnam are considering implementing some type of 
emissions trading or other form of carbon taxation.  

In October 2020, Reuters conducted a survey of eight analysts on forecasts of 
European carbon market prices.211 More stringent climate targets for greenhouse gas 
reductions have led to increases in price forecasts of EU Allowances (EUAs) over the 
next several years. The results of the survey reflect that analysts expect EUAs to 
average nearly EUR 38 per ton in 2021 (up 18.2 percent from July 2020 forecasts) and 
EUR 41.61 per ton in 2022 (up 31.3 percent from July forecasts). The average price 
forecast 2023 climbed to EUR 46.15 per ton.  

A paper published in the peer-reviewed journal Energies in February 2021 on the CO2 
market in Central and Eastern Europe reported the same forecast prices of EUAs as 
the Reuters survey for 2021 (EUR 37.86/ton) and 2022 (EUR 41.61/ton).212 Additionally, 
this article states that EUA prices are forecasted at EUR 80/ton in 2030 and EUR 
120/ton in 2040.213 This article also includes a literature review section on 
determinants for the price of CO2 emission allowances.  

The UK Government’s Department for Business, Energy & Industrial Strategy publishes 
energy and emissions projections each year. In 2019, projections to 2040 show traded 
emissions as about one-third of the total country emissions, with reductions in both 
traded and non-traded flattening after 2023. Pricing of traded emissions is segregated 
between CO2 emissions by Industry and Services sectors, and Electricity Supply. When 
the EU trading system was initiated in 2005, the price of CO2 per tonne was $29.20 
USD. Prices have recovered from a subsequent a 10-year slump in which Industry and 
Service origin emissions fell to as low as $6.30 per tonne in 2016, to $31.30 for CO2 
emissions from Industry and $54.70 for Electricity in 2020.  Prices are expected to 
converge slightly by 2030 as they nearly double on average from 2020 rates. Expected 
energy efficiency gains in industry and services help reduce emissions from those 
sectors, which is reflected in a relatively flat price from 2030 to 2040. Emissions from 
electricity will likely remain the main contributor to global emissions and thus 
continue to rise.  

The Grantham Research Institute on Climate Change and the Environment predicts 
however that carbon pricing required to reach net-zero emissions in the UK are 2-3.5 
higher than the government’s projected prices, although notes that these prices may 
not be politically feasible. Appendix Table D.6 shows the projected evolution in UK 
government’s CO2 pricing 2005-2040, as well as the higher price targets expected to 
get closer to net-zero emissions.  

 
211 Susanna Twidale. “Analysts sharply raise EU carbon price forecasts on tougher climate goals,” Reuters, 16 

October 2020, https://www.reuters.com/article/us-eu-carbon-poll/analysts-sharply-raise-eu-carbon-price-
forecasts-on-tougher-climate-goals-idUSKBN2711HK. 

212 Dorota Ciesielska-Maciagowska et al. “Central and Eastern European CO2 Market – Challenges of Emissions 
Trading for Energy Companies,” Energies, 14, 17 February 2021, https://doi.org/10.3390/en14041051, p. 6. 

213 Dorota Ciesielska-Maciagowska et al. “Central and Eastern European CO2 Market – Challenges of Emissions 
Trading for Energy Companies,” Energies, 14, 17 February 2021, https://doi.org/10.3390/en14041051, p. 6. 

https://www.reuters.com/article/us-eu-carbon-poll/analysts-sharply-raise-eu-carbon-price-forecasts-on-tougher-climate-goals-idUSKBN2711HK
https://www.reuters.com/article/us-eu-carbon-poll/analysts-sharply-raise-eu-carbon-price-forecasts-on-tougher-climate-goals-idUSKBN2711HK
https://doi.org/10.3390/en14041051
https://doi.org/10.3390/en14041051
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Appendix Table D.6: UK CO2 Prices, Historical and Projected (2005-2040) USD/tonne 
of CO2 (2019 prices) 214, 215 

 

 
Similarly, the Carbon Pricing Leadership Coalition (CPLC), an international a voluntary 
initiative of leaders from government, business, civil society and academia216 that 
supports carbon pricing, issued a report in 2017217 claiming that a global carbon price 
of $50–$100/tCO2 by 2030, that rises thereafter, is needed to meet climate 
stabilization goals.  

For a look at CO2 pricing around the world including Asia, the World Bank publishes 
pricing data on 52 at the national and subnational carbon pricing initiatives on its 
Carbon Pricing Dashboard.218 These initiatives fall into one of two instrument types: a 
carbon tax or an emissions trading system (ETS). In 2020, nineteen of these initiatives 
are in Europe, 13 are in East and Southeast Asia, nine are in North America, five are in 
Latin America, two are in the Pacific, there is one each in Central Asia and Africa, and 
one is international.  

 
214 “Updated energy and emissions projections: 2019,” UK Government’s Department for Business, Energy & 

Industrial Strategy, 30 October 2020, https://www.gov.uk/government/publications/updated-energy-and-
emissions-projections-2019. 

215 Joshua Burke et al. “Policy brief: How to price carbon to reach net-zero emissions in the UK,” Grantham Research 
Institute on Climate Change and the Environment, May 2019, https://www.lse.ac.uk/GranthamInstitute/wp-
content/uploads/2019/05/GRI-POLICY-BRIEF_How-to-price-carbon-to-reach-net-zero-emissions-in-the-UK.pdf, 
p. 2. 

216 The CPLC Secretariat is administered by the World Bank Group. https://www.carbonpricingleadership.org/who-
we-are 
217 2017 Report of the High-Level Commission on Carbon Pricing. https://www.carbonpricingleadership.org/report-
of-the-highlevel-commission-on-carbon-prices 
218 “Carbon Pricing Dashboard,” The World Bank website, 1 November 2020, 

https://carbonpricingdashboard.worldbank.org/map_data. 

https://www.carbonpricingleadership.org/partners
https://www.gov.uk/government/publications/updated-energy-and-emissions-projections-2019
https://www.gov.uk/government/publications/updated-energy-and-emissions-projections-2019
https://www.lse.ac.uk/GranthamInstitute/wp-content/uploads/2019/05/GRI-POLICY-BRIEF_How-to-price-carbon-to-reach-net-zero-emissions-in-the-UK.pdf
https://www.lse.ac.uk/GranthamInstitute/wp-content/uploads/2019/05/GRI-POLICY-BRIEF_How-to-price-carbon-to-reach-net-zero-emissions-in-the-UK.pdf
https://carbonpricingdashboard.worldbank.org/map_data
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Appendix Figure D.7: CO2 Prices in Implemented Carbon Pricing Initiatives 

Source: World Bank, Carbon Pricing Dashboard 

 
The average carbon price in 2020 across these 52 initiatives was USD 20.36/tCO2e. 
There are sharp regional differences in pricing; the average carbon price in Europe is 
USD 37.87/tCO2e, more than twice as high as any other region’s average price. The 
EU carbon market is more mature than most as it began implementation of its 
emissions trading scheme in 2005. The EU has since moved into a global leadership 
position in sustainability finance. In East and Southeast Asia, the average 2020 carbon 
price was just USD 5.97/tCO2e.  

China is home to eight subnational ETS, and Japan manages three. CO2 pricing 
mechanisms are on a national level in Korea and Singapore. Prices in the region ranged 
from USD 2.69/tcO2e (Chongqing’s pilot ETS) to USD 18.80/tCO2e (Korea’s national 
ETS). Most of these are ETSs, except for the Japan and Singapore national initiatives, 
which are both carbon taxes. This is distinct from initiatives in Europe, which are all 
carbon taxes except for the EU ETS and the Switzerland ETS. 

The Carbon Pricing Leadership Council (CPLC) in 2019 reported that the global average 
carbon price currently was around only $2/tCO2e, and that even if countries met the 
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NDC reduction targets made for the 2015 Paris Agreement, this would only be cutting 
global emissions in 2030 by about a third of the needed reductions. In support of this 
argument and as a means to drive additional emissions reductions, the International 
Monetary Fund (IMF) has recommended a global carbon floor price of $75 USD/tCO2 
for the largest emitters. Such a carbon price floor should, according to the IMF, include 
differentiated pricing for countries at different levels of economic development219.  

Appendix Figure D.8 illustrates the IMF’s estimation of CO2 reduction levels under the 
current targets (“Paris Pledges”) and setting various rates of floor prices.  

Appendix Figure D.8: CO2 Reduction Scenarios for G20 Countries (2030) 

 

Source: IMF, CLPC 2020 

 
Voluntary carbon markets and purchase facilities may also offer some promise in 
certain industries or for certain technologies where national or regional carbon 
markets may not exist. For example, the multinational integrated business enterprise 
Mitsubishi Corporation (MC) has partnered with South Pole, a global leader in carbon 
credits, to develop a voluntary carbon removal purchase facility. The partnership was 
announced in May 2021. 

