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The objective of the thesis is to create a comprehensive overview of energy sec-
tor’s greenhouse gas emission regulation from the point of view of finance. The 
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1 INTRODUCTION 

The objective of the thesis is to create a comprehensive overview of energy sec-

tor’s greenhouse gas emission regulation from the point of view of finance, and 

the energy related financing practices and policies of selected institutions and or-

ganizations. The aim is to examine how the energy sector has changed, and will 

change in the future due to the implications of climate change mitigation. The pur-

pose of the thesis is to also explain all of the greenhouse gases involved in the 

upstream, midstream, and downstream energy activities, as well as the most rel-

evant global agreements regarding greenhouse gas emission regulation within the 

energy sector. 

Climate change and greenhouse gases are discussed in the beginning of the thesis. 

Energy sector related greenhouse gases, and their sources, as well as the most 

important global agreements on greenhouse gases and climate change are intro-

duced. 

The greenhouse gases emitted from fuel combustion and production are discussed 

in the second chapter. The last chapter discusses the financing practices of varying 

multilateral institutions within the energy sector, and how climate change mitiga-

tion is reflected in them. 

1.1 Effects of Climate Change 

Climate change is caused by greenhouse gases accumulating to the Earth’s atmos-

phere. The global warming has reached 1,1 degrees above pre-industrial levels to 

date. 1 Climate change has caused a multitude of phenomena that would not have 

occurred in the absence of anthropogenic greenhouse gas emissions. Many effects 

 

 

1 United Nations, 2021 
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are already experienced around the world. The consequences of climate change 

include more frequent and severe weather, higher death rates, dirtier air, higher 

wildlife extinction rates, acidification of oceans, and higher sea levels.2 

Longer warm seasons extend the pollen season, exposing the population to in-

creased allergic and asthmatic episodes. Higher concentrations of ground-level 

ozone are also associated with higher temperatures. Ground-level ozone is harm-

ful to, for example, lungs, leading to increased hospital admissions and premature 

deaths.3 

Sea level rise has accelerated by a double since the 90’s. The melting of ice covers, 

glaciers, and thermal expansion of oceans caused by carbon dioxide absorption 

have accelerated the sea level rise. Ice loss in the Arctic is evident at the end of 

the summer. The area has decreased by 40 per cent since the late 70’s. The ice 

loss is irreversible in some regions of the world. 4,5 

Marine biodiversity loss is induced by acidification. Coral reefs and the thousands 

of species they inhabit are at risk, due to coral bleaching caused by rising water 

temperatures, hurricane surges, and waves scouring the reefs with sediment. The 

ocean’s temperature rise, deoxygenation, and acidification are irreversible.6,7 

Climate change alters the habitats of many ecosystems. Some animal species have 

migrated to different regions due to the warming of their natural habitat. Some 

 

 

2 NRDC, 2016 
3 Centers for Disease Control and Prevention 
4 Intergovernmental Panel on Climate Change, 2021 
5 National Oceanic and Atmospheric Administration, 2019 
6 Intergovernmental Panel on Climate Change, 2021 
7 National Oceanic and Atmospheric Administration, 2019 
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animal species, polar bears for one, are estimated to go extinct if the global warm-

ing increases significantly.8 

Hot extremes, heatwaves, and extreme weather events are becoming more fre-

quent with the global warming. Extreme weather events include floods, heavy 

rains, snow, wind, and temperature changes. Intensified hurricanes and cyclones 

are also expected to occur more frequently.9,10 

Weather extremes damage infrastructure, such as electricity and water, and dis-

rupt livelihoods. Extreme heat can cause death in vulnerable people and outdoor 

workers. Food insecurity, poverty, and inequality are estimated to increase, while 

economic growth is estimated to become hampered as a result of climate 

change.11 

Low-income, rural population, and Small Island Developing States (SIDS) are 

amongst the most vulnerable to the impacts of climate change. SIDS are at risk of 