The Next Generation Carbon Removal Purchase Facility aims to mobilize USD 300-800 
million worth of carbon removal credits by 2030.220 This effort recognizes that meeting 
decarbonization goals will require more than nature-based solutions (such as planting 
trees to remove CO2 from the atmosphere) and aims to incentivize the development 
and uptake of technological carbon removal solutions. Technological solutions include 
direct air capture (DAC) and permanent CO2 storage solutions such as CO2 
mineralization or geological storage. MC has already been working on a number of 
initiatives relating to CO2 mineralization and, alongside South Pole, will use its 

 
219 https://www.reuters.com/business/environment/imf-chief-urges-g20-adopt-carbon-price-floor-reach-climate-

goals-2021-04-22/ 

220 “South Pole announces development of new facility to scale up the next generation of carbon removals together 
with Mitsubishi Corporation,” South Pole press release, 7 May 2021, https://www.southpole.com/news/south-
pole-announces-development-of-new-facility-to-scale-up-the-next-generation-of-carbon-removals-together-
with-mitsubishi-corporation. 

https://www.southpole.com/news/south-pole-announces-development-of-new-facility-to-scale-up-the-next-generation-of-carbon-removals-together-with-mitsubishi-corporation
https://www.southpole.com/news/south-pole-announces-development-of-new-facility-to-scale-up-the-next-generation-of-carbon-removals-together-with-mitsubishi-corporation
https://www.southpole.com/news/south-pole-announces-development-of-new-facility-to-scale-up-the-next-generation-of-carbon-removals-together-with-mitsubishi-corporation
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extensive institutional knowledge and expertise to determine the feasibility of these 
technologies by the end of 2021.221  

CCUS technologies face challenges in technological innovation and cost reduction. The 
MC-South Pole facility aims to address these challenges by developing and selling 
carbon credits for CCUS technologies. The facility will develop a voluntary market that 
matches businesses with carbon removal technologies (sellers) with companies with 
carbon neutral/negative goals that are willing to purchase carbon removal credits to 
offset emissions they are unable to cut themselves (buyers).222 The facility will be 
further developed by MC and South Pole in consultation with potential buyers by the 
end of 2021. The Next Generation Carbon Removal Purchase Facility aims to support 
technological carbon removal technologies by providing a new stream of revenue for 
companies developing these technologies. The hope is that this new source of revenue 
will help drive down the price per ton of CO2 removal. 

 
221 “Collaboration with South Pole to Generate and Sell Carbon Credits from Carbon Removal Technologies,” 

Mitsubishi Corporation press release, 12 May 2021, 
https://www.mitsubishicorp.com/jp/en/pr/archive/2021/html/0000047087.html. 

222 MC press release. 

https://www.mitsubishicorp.com/jp/en/pr/archive/2021/html/0000047087.html
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Appendix E: Examples of DFI Financing of Refineries 

E.1 World Bank Group 

The database of IFC project documents indicates that there have been a number of 
projects involving refineries: https://disclosures.ifc.org/enterprise-search-results-
home/refinery%20pterochemical  

 

IFC. 2010. “IFC Invests in Egyptian Refining Company to Support Egypt’s Energy 
Sector.” Available at https://pressroom.ifc.org/all/pages/PressDetail.aspx?ID=22556 

In 2010, IFC announced that it had agreed to invest $120 million in Egyptian Refining 
Company, which will be part of the largest project-financing transaction in Egypt, to 
promote enhanced environmental standards and cleaner domestic fuel sources in 
Egypt. Its equity investment will be used by Egyptian Refining Company, a platform 
company of Citadel Capital, Africa’s largest private equity firm, to build a $3.7 billion 
hydro-cracking and coking refinery that will allow Egypt to transform locally available 
fuel oil into lighter fuel products, such as ultra-low sulfur diesel, for the domestic 
market.  The company also will help upgrade an adjoining state-owned refinery to 
increase its energy efficiency and environmental performance, resulting in reduced 
sulfur dioxide emissions. 

 

NS Energy. 2019. “IFC to support Egypt’s Ministry of Petroleum and Mineral Resource 
in strengthening energy infrastructure.” Available at 
https://www.nsenergybusiness.com/news/ifc-to-support-egypts-ministry-of-

petroleum-and-mineral-resource-in-strengthening-energy-infrastructure/ 

In 2019, the IFC announced a joint effort with Egypt’s Ministry of Petroleum and 
Mineral Resources that aims to support Egypt in becoming a regional energy hub for 
the eastern Mediterranean and improve its energy infrastructure. IFC signed a 
memorandum of understanding (MoU) with four leading companies within the 
petroleum sector to help enhance Egypt’s midstream gas infrastructure. The 
partnership will also assist in energy efficiency and gas flaring reduction initiatives, and 
support Egypt’s refinery and petrochemical sectors through private sector financing. 
Through this partnership, the IFC will work with four key entities of the energy sector: 
the Egyptian General Petroleum Corporation, the Egyptian Natural Gas Holding 
Company, the Egyptian South Valley Holding Company, and the Egyptian Holding 
Company for Petrochemicals. 

 

Reuters. 2012. “IFC to part finance $480 mln oil refinery expansion project of HPCL 
Mittal Energy.” Available at https://www.reuters.com/article/ifc-to-part-finance-480-

mln-oil-refinery-idINDEE88N0BE20120924 

In 2012, the IFC announced that it would partially finance the oil refinery expansion 
project of HPCL Mittal Energy Ltd, a joint venture between PSU oil company HPCL and 
global steel magnate LN Mittal. IFC will provide loans to support the project, which is 
expected to absorb $480 million, as per a disclosure by IFC. The investment is expected 

https://disclosures.ifc.org/enterprise-search-results-home/refinery%20pterochemical
https://disclosures.ifc.org/enterprise-search-results-home/refinery%20pterochemical
https://pressroom.ifc.org/all/pages/PressDetail.aspx?ID=22556
https://www.nsenergybusiness.com/news/ifc-to-support-egypts-ministry-of-petroleum-and-mineral-resource-in-strengthening-energy-infrastructure/
https://www.nsenergybusiness.com/news/ifc-to-support-egypts-ministry-of-petroleum-and-mineral-resource-in-strengthening-energy-infrastructure/
https://pressroom.ifc.org/all/pages/PressDetail.aspx?ID=16121
https://www.reuters.com/article/ifc-to-part-finance-480-mln-oil-refinery-idINDEE88N0BE20120924
https://www.reuters.com/article/ifc-to-part-finance-480-mln-oil-refinery-idINDEE88N0BE20120924
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to go towards rebalancing of the Guru Gobind Singh Refinery, a greenfield facility 
located in Punjab, to increase its capacity from 9 MMTPA to 11.2 MMTPA. HPCL Mittal 
Energy commented that “the project will help increase the throughput of the refinery 
by about 25 per cent with a relatively smaller investment of approximately 15 per cent 
of its capital cost.” 

 

Reuters. 2018. “Africa's richest man arranges $4.5 bln of financing for oil refinery.” 
https://www.reuters.com/article/nigeria-dangote-loans-idUSL5N1UK61J 

The World Bank was expected to contribute $150 million to the $3.15 billion oil 
refinery project, but an environmental and social standards review changed the 
direction of the contribution towards a fertilizer plant. More information available in 
an IFC disclosure and news publication, which concludes that “all funds will be used to 
support establishment of the fertilizer plant and there will be no investment directed 
towards the oil refinery.” 

 

Bnamericas. 2019. “PAE secures US$500mn loan to finish refinery expansion.” 
Available at https://www.bnamericas.com/en/news/pae-secures-us500mn-loan-to-

finish-refinery-expansion 

In 2019, the IFC announced a US$135mn loan (part of a $500 loan total from IFC and 
other sources) to finish an expansion and upgrade at the Campana oil refiner 
belonging to Pan American Energy, Argentina’s fourth biggest gas producer and 
second largest oil company. An additional $50 million will come from IFC’s Managed 
Co-Lending Portfolio Program (MCPP). The refinery produces around 4.5Mm3/y of oil 
derivatives and the expansion will up capacity 60%, according to PAE. The project 
should also help lower emissions from the refinery’s petroleum-based products, as the 
multi-year refinery expansion includes optimizing the quality of the gasoline and diesel 
produced, reducing their sulfur content. The reduction will bring the refinery’s 
products in line with European standards. 