death, ill-health, and disrupted livelihoods due to flooding, sea level rise, and 

storms. Damage and adaptation costs can reach several percentages of GDP. Low-

income population experiences direct effects of climate change in the form of dis-

rupted livelihoods and food agriculture, and destructed homes. Indirect effects in-

clude food insecurity and the price of food. Health risks and death caused by mal-

nutrition are expected to grow in low-income countries due to limited food avail-

ability. Rural areas are affected by limited supply of water for drinking and agricul-

tural purposes. The negative impacts on rural livelihoods and agricultural produc-

tivity are most experienced in dry regions. Vulnerable communities and low-in-

 

 

8 Intergovernmental Panel on Climate Change, 2021 
9 Intergovernmental Panel on Climate Change, 2014 
10 National Oceanic and Atmospheric Administration, 2019 
11 Intergovernmental Panel on Climate Change, 2014 
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come populations experience the most effects due to limited ability to cope. Cli-

mate change will mainly affect human health by worsening already existing health 

problems.12 

Climate change, environmental issues, and energy go hand in hand. Climate 

change mitigation entails major global shifts in energy production and consump-

tion. Climate change mitigation policies can be harnessed to change the fuel con-

sumption preferences away from high-carbon fuels and thus, also alter the prices 

of varying energy sources. Climate change and energy are not merely an environ-

mental or quality of life issue, they also present threats to security and peace. 13 

1.2 Greenhouse Gas Emissions 

The atmosphere consists mainly of nitrogen, oxygen, argon, and water vapor. 

Their combined share constitutes 95,5 per cent of the atmosphere. The remaining 

0,5 per cent, 500 ppm unaccounted for, are trace gases. A plethora of compounds 

constitute the trace gases. Most notably, trace gases include what we know as 

greenhouse gases. The contribution of the 0,5 per cent to climate change is sur-

prisingly large. Greenhouse gases include carbon dioxide, methane, nitrous oxide, 

and fluorinated gases, which are hydrofluorocarbons, perfluorocarbons, sulphur 

hexafluoride and nitrogen trifluoride. Most prominent greenhouse gases in the 

power sector are CO2, CH4, and N2O. The focus of the thesis is mainly on these 

three greenhouse gases.14 

The carbon dioxide concentration of the atmosphere was 413 ppm in the year of 

2020. Carbon dioxide causes about 20 per cent of the Earth’s greenhouse effect, 

being the second largest contributor after water vapor. Water vapor is a naturally 

 

 

12 Intergovernmental Panel on Climate Change, 2014 
13 Shaffer, 2011 
14 Dessler, and Parson, 2020 
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occurring greenhouse gas. Water vapor and naturally occurring carbon dioxide 

have kept Earth’s temperatures suitable for human life. When discussing green-

house gases and related emissions, naturally occurring water vapor and carbon 

dioxide are excluded. The greenhouse gases referred to in this thesis are of an-

thropogenic origin.15 

The consequence of anthropogenic greenhouse gases is the increased warming of 

the atmosphere. However, the degree of global warming cannot be directly as-

sumed by the amount of anthropogenic GHG emissions emitted. In general terms, 

about half of the carbon dioxide emitted remains in the atmosphere, and the other 

half is absorbed by land ecosystems and oceans. The carbon dioxide that remains 

in the atmosphere is referred to as airborne fraction. It is used to illustrate the 

balance between sinks and sources. Airborne fraction has stayed relatively stag-

nant until now because the sinks have grown at the same time as the emissions 

have increased. However, the future might look a bit different. Climate change 

causes droughts and wildfires, and they decrease the land ecosystems’ ability to 

absorb carbon dioxide. A similar story can be told for oceans since ocean uptake 

is impaired due to higher sea-surface temperatures and decreased pH caused by 

carbon dioxide absorption. 16 

 

 

15 Dessler, and Parson, 2020 
16 World Meteorological Organization, 2021 
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Figure 1. Fate of anthropogenic CO2 emissions (2011–2020)17 

This makes it evident that not all GHGs emitted get trapped in the atmosphere. 

However, even the GHGs that do remain in the atmosphere, do not equate the 

extent of global warming. Greenhouse gases cause the atmosphere to warm. As 

the atmosphere warms, it holds more water vapor, which is also a greenhouse gas. 

This phenomenon alone can even double the degree of global warming. Water 

vapor typically lasts in the atmosphere less than 10 days.18 

1.2.1 Carbon Dioxide 

Carbon dioxide is the largest contributor to anthropogenic greenhouse gas emis-

sions and the warming of the atmosphere above pre-industrial levels. Carbon di-

oxide emissions originate mainly from fossil fuel combustion and industrial pro-

cesses. Deforestation and changes in land use also increase the carbon dioxide 

concentration of the atmosphere. Fossil fuel utilization amounted to 31,5 giga 

 

 

17 Global Carbon Project, 2021 
18 Dessler, and Parson, 2020 
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tonnes of emitted carbon dioxide, and land use and deforestation contributed to 

an additional 5,7 giga tonnes in the year of 2020. Natural phenomena releasing 

carbon dioxide to the atmosphere include, for example, volcanic eruptions and 

respiration. Even though the COVID-19 pandemic had the effect of lowered fossil 

fuel consumption, the carbon dioxide concentration of the atmosphere is steadily 

rising.19 The pre-industrial level of carbon dioxide concentration in the atmos-

phere was 278 ppm. The concentration reached 413 ppm in the year of 2020. Thus, 

the concentration increased by 149 per cent compared to the pre-industrial 

level.20 

1.2.2 Methane 

Methane is a potent greenhouse gas. Methane alone accounts for roughly 30 per 

cent of the global warming. Anthropogenic methane emissions come from 

sources, such as waste decomposition in landfills, rice agriculture and other agri-

cultural activities, fossil fuel related activities, biomass burning, and livestock 

farming. 

Methane emissions from fossil fuel production are largely attributed to fugitive 

emissions. Methane has a Global Warming Potential (GWP100) of 28, according to 

IPCC’s Fifth Assessment Report.21,22 Anthropogenic methane emissions account 

for 60 per cent of the atmospheric concentration, and the remaining 40 per cent 

originates from natural sources. The atmospheric concentration of methane has 

increased from the pre-industrial level of 0,72 ppm to 1,88 ppm, as of 2020. The 

methane concentration of the atmosphere has increased by 262 per cent. Me-

thane lasts in the atmosphere for about twelve years, while carbon dioxide lasts 

 

 

19 UNFCCC, 2021 
20 World Meteorological Organization, 2021 
21 Ritchie, and Roser, 2020 
22 Greenhouse Gas Protocol, 2013 
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for several hundreds of years, and up to a thousand.23 Recently methane emission 

mitigation has gained an increased attraction due to studied cost-efficiency of 

abatement and short-term climate benefits.24  

 

Figure 2. Methane Emissions by Sector, World 25  

1.2.3 Nitrous Oxide 

Nitrous oxide is another potent greenhouse gas, which originates from sources 

such as fertilizers, nitric acid production, and combustion of fossil fuels and bio-

mass. Most of nitrous oxide emissions originate from fertilizer usage. Fertilizer is 

not only utilized by the agricultural crops, as intended, but soil’s microbes use the 

nitrogen from the fertilizer to create nitrous oxide, which is then released to the 

atmosphere. The Global Warming Potential (GWP100) of nitrous oxide is 265 

 

 

23 Ritchie, and Roser, 2020 
24 World Meteorological Organization, 2021 
25 Ritchie, and Roser, 2020 
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times higher than that of carbon dioxide.26 Nitrous oxide is also destructive to the 

ozone layer and lasts in the atmosphere on average for 121 years.27 Anthropogenic 

sources are responsible for 40 per cent of the atmospheric concentration of ni-

trous oxide. The concentration of nitrous oxide in the atmosphere is 0,33 ppm, 

being 123 per cent higher in the year of 2020 compared to pre-industrial levels, 

while manure and fertilizers constitute 70 per cent of anthropogenic nitrous oxide 

emissions. 28 

 