 

E.2 ADB 

Asian Development Bank. 2012. “ADB to Help Develop Uzbekistan's Largest 
Petrochemical Plant.” Available at https://www.adb.org/news/adb-help-develop-

uzbekistans-largest-petrochemical-plant 

In 2012, ADB announced the approval of a loan and political risk guarantee totaling up 
to $400 million to help build the largest-ever petrochemical plant in Uzbekistan. ADB 
is providing a 13-year loan of up to $125 million and a 13-year guarantee of up to $275 
million which will cover certain risks on loans extended by commercial lenders to Uz-
Kor Gas Chemical. The plant is expected to be operational in early 2016. The Surgil 
Natural Gas Chemicals Project will produce gas for commercial use and for conversion 
into chemical intermediates used in the plastics and textiles industries. The developer 
and operator, Uz-Kor Gas Chemical LLC, is a joint venture company owned by state-
controlled oil and gas company National Holding Company Uzbekneftegaz, and a 
consortium of Republic of Korea companies. Commentary by the Senior Investment 

https://www.reuters.com/article/nigeria-dangote-loans-idUSL5N1UK61J
https://disclosures.ifc.org/project-detail/ESRS/33744/dangote-industries-limited
https://www.dw.com/en/world-bank-keeps-investing-in-fossil-fuel-projects/a-48262426
https://www.bnamericas.com/en/news/pae-secures-us500mn-loan-to-finish-refinery-expansion
https://www.bnamericas.com/en/news/pae-secures-us500mn-loan-to-finish-refinery-expansion
https://www.adb.org/news/adb-help-develop-uzbekistans-largest-petrochemical-plant
https://www.adb.org/news/adb-help-develop-uzbekistans-largest-petrochemical-plant
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Specialist in ADB's Private Sector Operations Department, “"Instead of simply 
extracting gas and treating it for energy use, the project will also process a portion of 
it into chemical raw materials for exporting to plastics and textiles producers. That 
means Uzbekistan gets more bang for its buck out of its natural resources." 
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Appendix F: Carbon Capture and Utilization 
Technologies 

The most common carbon utilization technology is enhanced oil recovery (EOR), which 
“involves the injection of CO2 into the reservoir rock of an existing oil field to recover 
more oil and natural gas than would otherwise have been produced.”223 In addition to 
producing more oil, 99 percent of the injected CO2 gets trapped during the process. 
Therefore, EOR is a carbon storage solution as well as a carbon utilization technology. 
EOR has been a commercially viable and regulated activity for more than 40 years and 
has a number of economic and environmental benefits.  

There are currently more than 150 CO2 EOR projects worldwide, but prospective 
projects are limited by the availability and affordability of local CO2 sources.224 Other 
barriers to CO2 EOR project feasibility include high incremental capital expenditure 
costs to set up an EOR project, lengthy lag times between CO2 injection and an 
increase in oil production, and long distances between reservoirs that can store CO2 
and large CO2 sources.225 

Other At this point, most technologies remain at a low technology readiness level (TRL) 
and investment in CCUS RD&D is considered essential to accelerate their paths to 
economic viability. 

Carbonation and cement uses of CO2 are among the most commercially viable carbon 
utilization technologies.226 The process of carbonation involves the conversion of 
gaseous CO2 into solid carbonates, usually in a permanent way. This process occurs in 
nature (i.e. the underground formation of carbonate rocks such as limestone) but is 
sped up substantially in CO2 use technologies. Carbonation can produce “greener” 
construction materials, industrial waste materials, and other more sustainable 
products.227 

Commercially successful carbonation efforts fall into four categories: (i) conversion of 
CO2 to carbonate-bearing materials such as sodium bicarbonate; (ii) use of CO2 for 
curing building materials; (iii) conversion of CO2 to carbonates using waste materials 

 
223 “Meeting the Dual Challenge: A Roadmap to At-Scale Deployment of Carbon Capture, Use, and Storage: Chapter 

Eight – CO2 Enhanced Oil Recovery,” National Petroleum Council report, December 2019, 
https://dualchallenge.npc.org/files/CCUS-Chap_8-030521.pdf, p. 8-1. 

224 “Meeting the Dual Challenge: A Roadmap to At-Scale Deployment of Carbon Capture, Use, and Storage: Chapter 
Eight – CO2 Enhanced Oil Recovery,” National Petroleum Council report, December 2019, 
https://dualchallenge.npc.org/files/CCUS-Chap_8-030521.pdf, p. 8-2. 

225 “Meeting the Dual Challenge: A Roadmap to At-Scale Deployment of Carbon Capture, Use, and Storage: Chapter 
Eight – CO2 Enhanced Oil Recovery,” National Petroleum Council report, December 2019, 
https://dualchallenge.npc.org/files/CCUS-Chap_8-030521.pdf, p. 8-2. 

226 “Meeting the Dual Challenge: A Roadmap to At-Scale Deployment of Carbon Capture, Use, and Storage: Chapter 
Nine – CO2 Use,” National Petroleum Council report, December 2019, https://dualchallenge.npc.org/files/CCUS-
Chap_9-030521.pdf, p. 9-4. 

227 “Meeting the Dual Challenge: A Roadmap to At-Scale Deployment of Carbon Capture, Use, and Storage: Chapter 
Nine – CO2 Use,” National Petroleum Council report, December 2019, https://dualchallenge.npc.org/files/CCUS-
Chap_9-030521.pdf, p. 9-12. 

https://dualchallenge.npc.org/files/CCUS-Chap_8-030521.pdf
https://dualchallenge.npc.org/files/CCUS-Chap_8-030521.pdf
https://dualchallenge.npc.org/files/CCUS-Chap_8-030521.pdf
https://dualchallenge.npc.org/files/CCUS-Chap_9-030521.pdf
https://dualchallenge.npc.org/files/CCUS-Chap_9-030521.pdf
https://dualchallenge.npc.org/files/CCUS-Chap_9-030521.pdf
https://dualchallenge.npc.org/files/CCUS-Chap_9-030521.pdf
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for integration into building materials; and (iv) reaction of CO2 with solid feedstock to 
create stable nanoparticles.228 

Biological uses of CO2 involve the conversion of CO2 to biomass, chemicals, and fuels 
via biological pathways.229 Within this category, there is a wide range of TRLs: some 
technologies are commercially operational, while others are still in the R&D phase. 
One pathway of biological CO2 use is photosynthetic CO2 conversion, wherein 
photosynthesis facilitates growth of algae and cyanobacteria that help produce fuels, 
chemicals, proteins, and compounds. Nonphotosynthetic pathways are being 
developed, as well. Microorganisms can be used to capture CO2 and convert it into 
chemicals, chemical intermediates, or fuels.230 One hybrid approach nearing 
commercialization is the use of gas fermentation of CO2 to various products, which 
could be combined with electrochemical processes (discussed below). 

Thermochemical CO2 conversion involves high-temperature reactions that produce a 
range of useful hydrocarbons for chemicals, materials, and fuels such as olefins, 
paraffins, aromatics, alcohols, organic carbonates, carboxylic acids, and a range of 
polymers.231 Thermochemical conversion technologies typically have a low to medium 
TRL. A barrier to commercialization of thermochemical conversion technologies is 
their reliance on energy-intensive reagents such as H2. Increased availability of low-
cost, low-carbon hydrogen is essential to boost the commercialization of 
thermochemical CO2 conversion technologies.232 

Electrochemical and photochemical CO2 conversion involves the use of electrons and 
protons to activate CO2 and produce a range of chemicals, materials, and fuels.233 
These processes use electricity (electrochemical) and sunlight (photochemical) for CO2 
conversion reactions. These technologies are less developed than thermochemical 
conversions, with the most advanced of them at a development and demonstration 
phase. In particular, CO2 to CO conversion is nearing commercialization, but CO2 

 
228 “Meeting the Dual Challenge: A Roadmap to At-Scale Deployment of Carbon Capture, Use, and Storage: Chapter 

Nine – CO2 Use,” National Petroleum Council report, December 2019, https://dualchallenge.npc.org/files/CCUS-
Chap_9-030521.pdf, p. 9-16. 

229 “Meeting the Dual Challenge: A Roadmap to At-Scale Deployment of Carbon Capture, Use, and Storage: Chapter 
Nine – CO2 Use,” National Petroleum Council report, December 2019, https://dualchallenge.npc.org/files/CCUS-
Chap_9-030521.pdf, p. 9-18. 

230 “Meeting the Dual Challenge: A Roadmap to At-Scale Deployment of Carbon Capture, Use, and Storage: Chapter 
Nine – CO2 Use,” National Petroleum Council report, December 2019, https://dualchallenge.npc.org/files/CCUS-
Chap_9-030521.pdf, p. 9-18. 

231 “Meeting the Dual Challenge: A Roadmap to At-Scale Deployment of Carbon Capture, Use, and Storage: Chapter 
Nine – CO2 Use,” National Petroleum Council report, December 2019, https://dualchallenge.npc.org/files/CCUS-
Chap_9-030521.pdf, p. 9-4. 

232 “Meeting the Dual Challenge: A Roadmap to At-Scale Deployment of Carbon Capture, Use, and Storage: Chapter 
Nine – CO2 Use,” National Petroleum Council report, December 2019, https://dualchallenge.npc.org/files/CCUS-
Chap_9-030521.pdf, p. 9-4. 