Figure 3. Nitrous Oxide Emissions by Sector, World 29 

 

 

 

26 Greenhouse Gas Protocol, 2013 
27 Ritchie, and Roser, 2020 
28 World Meteorological Organization, 2021 
29 Ritchie, and Roser, 2020 
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1.2.4 Other Greenhouse Gases 

Fluorinated gases include hydrofluorocarbons (HFC), perfluorocarbons (PFC), sul-

phur hexafluoride, and nitrogen trifluoride. They are found in the atmosphere in 

small quantities, but they have high global warming potentials.30 

Chlorofluorocarbons were replaced by hydrofluorocarbons under the Montreal 

Protocol, because HFCs are less potent greenhouse gases than CFCs. They are used 

as aerosols and refrigerants.31 

Perfluorocarbons are used as solvents and refrigerants. PFCs are also emitted from 

aluminium production. Nitrogen trifluoride is used in the semiconductor and 

chemical industry. It can be used to make rocket fuels and other chemicals.32 

Sulphur hexafluoride is another very strong GHG found in low amounts in the at-

mosphere. It is mainly emitted from the chemical industry and it can be used as 

an electrical insulator.33 

 

Figure 4. Global Greenhouse Gas Emissions by Gas (2016)34  

 

 

30 Means, and Lallanilla, 2021 
31 NASA, 2022 
32 Ishii, and Kita, 2000 
33 World Meteorological Organization, 2021 
34 Ritchie, and Roser, 2020 
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1.3 Energy Production and Emissions 

Energy production is the main contributor to anthropogenic greenhouse gas emis-

sions (See Figure 5). Most of the emissions are caused by fossil fuel combustion. 

According to IPCC, 90 per cent of carbon dioxide emissions and 75 per cent of the 

total GHG emissions come from fossil fuel combustion in the high-income coun-

tries. Carbon dioxide constitutes 95 per cent of energy sector GHG emissions and 

the remaining five per cent is attributed to methane and nitrous oxide. The emis-

sions from energy sector are divided into emissions from combustion, fugitive 

emissions, and emissions that do not involve combustion.35 

Oil, gas, and coal combustion are the largest contributors to carbon dioxide emis-

sions. Cement and flaring represent a marginal contribution. Coal is the worst fos-

sil fuel in terms of carbon dioxide emitted from its’ usage. Natural gas emits the 

least carbon dioxide out of the fossil fuels.36 

The latest carbon dioxide emission increases from coal usage were detected in 

industrializing countries, such as China, South Africa, and India, while a decreasing 

trend was noted in industrialized countries. Russia and the US are included in the 

leading emitters of carbon dioxide from gas operations. Cement sector emissions 

can be largely attributed to China.37 

 

 

35 Intergovernmental Panel on Climate Change, 2006 
36 Ritchie, and Roser, 2020 
37 Ritchie, and Roser, 2020 
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Figure 5. Global Greenhouse Gas Emissions by Economic Sector38 

The economic sector breakdown of total GHG emissions is illustrated in Figure 5. 

Electricity and heat production (25%) is dominant, followed by agriculture, for-

estry, and other land use (24%). Roughly a quarter of global emissions come from 

agriculture and land use, and the rest from energy.39 

 

 

 

38 Environmental Protection Agency, 2010 
39 Environmental Protection Agency, 2010 
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Figure 6. Global energy-related CO2 emissions by sector40 

As illustrated in Figure 6, carbon dioxide emissions from the energy sector come 

mainly from transport (23%), power oil, gas, and coal (40%), industry (23%) and 

buildings (10%). 