233 “Meeting the Dual Challenge: A Roadmap to At-Scale Deployment of Carbon Capture, Use, and Storage: Chapter 
Nine – CO2 Use,” National Petroleum Council report, December 2019, https://dualchallenge.npc.org/files/CCUS-
Chap_9-030521.pdf, p. 9-9. 

https://dualchallenge.npc.org/files/CCUS-Chap_9-030521.pdf
https://dualchallenge.npc.org/files/CCUS-Chap_9-030521.pdf
https://dualchallenge.npc.org/files/CCUS-Chap_9-030521.pdf
https://dualchallenge.npc.org/files/CCUS-Chap_9-030521.pdf
https://dualchallenge.npc.org/files/CCUS-Chap_9-030521.pdf
https://dualchallenge.npc.org/files/CCUS-Chap_9-030521.pdf
https://dualchallenge.npc.org/files/CCUS-Chap_9-030521.pdf
https://dualchallenge.npc.org/files/CCUS-Chap_9-030521.pdf
https://dualchallenge.npc.org/files/CCUS-Chap_9-030521.pdf
https://dualchallenge.npc.org/files/CCUS-Chap_9-030521.pdf
https://dualchallenge.npc.org/files/CCUS-Chap_9-030521.pdf
https://dualchallenge.npc.org/files/CCUS-Chap_9-030521.pdf
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conversion to other products by these processes (C2+ and other C1 products) has been 
more challenging.234 

Table 2.3 summarizes these four technology pathways as classified by the National 
Petroleum Council. 

Appendix Table F.1:: Non-Enhanced Oil Recovery CO2 Utilization Technologies 

Technology Pathway 
Potential 

Products 
Attributes 

Technology 

Readiness Level 

(Scale: 1-10)235 

Carbonation and 

cement 

Construction 
materials, 
specialty 
materials 

Offers great permanency 5-8 

Biological 
Chemicals 
and fuels 

Permanency depends on 
product; slower inherent 

kinetics than alternative use 
pathways 

3-9 

Thermochemical 
Chemicals, 
materials, 
and fuels 

Can use natural gas where it 
is available 

2-5 

Electrochemical and 

photochemical 

Chemicals, 
materials, 
and fuels 

Can use excess renewable 
energy 

1-4 

Note: This table is derived from Table 9-1: Current Status of CO2 Use Technologies in Chapter 9 of the 

2019 NPC Report “Meeting the Dual Challenge: A Roadmap to At-Scale Deployment of Carbon Capture, 

Use, and Storage.” 

 
The May 2020 study by Columbia University on recycling CO2 groups biological and 
carbonation processes into the Thermochemical category and provides several 
examples of Thermochemical and Electrochemical pathways – as shown in Appendix 
Table F.2. Rather than evaluating the pathways and products by a technical readiness 
scale, the study provides a ratio of cost of production to current sales price to indicate 
market readiness of each product. Due to high costs of electricity and catalyst inputs 
to Electrochemical pathways, products made from Thermochemical pathways have 
lower ratios and are in some cases already market-ready (particularly the cement 
products made through carbonation).  

While the market-readiness ratio is calculated in a more objective and verifiable way 
than the technology readiness score, the conclusions of priority pathways and 
products are the same. Products with the lowest Market Readiness Ratio, at or below 
1, have a cost of production equal to or less than the current market sale price and are 
already commercially viable (shown in red text in Appendix Table F.2). These are the 

 
234 “Meeting the Dual Challenge: A Roadmap to At-Scale Deployment of Carbon Capture, Use, and Storage: Chapter 

Nine – CO2 Use,” National Petroleum Council report, December 2019, https://dualchallenge.npc.org/files/CCUS-
Chap_9-030521.pdf, p. 9-10. 

235 10 being the most technologically ready, 1 being the least technologically ready. 

https://dualchallenge.npc.org/files/CCUS-Chap_9-030521.pdf
https://dualchallenge.npc.org/files/CCUS-Chap_9-030521.pdf
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same products categorized by the NCP as following a biological or carbonation 
pathway. Financing projects and infrastructure for their production would bring 
returns earlier than investment in others.  Products with a ratio of less than 5 are 
considered are the priority for technology pathway (and input cost reduction) 
investment in order to bring them to early market readiness.  Products with ratios of 
5 to 8 are expected to require longer term investment to realize market readiness, 
while those above 8 are not prioritized for investment due to excessive cost and the 
availability of many other product and process options. 

Appendix Table F.2: CO2 Reutilization Pathways, Products, and Market Readiness 

Ratios 

Technology 

Pathway 
Products Feedstocks 

“Market 
Readiness Ratio”  

(Cost of 

Production / 

Market Sale Price) 

Thermochemical 

Light olefins (inc. ethylene) 
CO2, H2    4.8 

CO, H2 6.3 

Methane CO2, H2    26.0 

Methanol CO2, H2    4.6 

Syngas CO2, H2    5.9 

Jet Fuel 
CO2, H2 5.9 

CO, H2 4.4 

Ethanol Biomass 1.0 

Urea CO2, NH3 5.0 

Precast Concrete CO2, 
concrete 

0.7 

All Concretes 0.5 

Electrochemical 

Hydrogen H2O 2.5 

Carbon Monoxide (CO) 

CO2, H2O  

0.8 

Methane 38.4 

Methanol 6.7 

Ethylene 7.3 

Ethane 95.4 

Ethanol 5.5 

Syngas 7.1 
Source: Columbia University 
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Appendix G: Examples of CO2 Use Projects 

▪ EOR – Port Arthur, Texas: Air Products & Chemicals operates a carbon 
capture facility at the Valero Energy refinery in Port Arthur, Texas. The 
project, which has been fully operational since March 2013, involved the 
retrofitting of two steam methane reformers (SMRs) into CO2 capture units 
that use vacuum swing adsorption gas separation technology.236 The facility 
captures one million tons of CO2 annually, which are transported for use in 
EOR by Denbury Onshore LLC.237 The total cost of the project was USD 431 
million, of which the U.S. Department of Energy provided a grant of USD 
284 million (66 percent) by way of the American Recovery and 
Reinvestment Act (ARRA).238 

▪ Carbonation and cement – CarbonCure: The manufactures company 
CarbonCure has begun initiatives to use CO2 for curing building materials. 
CarbonCure injects CO2 into its concrete to increase concrete performance 
and reduce the portion of cement (which has a high carbon footprint) 
needed in the concrete mixture.239 

▪ Biological uses – LanzaTech: The carbon recycling technology company 
LanzaTech developed a commercial gas fermentation technology that uses 
a gas-fermenting proprietary microbe to generate ethanol and butanediol 
from carbon monoxide-rich streams. This technology allows LanzaTech to 
convert emissions from its other operations to fuels and chemicals. Its first 
plant with this technology was in China, which had a stated capacity of 
46,000 tons of ethanol, and has other commercial units in Europe, India, 
South Africa, and the US.240  

▪ Thermochemical conversion – Dresden, Germany: A German industrial 
electrolysis company called Sunfire developed a pilot plant in 2014 that 
produces roughly one barrel of hydrocarbons per day from CO2. The three-
step production process involves the production of H2 from renewable 

 
236 “Meeting the Dual Challenge: A Roadmap to At-Scale Deployment of Carbon Capture, Use, and Storage: 

Appendix C – CCUS Project Summaries,” National Petroleum Council report, December 2019, 
https://dualchallenge.npc.org/files/CCUS-Appendix_C-030521.pdf, p. C-4.  

237 “Port Arthur Fact Sheet: Carbon Dioxide Capture and Storage Project,” MIT CCS Technologies website, 
http://sequestration.mit.edu/tools/projects/port_arthur.html. 

238 “Port Arthur Fact Sheet: Carbon Dioxide Capture and Storage Project,” MIT CCS Technologies website, 
http://sequestration.mit.edu/tools/projects/port_arthur.html. 

239 “Meeting the Dual Challenge: A Roadmap to At-Scale Deployment of Carbon Capture, Use, and Storage: Chapter 
Nine – CO2 Use,” National Petroleum Council report, December 2019, https://dualchallenge.npc.org/files/CCUS-
Chap_9-030521.pdf, p. 9-16. 

240 “Meeting the Dual Challenge: A Roadmap to At-Scale Deployment of Carbon Capture, Use, and Storage: Chapter 
Nine – CO2 Use,” National Petroleum Council report, December 2019, https://dualchallenge.npc.org/files/CCUS-
Chap_9-030521.pdf, p. 9-22. 

https://dualchallenge.npc.org/files/CCUS-Appendix_C-030521.pdf
http://sequestration.mit.edu/tools/projects/port_arthur.html
http://sequestration.mit.edu/tools/projects/port_arthur.html
https://dualchallenge.npc.org/files/CCUS-Chap_9-030521.pdf
https://dualchallenge.npc.org/files/CCUS-Chap_9-030521.pdf
https://dualchallenge.npc.org/files/CCUS-Chap_9-030521.pdf
https://dualchallenge.npc.org/files/CCUS-Chap_9-030521.pdf
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energy, hydrogenation of CO2 to CO, and conversion of the CO to produce 
hydrocarbons.241  

▪ Electrochemical and photochemical – Haldor Topsoe: There are few 
examples of commercially successful electrochemical or photochemical 
technologies, and all of them involve the conversion of CO2 to carbon 
monoxide. The Danish catalysis company Haldor Topsoe developed a solid-
oxide technology for this purpose. The technology’s range of applicability is 
limited, especially with intermittent renewable energy sources, because the 
operator temperature of the process is high (700 to 850 degrees Celsius). 
Haldor Topsoe is working on developing a similar technology for commercial 
scale.242  

 
241 “Meeting the Dual Challenge: A Roadmap to At-Scale Deployment of Carbon Capture, Use, and Storage: Chapter 

Nine – CO2 Use,” National Petroleum Council report, December 2019, https://dualchallenge.npc.org/files/CCUS-
Chap_9-030521.pdf, p. 9-7. 

242 “Meeting the Dual Challenge: A Roadmap to At-Scale Deployment of Carbon Capture, Use, and Storage: Chapter 
Nine – CO2 Use,” National Petroleum Council report, December 2019, https://dualchallenge.npc.org/files/CCUS-
Chap_9-030521.pdf, p. 9-12. 

https://dualchallenge.npc.org/files/CCUS-Chap_9-030521.pdf
https://dualchallenge.npc.org/files/CCUS-Chap_9-030521.pdf
https://dualchallenge.npc.org/files/CCUS-Chap_9-030521.pdf
https://dualchallenge.npc.org/files/CCUS-Chap_9-030521.pdf
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Appendix H: ADB Funds 

Fund Description / Priorities Eligible Activities Eligible Recipients / Borrowers 

ADB Ventures 
Investment 
Fund 1 

Fund 1 will contribute to multiple SDGs by applying 
climate (80% of investments) and gender (75% of 
investments) impact investment lens, primary targeting 
ADB’s developing member countries (DMCs) in Southeast 
Asia and South Asia. Fund 1 will focus on clean 
technology, agricultural technology, inclusive financial 
technology, and health technology. ADB Ventures aims 
to mobilize at least $360 million private capital for early-
stage companies through coinvestments. 
The fund has a 17-year fund life for holding periods of up 
to 10 years to maximize the opportunities for success of 
an early-stage company requiring more patient capital. 

Fund 1 plans to make at least 15 
investments over its life ranging in 
investment size from $100,000 to 
$4 million, primarily in the form of 
equity and quasi-equity. 50% of 
funding is reserved for follow-on 
investments. 

All DMCs are eligible for ADB 
Ventures support. Since ADB 
Ventures is a non-sovereign 
platform managed by ADB’s Private 
Sector Operations Department, only 
private sector companies or entities 
are eligible for assistance. 
Companies can be domiciled 
globally, however, the impact focus 
must be in a DMC. 
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ASEAN 
Catalytic Green 
Finance Facility 

to prepare and finance infrastructure projects that 
promote environmental sustainability and contribute to 
climate change goals. 
The ACGF provides ASEAN member governments with 
technical assistance and access to over $1 billion in loans 
from cofinancing partners. The ACGF’s technical 
assistance supports governments to identify and prepare 
commercially viable green infrastructure projects while 
the ACGF loans are utilized to cover upfront capital 
investment costs. This two-pronged approach “de-risks” 
green infrastructure projects, making them more 
attractive to private capital investors. 
The ACGF focuses on projects that promote renewable 
energy, energy efficiency, sustainable urban transport, 
water supply and sanitation, waste management, and 
climate-resilient agriculture. In addition to project 
preparation and financing support, the ACGF provides 
knowledge services, and training programs to strengthen 
the regulatory environment and build the institutional 
capacity of ASEAN governments to scale up green 
infrastructure investments. 

The ACGF helps prepare and 
provides financing for green 
infrastructure projects that address 
three main objectives, as follows: 
- Demonstrate a measurable 
contribution to green impacts i.e. 
climate change and environmental 
sustainability, 
- Demonstrate an improvement in 
bankability, and 
- Demonstrate the potential to 
catalyze private capital. 
Green Criteria 
The green eligibility criteria for the 
ACGF is aligned with the ADB Green 
Bond Framework and the ASEAN 
Green Bond Standards.  
EXCLUSIONS: New and 
improvements to existing fossil-fuel 
related power generation would be 
excluded (in line with the ADB 
Green Bond Framework and the 
ASEAN Green Bond Standards). 
See "acgf-investment-principles-
eligibility-criteria.pdf" for more info 

To be financed under the ACGF, 
projects must be sovereign or 
sovereign-guaranteed and fulfil 
eligibility criteria that includes: 
- Clear environmental goals and 
targets 
- A financial sustainability plan 
- A roadmap for attracting private 
capital investment 
 
ASEAN Infrastructure Fund 
borrowing member countries: 
Cambodia, Indonesia, Lao People’s 
Democratic Republic, Malaysia, 
Myanmar, Philippines, Thailand, and 
Viet Nam 
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ASEAN 
Infrastructure 
Fund 

to address the ASEAN region's infrastructure 
development needs by mobilizing regional savings, 
including foreign exchange reserves. All ASEAN 
Infrastructure Fund-financed infrastructure projects are 
also cofinanced by ADB funds. The ASEAN Infrastructure 
Fund is an integral part of ASEAN’s efforts to strengthen 
regional connectivity.  
 
The fund provides loans to finance infrastructure 
investment projects in the transport, energy, water and 
sanitation, environment and rural development, and 
social infrastructure sectors. Examples include renewable 
energy plants, roads or highways, and transmission and 
power grid development. 

For projects to be financed under 
the ACGF, the project will need to 
fulfill key eligibility criteria, 
particularly: a) financial 
sustainability indicators (which will 
be based upon typical project 
finance targets such as Debt Service 
Coverage Ratio, etc.); b) clear 
environmental goals and targets; 
and c) a roadmap for attracting 
private capital investments. 
Concessional funds from other 
development partners and climate 
donors are intended to be raised to 
support the impact of the ACGF to 
create a larger pool of funds to 
deploy, as well as to improve the 
blended cost of funds available for 
green infrastructure projects. 

The fund provides financing to 
sovereign or sovereign-guaranteed 
projects in the ASEAN region. 
Project proponents for national and 
subregional infrastructure projects 
in ASEAN developing countries can 
apply for funding to be cofinanced 
by ADB and the fund. 
Projects funded: 
https://www.adb.org/projects/fund
/ASEAN%20Infrastructure%20Fund 
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Asia Pacific 
Carbon Fund 

GRANTS - part of ADB’s ongoing Carbon Market Program 
(CMP), which provides financial and technical support for 
clean development mechanism (CDM) projects.  
 
The fund seeks to increase the number of clean energy 
and energy efficiency projects in ADB developing 
member countries (DMCs). It is also designed to assist 
the fund participants in satisfying their legally binding 
emission reduction commitments under the Kyoto 
Protocol. The fund also aims to capitalize increased 
investments from developed countries to improve 
energy access in the Asia and Pacific region. 

The fund is targeting the following 
project types: 
- energy efficiency, covering 
industrial technology, supply-side 
technology (e.g., upgrade of 
generation equipment) and public 
transport and vehicle efficiency  
- renewable energy, covering small-
to mid-scale run-of-river 
hydropower, biomass, wind, solar 
and geothermal power  
- methane capture and utilization 
which include coalmine methane 
and solid waste and waste water 
treatment  

GRANT Projects should meet the 
following criteria for eligibility: 
 
- Be located in one of ADB’s DMCs 
that is also a non-annex country 
under the Kyoto Protocol and 
eligible to host CDM Projects 
- Be financed by ADB through a 
loan, equity investment, or 
guarantee, have entered into an 
agreement(s) with ADB for financing 
the project, or supported with 
technical assistance from ADB’s 
Carbon Market Initiative and have 
entered into agreements with a 
third party or parties for financing 
the project (satisfactory to the 
Trustee) 
- Generate certified emission 
reductions (CERs) that result in 
permanent, not temporary, 
greenhouse gas (GHG) reductions 
- Comply with ADB Operational 
Policies and Procedures 



 

60 
 

Fund Description / Priorities Eligible Activities Eligible Recipients / Borrowers 

Asia-Pacific 
Climate 
Finance Fund 

multi-donor trust fund established in April 2017. The 
objective of the fund is to support the development and 
implementation of financial risk management products 
that can help unlock capital for climate investments and 
improve resilience to the impact of climate change. 
 
will support the development and implementation of 
financial risk management products as part of existing 
and future climate-related projects that would benefit 
from the provision of such products. Emphasis will be on 
financial risk management products that have been 
proven elsewhere, but are not yet widely commercially 
available in ADB's developing member countries (DMCs). 

Financial risk management products 
to be supported by the fund will 
satisfy at least one of the following 
criteria: 
- Financial risk management 
products to scale up the adoption of 
climate technologies. These will 
help to accelerate the uptake and 
financing of proven climate 
technologies in new country 
contexts or markets by transferring 
initial technology and performance-
related risks. The focus will be 
primarily on small to medium-scale 
solutions, e.g., energy efficiency, 
green buildings, distributed 
renewable energy, and energy 
storage. 
- Financial risk management 
products to mobilize new sources of 
private sector climate financing. The 
focus will be on products that can 
help manage risks associated with 
the initial deployment of new 
innovative climate financing models, 
e.g., climate project bonds that can 
help unlock new sources of 
untapped private capital. 
- Financial risk management 

All ADB DMCs are eligible for 
financing from the fund. 
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products to support investment in 
climate-sensitive sectors, such as 
agriculture, fisheries, forestry, and 
water resource management. These 
products will accelerate investment 
in climate change adaptation and 
strengthen resilience in response to 
slow-onset climate-related risks for 
crop, fish and livestock farming, and 
sustainable forestry. They could 
include, for example, guarantees to 
ensure that farmers switching to 
more productive, sustainable, and 
resilient agricultural inputs and 
practices receive a livable income 
during the transition period. 
- Financial risk management 
products for extreme weather 
events. These will help improve the 
resilience of vulnerable and low-
income populations by enhancing 
the management of risks related to 
the impact of climate-related 
disasters. They will include 
insurance products that can be 
delivered through alternative 
distribution channels, including 
financial technology providers, to 
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reach many beneficiaries cost-
effectively. 

Asia Clean 
Energy Fund 

The Asian Clean Energy Fund was established by Japan as 
part of its initiative of Enhanced Sustainable 
Development for Asia. It is part of the Clean Energy 
Financing Partnership Facility (CEFPF). 
Priority will be given to activities that will be 
implemented in cooperation with Japanese aid agencies, 

The fund supports efforts of 
developing member countries 
towards reducing greenhouse gases 
through utilization of renewable 
energy and energy efficiency 
technologies. 

All ADB developing member 
countries are eligible to receive 
support from the fund. 
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as the part of the first pillar of the initiative entitled 
Enhanced Sustainable Development for Asia. 

Clean Energy 
Financing 
Partnership 
Facility (CEFPF) 

help improve energy security in developing member 
countries and decrease the rate of climate change. It will 
do this by financing the deployment of new, more 
efficient and less polluting supply and end-use 
technologies, through either grant or non-grant 
resources. 
 
The facility resources are also intended to finance policy, 
regulatory, and institutional reforms that encourage 
clean energy development. Potential investments 
include: 
 
Deployment of new clean energy technology 
Projects that lower the barriers to adopting clean energy 
technologies 
Projects that increase access to modern forms of clean 
and efficient energy for the poor 
Technical capacity programs for clean energy 

biomass, biofuel, biogas 
rural electrification and energy 
access 
distributed energy production 
waste-to-energy projects 
demand-side management projects 
energy-efficient district heating, 
transport, street lighting, buildings 
and end-use facilities 
clean energy power generation, 
transmission, and distribution 
manufacturing facilities of clean 
energy system components, high 
efficiency appliances and industrial 
equipments 
energy service companies 
development 
carbon capture and storage 
integrated gasification combined 
cycle or IGCC, supercritical and 
ultra-supercritical steam 
technologies. 

All DMCs are eligible for the facility 
resources 
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Australian 
Climate 
Finance 
Partnership 
(ACFP) 

concessional financing facility managed by the Asian 
Development Bank (ADB) and funded by the Australian 
Department of Foreign Affairs and Trade (DFAT) through 
a grant contribution of up to AU$140 million. 
 
The ACFP is designed to catalyze financing for private 
sector climate adaptation and mitigation projects in 
eligible countries in the Pacific and Southeast Asia. ACFP 
projects will also promote recovery from the COVID-19 
(Coronavirus) pandemic, as well as gender equality and 
better economic opportunities for women and girls. 
 
The ACFP will respond to market gaps and demand, by 
de-risking and bringing to market high demonstration 
impact projects. The Fund will also aim to partially offset 
the incremental costs associated with climate proofing 
infrastructure and agricultural systems in vulnerable 
countries and regions, particularly in the Pacific. 
 
The ACFP will provide cofinancing to nonsovereign 
climate projects at different stages of development, 
including early stage, growth stage, and greenfield 
projects. It will seek to support a range of private sector 
financing modalities including project finance, corporate 
finance, public–private partnerships, joint ventures, 
privatizations, trade finance, and supply chain finance. 
The ACFP offers a range of financing products to best 
tailor financing solutions to clients, including debt (USD 
and local currency), equity, quasi-equity and mezzanine 

The ACFP will support projects with 
strong anticipated development 
impacts and alignment with the 
strategies of ADB and DFAT. 
Development goals include: 
 
Greenhouse gas emission 
reductions; 
Individuals and communities better 
equipped to adapt to the impacts of 
climate change. 
Gender equality and the 
empowerment of women and girls; 
Private sector development; 
Improved access to financing for 
greenfield construction and early-
stage development; 
Mobilization of public and private 
financing; 
Creation of new job opportunities; 
and 
Improved energy security and clean 
energy capacity. 
 
Eligible project types include the 
following climate mitigation and 
adaptation related subsectors: 
renewable energy, sustainable 
transport, energy efficiency, land-

The ACFP offers financing to 
nonsovereign entities (see below) 
including private sector companies, 
financial institutions, and 
specialized fund managers 
developing projects in the following 
ADB developing members: 
 
Pacific: Cook Islands, the Federated 
States of Micronesia, Fiji, Kiribati, 
the Marshall Islands, Nauru, Niue, 
Palau, Papua New Guinea, Samoa, 
Solomon Islands, Timor-Leste, 
Tonga, Tuvalu, and Vanuatu 
Southeast Asia: Cambodia, 
Indonesia, Lao People’s Democratic 
Republic, Myanmar, Philippines, 
Viet Nam 



 

65 
 

Fund Description / Priorities Eligible Activities Eligible Recipients / Borrowers 

financing, guarantees / risk sharing, and technical 
assistance. 

use and agribusiness, water supply 
and sanitation/wastewater 
treatment, solid waste 
management, blue carbon, 
agriculture and forestry, land use 
management, resilient 
infrastructure, marine and coastal 
ecosystem protection, healthcare, 
and disaster risk management. 
Other project types will also be 
considered if they can demonstrate 
positive climate outcomes. 
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Canadian 
Climate Fund 
for the Private 
Sector in Asia II 

support greater private sector participation in climate 
change mitigation and adaptation in low and lower 
middle income countries and upper middle-income small 
island developing states in Asia and the Pacific. The fund 
will also seek to promote gender equality and the 
empowerment of women and girls in projects supported 
by the fund. 
 
The fund will aim to play a key role in helping the private 
sector overcome development risks (including market 
risks, technology risks, financing risks, regulatory and 
other risks) by offering financing on concessional terms 
and conditions to projects that would not proceed solely 
on a commercial basis. Concessional financing will be 
used to help offset cost hurdles and initiate, scale-up and 
replicate high impact projects in markets that show 
strong potential for growth.  
 
The fund has been designed to provide concessional 
financing in the form of senior loans, subordinated loans 
and risk participations. Fund resources will not be 
invested as equity or any instruments convertible into 
equity. Similar to the first fund, this fund has provision 
for unhedged local currency financing in some markets 
subject to an overall ceiling. 
 
The fund was established as a trust fund and will provide 
co-financing alongside ADB’s ordinary capital resources 
for non-sovereign projects. Fund resources will not be 

The fund will invest in a 
combination of private sector led 
climate mitigation and adaptation 
activities including, but not limited 
to:Clean and renewable energy 
generation; 
 
Energy efficiency; 
Transmission and distribution 
systems for renewable energy 
projects; 
Process emissions; 
Sustainable transport; 
Waste management and 
wastewater projects; 
Water supply and management; 
Agriculture and forestry; 
Land use management; 
Natural resource management; 
Resilient infrastructure; 
Coastal protection; and 
Disaster risk management. 
Projects supported by the fund will 
contribute to increased gender-
responsive economic development 
in eligible countries, and will 
integrate gender equality outputs. 
 
To the extent applicable, projects 

The fund will support NON-
SOVERIGN  projects in Afghanistan, 
Armenia, Bangladesh, Bhutan, 
Cambodia, Fiji, India, Indonesia, 
Kiribati, Kyrgyz Republic, Lao 
People's Democratic Republic, 
Maldives, Marshall Islands, 
Federated States of Micronesia, 
Mongolia, Myanmar, Nepal, 
Pakistan, Palau, Papua New Guinea, 
Philippines, Samoa, Solomon 
Islands, Sri Lanka, Tajikistan, Timor-
Leste, Tonga, Tuvalu, Uzbekistan, 
Vanuatu, and Viet Nam. 
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used to finance stand-alone transactions, meaning ADB 
participation will be necessary in all transactions. ADB is 
responsible for the administration and management of 
the fund, including the selection and approval of 
projects. 

supported by the fund will maximize 
development co-benefits. These 
may include efforts to: 
 
Invigorate local economies; 
Increase the number of incremental 
jobs in communities; 
Benefit consumers; 
Improve health benefits through 
reduced pollution; and 
Improve countries’ competitiveness 
and sustainable development 
initiatives, including economic 
diversification. 
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Canadian 
Cooperation 
Fund on 
Climate 
Change 

established in 2001. It aims to assist and engage ADB’s 
developing member countries at the programming and 
policy level in the management and abatement of 
climate change to reduce the growth of greenhouse gas 
emissions. 
Priority is given to 
 
- The People's Republic of China and India with activities 
relating to the prime objectives of greenhouse gas 
emission reductions 
- Indonesia with activities relating to carbon 
sequestration 
- Pacific countries with activities relating to adaptation to 
climate change 

The objectives of the fund are to: 
- finance project preparation and 
capacity building through technical 
assistance operation for the 
promotion of renewable energy and 
energy efficiency 
- assist projects with potential 
access to climate change 
convention-related mechanisms, 
including the global environment 
facility and the clean development 
mechanism 
- support activities consistent with 
the evolving international rules 
regarding the use of official 
development assistance in the clean 
development mechanism 
- support carbon sequestration and 
adaptation to climate change 
- fund technical assistance projects 
for the provision of policy advice, 
project preparation, training, 
institutional support, and other 
technical assistance and activities 

Grant recipients are ADB's 
developing member countries and 
institutions operating in these 
countries. 
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Carbon 
Capture and 
Storage Fund 

established with Australia as a new single-partner trust 
fund under the Clean Energy Financing Partnership 
Facility in July 2009. It became multi-partner trust fund 
when United Kingdom joined in December 2012.  
 
The fund aims to: 
 
- accelerate the demonstration of carbon capture and 
storage (CCS) technologies; 
- identify, lower and/or eliminate general and country-
specific technical, regulatory, institutional, financial, 
economic, environmental, and/or social barriers to CCS 
technology demonstration; and 
- identify, eliminate or mitigate real or perceived risks in 
CCS capture, transport or storage technology 
demonstration. 

To accelerate the physical 
deployment of carbon capture and 
storage demonstration projects, the 
fund supports: 
- capacity development, 
- geological investigations and 
environmental studies related to 
potential carbon dioxide storage 
sites; and, 
- undertaking community awareness 
and support programs. 
 
Projects funded: 
https://www.adb.org/projects/fund
/Global%20Carbon%20Capture%20a
nd%20Storage%20Institute%2C%20
United%20Kingdom 

All ADB developing member 
countries are eligible to receive 
support from the fund. Initial 
priority will be given to the People’s 
Republic of China, India, Indonesia, 
and Viet Nam. 

Clean Energy 
Fund 

multi-partner trust fund established in April 2007 under 
the Clean Energy Financing Partnership Facility. The 
objective of the facility is to improve energy security in 
developing member countries and decrease the rate of 
climate change through increased use of clean energy. 
 
used to finance operational expenses related to eligible 
projects in the form of foreign exchange and/or local 
expenditures for goods, works, and services from ADB 
member countries following ADB's applicable guidelines 
and procedures. Resources will also be used to engage 

The fund supports technical 
assistance grant components of 
investment projects, and any other 
activities that may be agreed upon 
between financing partners and 
ADB. 

All ADB developing member 
countries are eligible to receive 
support from the fund. 



 

70 
 

Fund Description / Priorities Eligible Activities Eligible Recipients / Borrowers 

the necessary consultants (technical and administrative 
expertise) to support the facility. 

Climate 
Change Fund 

in May 2008 to facilitate greater investments in 
developing member countries (DMCs) to effectively 
address the causes and consequences of climate change, 
by strengthening support to low-carbon and climate-
resilient development in DMCs. CCF plays a key role in 
mainstreaming climate actions in ADB’s operations and is 
critical for achieving the climate targets under Strategy 
2030’s third operational priority of tackling climate 
change, building climate and disaster resilience, and 
enhancing environmental sustainability. 
 
grant component of investments, technical assistance 
(stand-alone and piggy-back or linked to loan), and direct 
charge. It has three components: (i) adaptation, (ii) clean 
energy development, and (iii) reduced emissions from 
deforestation and forest degradation, and improved land 
use management (REDD+ and land use). 

The following types of activities may 
qualify for the fund's support: 
 
Preparation of relevant strategies or 
action plans for DMCs 
Investment in climate change 
mitigation or adaptation measures 
Development of knowledge 
products and services related to 
climate change 
Facilitating knowledge management 
activities, including regional 
conferences and workshops 
Funding to off-set ADB’s corporate 
carbon footprint 

All DMCs are eligible for the fund 
resources. 
 
Project proposals are submitted by 
ADB user departments to the 
Climate Change Steering Committee 
through the fund secretariat. 
Project proposals are reviewed by 
the working groups (i.e., Adaptation 
and Land Use Working Group and 
Clean Energy Working Group) who 
provide the recommendations on 
the applications for the fund 
allocation to the CCSC. The CCSC 
approves the fund allocations to 
projects. In general, applications are 
reviewed in six batches and are due 
on 31 January, 31 March, 31 May, 
31 July, 30 September, and 30 
November. Direct charge 
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applications are reviewed on 
ongoing basis. 

Climate 
Investment 
Fund 

      

Credit 
Guarantee and 
Investment 
Facility 

November 2010 to promote financial stability and boost 
long-term investment in the region. The Credit 
Guarantee and Investment Facility will provide 
guarantees on local currency denominated bonds issued 
by companies in the region. Such guarantees will make it 
easier for firms to issue local bonds with longer 
maturities. This will help reduce the currency and 
maturity mismatches which caused the 1997-1998 Asian 
financial crisis and make the regional financial system 
more resilient to volatile global capital flows and external 
shocks. 

 
Its aim is to help companies, which 
would otherwise have difficulty 
tapping local bond markets to 
secure longer-term financing, 
reduce their dependency on short-
term foreign currency borrowing, 
and address currency and maturity 
mismatch 

The fund will provide guarantees for 
local currency denominated bonds 
issued by investment grade 
companies in ASEAN+3 countries. 
ASEAN+3 consists of 10 members of 
the Association of Southeast Asian 
Nations with the People’s Republic 
of China, Japan, and the Republic of 
Korea. 
 
Brunei Darussalam, Cambodia, 
People's Republic of China, 
Indonesia, Japan, Republic of Korea, 
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Lao People's Democratic Republic, 
Malaysia, Myanmar, Philippines, 
Singapore, Thailand, Viet Nam 

Future Carbon 
Fund 

The fund is a component of ADB's ongoing Carbon 
Market Program (CMP), which provides financial and 
technical support for Clean Development Mechanism 
(CDM) projects. 
 
The fund seeks to: 
- support and encourage energy efficiency and 
renewable energy projects, and other projects with long-
term greenhouse gas (GHG) abatement benefits beyond 
2012 undertaken in developing member countries 
(DMCs) 
- assist Participants that have mandatory or voluntary 
GHG reduction targets and policies beyond 2012 by 
providing ongoing access to certified emission reductions 
(CERs) and verifiable emissions reductions (VERs) 
- enhance the affordability and attractiveness of low-
carbon technologies over conventional options through 

The fund is targeting the following 
project types: 
 
energy efficiency 
industrial technology 
supply-side technology (e.g., 
upgrade of generation equipment) 
public transport and vehicle 
efficiency 
renewable energy 
small-to mid-scale run-of-river 
hydropower 
biomass 
wind power 
solar power 
geothermal power 
methane capture and utilization 
coalmine methane 

Eligible projects should meet the 
following criteria: 
- be located in one of ADB's DMCs 
that is also a non-annex one country 
under the Kyoto Protocol and 
eligible to host CDM projects 
- be (a) financed by ADB through a 
loan, equity investment, or 
guarantee, have entered into an 
agreement(s) with ADB for financing 
the project, or (b) supported with 
technical assistance from ADB's 
Carbon Market Initiative and have 
entered into agreements with a 
third party or parties for financing 
the project (satisfactory to the 
Trustee) 
- generate CERs that result in 
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the reduction of the initial capital barriers of GHG 
mitigation projects 

solid waste and waste water 
treatment 

permanent GHG Reductions and not 
temporary GHG Reductions 
- comply with ADB Operational 
Policies and Procedures 
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Global 
Environment 
Facility (GEF) 

GEF has provided more than $21.1 billion in grants and 
mobilized an additional $114 billion in cofinancing for 
more than 5,000 projects in 170 countries. Through its 
Small Grants Programme, the GEF has provided support 
to more than 25,000 civil society and community 
initiatives in 133 countries. 
 
ADB has been working closely with the GEF since the late 
1990s, and since 2002 has served as one of the 18 
agencies with direct access to GEF resources. The ADB-
GEF partnership is anchored on the recognition of the 
vital links between environment and sustainable 
development. Blending ADB’s financial resources with 
GEF grant resources provides substantial opportunities 
for enhancing local and global environmental benefits of 
projects, through testing of innovations, scaling up 
investments, mainstreaming environmentally sustainable 
approaches, policy reforms and capacity development. of 
countries and Asia and the Pacific. 

Focal areas 
Biodiversity 
Climate change (mitigation and 
adaptation) 
International waters 
Chemicals management 
Land degradation 
 
Impact areas 
Food, land use and restoration 
Sustainable cities 
Sustainable forest management 
(SFM focus on Amazon and Congo 
forest biomes) 
 
Sustainable infrastructure - Scaling 
up integrated approaches for cities, 
urban transport, and air quality 
management 
Livable cities - Demonstrating 
economically competitive, 
environmentally sustainable, and 
socially inclusive urban 
development 
Climate change adaptation - 
Developing comprehensive 
approaches to climate-proof 
vulnerable infrastructure and the 
rollout of ecosystem-based 

See ADB-GEF brochure 
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adaptation 
Clean energy - Meeting energy 
security needs, facilitating a 
transition to a low carbon economy, 
and providing universal access to 
energy 
Natural capital management -  
Developing programs for the 
rehabilitation of degraded 
landscapes, freshwater, and coastal 
areas to protect biodiversity and 
improve water and food security 
Regional cooperation and 
integration - Addressing cross-
border social, economic, and 
environmental issues, under large, 
multi-country programs 

Green Climate 
Fund 
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High Level 
Technology 
Fund 

Grant financing to promote the integration of HLT and 
innovative solutions into ADB-financed and administered 
sovereign and nonsovereign projects throughout the 
project cycle—from identification to implementation and 
operation. The fund encourages more widespread 
adoption of HLT to address development challenges in 
developing member countries. 
 
broad range of innovative technologies and solutions 
that enable technological development and/or the 
scaling up of the technology deployment in the recipient 
country. 
 
The HLT Fund also supports the Partnership Technical 
Assistance (TA), or so-called Technology Innovation 
Challenge, which seeks proposals of proof-of-
concept/pre-feasibility studies of HLT applications from 
technology providers in developing countries’ context. 
Selected proposals (about three in one round) can 
receive a maximum of $500,000 grant each, where 
technology providers can co-finance. More information is 
available at the Technology Innovation Challenge 
webpage.  

The HLT and innovative solutions to 
be supported by the fund will have 
at least one of the following 
characteristics: 
improves efficiency, productivity, 
quality, functionality, and/or access 
to service delivery; 
addresses climate change 
mitigation, and adaptation, 
including resilience to disaster risks; 
introduces innovation in processes, 
methods, techniques, and the use of 
new improved equipment and 
materials in construction, 
operations, and maintenance; 
reduces environmental and social 
costs; 
reduces life-cycle cost, increases 
durability, and improves long-term 
performance; 
enhances the scaling up of HLT and 
market opportunities for scale-up; 
and 
promotes synergies and increases 
scale and impact through cross-
sector collaboration. 
 
To ensure strategic resource 
allocation, eligibility for the fund will 

Projects from all ADB developing 
member countries are eligible for 
financing from the fund. 
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be based on a technology list 
updated annually. While all sectors 
are eligible, initially envisaged 
sectors include, but are not limited 
to, energy, transport, urban, and 
water sectors. Proposals for specific 
development challenges from 
technology providers will also be 
considered through the Partnership 
TA. 
Technology list 2020 includes 
"Criteria Air Contaminants (CAC) 
Reduction Technology (air pollution 
mitigation)", and "Climate Change 
Mitigation / Adaptation 
Technology" 
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Japan Fund for 
the Joint 
Crediting 
Mechanism 

The use of grants under the fund will demonstrate the 
effectiveness of the JCM and provide a source of 
additional funding to eligible ADB developing member 
countries (DMCs). The fund will also offer the 
opportunity for recipients to engage in projects with 
strong development characteristics and long-term 
climate-change mitigation benefits. 
 
The fund is aiming to support projects co-financed with 
ADB or ADB-administered funds or stand-alone projects 
which adopt advanced low carbon technology that can 
reduce GHG emissions, with the priority on long-term 
carbon dioxide reducing from energy-related activities 
that contribute to GHG emission reduction. The fund will 
also use its resources to provide technical support to the 
recipients in meeting the requirements of the JCM. 
 
The advanced low carbon technology used by the project 
must have a proven implementation and operation 
record in relation to its technical effectiveness. Also, the 
project's GHG emission reduction capacity must have 
been established. Technologies in any sector are 
applicable as long as they meet the above criteria. 

JCM requirements: 
 
Defining the JCM methodology. 
Preparation of the project design 
documents (PDDs). 
Validation by third party entities 
(TPEs). 
Registration of the project with the 
JCM. 
Monitoring and verification of 
greenhouse gas (GHG) emission 
reduction.  
Issuance of the JCM credits and 
delivery to both governments. 
Environmental and social impact: 
 
A reduction of environmental 
pollution, including air or water 
pollution, solid waste treatment, or 
conservation of natural resources; 
and /or 
Other social economic benefits, 
including increased job creation 
opportunities and better access to 
basic infrastructure. 
Additional criteria for non-sovereign 
projects: 
 
Concessional financing created by 

Eligible recipients are: 
 
For sovereign investment projects – 
governments of eligible ADB DMCs, 
that have signed a bilateral 
agreement with the Government of 
Japan for the development of the 
JCM at the time of financing. 
For nonsovereign investment 
projects – borrowers/clients of 
projects to be implemented in 
eligible DMCs. 
For TA projects – those included in 
(1) and ADB DMCs that have 
initiated discussions with the 
Government of Japan on the signing 
of a bilateral agreement for the 
development of the JCM. 
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buying down the interest margin by 
using the fund is “additional” in that 
some concessional financing is 
necessary for the project to be 
viable or acceptable from a risk–
reward perspective. 
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Leading Asia's 
Private 
Infrastructure 
Fund 

March 2016. The fund is an infrastructure co-financing 
fund, expected to leverage and complement ADB’s 
existing nonsovereign platform to fill financing gaps and 
increase access to finance for infrastructure projects in 
the region. Japan International Cooperation Agency 
(JICA) has made a contribution to the fund. 
 
nonsovereign infrastructure projects at different stages 
of development, including early stage, growth stage, and 
greenfield and brownfield projects. It will support 
projects with strong anticipated development impacts 
and alignment with the strategies of ADB and JICA. The 
fund will undertake project finance (nonrecourse or 
limited recourse) and corporate finance transactions, and 
will seek to support a range of private sector 
participation modalities including public–private 
partnerships, joint ventures, private finance initiative 
projects, and privatizations, as well as conventional 
project finance. 

Eligible project types will include the 
following infrastructure subsectors: 
 
energy, including renewable energy 
generation, energy efficiency and 
conservation, and natural gas 
transmission and distribution; 
water and other urban 
infrastructure and services, 
including water, wastewater, and 
solid waste management; 
transport, including road transport, 
water transport, rail transport, air 
transport, multimodal logistics, 
urban roads and traffic 
management, and urban public 
transport; 
information and communication 
technology; and 
health. 
The fund will extend ADB’s 
operations by deploying both 
commercial and concessional capital 
from the same fund, and 
cofinancing will be provided in the 
form of loans, equity investments, 
and mezzanine finance transactions. 

The fund will provide financing to 
companies and projects, as well as 
to financial intermediaries (e.g., 
holding companies and local 
currency vehicles) where there is a 
link to Infrastructure (with the 
exclusion of private equity funds). 
 
Eligible countries include ADB 
developing member countries that 
are also eligible for official 
development assistance (ODA) from 
Japan. 
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Urban 
Financing 
Partnership 
Facility 

November 2009 for investment co-financing and 
technical assistance for urban environment 
infrastructure that benefits the poor. It is comprised of 
the following: 
 
- Urban Climate Change Resilience Trust Fund (Multi-
Partner Trust Fund) 
- Urban Environmental Infrastructure Fund (Single-
Partner Trust Fund) 
- Cities Development Initiative for Asia (Multi-Partner 
Trust Fund) 
- ASEAN Australia Smart Cities Trust Fund (Single-Partner 
Trust Fund) 
 
The aim of the facility is to raise and utilize development 
partner funds for investment co-financing in urban 
environmental infrastructure projects and support a 
wide range of technical assistance to help lay the 
groundwork for such projects. 
 
The facility prioritizes investments in climate change 
mitigation and adaptation of urban infrastructure 
projects by local governments and cities that benefit the 
poor. 

The facility supports public 
transport, water supply and 
sanitation, solid waste management 
and urban renewal projects that are 
inclusive and benefit the poor, and 
are environmentally sustainable. It 
provides: 
 
technical assistance for building 
DMC/local government/utility 
capacity for (a) pre-feasibility 
assessments and project structuring 
(b) project implementation, (c) 
guarantees utilization; 
early-stage investment or viability 
gap financing; and 
guarantees to help build a pipeline 
of pro-poor bankable urban 
environmental projects that are 
able to borrow cost effectively from 
domestic markets and stimulate 
long-term investment interest from 
mainstream investors. 

(depends on the specific fund) 
 
Most likely useful fund is the Ubran 
Environmental Infrastructure Fund 

 