Energy production and agriculture are the leading methane emitting sectors. A 

third of the total methane emissions originate from fossil fuel sources (See Figure 

7). Methane emissions in the energy sector come from coal, oil, gas, and bioen-

ergy. Oil and gas combined generate most of the methane emissions in the energy 

sector. Both oil and gas were responsible for equal parts of emitted methane in 

the year of 2020.41 

 

 

40 International Energy Agency, 2021 
41 International Energy Agency, 2021 
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Figure 7. Sources of Methane Emissions42 

1.3.1 Upstream and Midstream Emissions 

Emissions from fuel production, extraction, and processing are referred to as up-

stream emissions. Midstream emissions include emissions from distribution and 

transmission, while downstream emissions are mainly attributed to fuel combus-

tion.43 Methane up-, and midstream emissions are harder to abate from coal than 

oil and gas. Coal up-, and midstream methane abatement is expensive and more 

challenging because sources of methane emissions are dispersed and carry low 

concentrations.44 Up-, and midstream oil and gas methane emission mitigation can 

be done at a very low cost, or no cost at all via fugitive emission abatement. Fugi-

tive emissions and non-combustion emissions originate from venting, flash losses, 

leaks of equipment, and flaring, among others.45,46,47 

 

 

42 International Energy Agency, 2021 
43 Nature Communications, 2020 
44 International Energy Agency, 2021 
45 Intergovernmental Panel on Climate Change, 2019 
46 Intergovernmental Panel on Climate Change, 2019 
47 Laconde, 2018 



26 

 

Figure 8. Well-to-city-gate GHG intensities of natural gas supplies from individual 
fields to China using the 100-year timeframe global warming potential 
(GWP100)48 

It is estimated that fugitive emissions can be reduced by 66 per cent if a leak de-

tection and repair (LDAR) program is carried out on a quarterly basis. The LDAR 

program detects unintentional leaks from up-, and midstream activities. These un-

intentional leaks are often caused by faulty equipment and components. Up-

stream emissions are leak detected in processing, gathering and wells, and mid-

stream emissions in distribution and transmission systems. Emissions could be fur-

ther decreased if the procedure was done more frequently. However, it is usually 

not feasible. 49 

 

 

48 Nature Communications, 2020 
49 International Energy Agency, 2021 
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Other feasible ways to abate fugitive leaks and non-combustion emissions in up-, 

and midstream activities are mitigating vapor leaks with recovery units, avoiding 

venting with upgraded equipment, and so on. 50,51 

1.3.2 Energy Efficiency 

Efficiency describes how well energy is converted into useful work. It is defined as 

the relation of output energy to input energy. Energy losses occur throughout the 

stages of thermal power generation. In order to save fossil fuel sources, the effi-

ciencies of thermal power plants need to be improved. The main prime mover 

types used in conventional thermal power plants are gas turbine (GT), boiler, and 

reciprocating internal combustion engine (RICE).52 

The reciprocating internal combustion engine has a higher electrical efficiency 

than the single cycle gas turbine. In a CHP (combined heat and power) application 

waste heat from the exhaust gas and cooling circuits of RICE are recovered.  RICE 

can achieve a 90 per cent fuel efficiency, where around 44 per cent generates elec-

tricity, and the rest heat and cool.53,54,55 

Some general efficiencies that can be achieved for different power plant prime 

mover types are presented in Table 1. 

 

 

50 International Energy Agency, 2021 
51 International Energy Agency, 2022 
52 Zhang, 2020 
53 Krarti, 2018 
54 Environmental Protection Agency, 2015 
55 Wärtsilä, 2020 



28 

Table 1. BAT-associated Energy Efficiency Levels (BAT-AEELs) for Selected Types 
of Combustion Units56 

Type of combustion unit Net electrical effi-

ciency, new unit (%) 

Net total fuel utilization 

(%) 

New Coal-fired boiler plant > 1000 

MWth 

45-46 75-97 

New Oil-fired boiler plant >36,4 80-96 

New Oil-fired RICE single cycle 41,5-44,5 - 

New Oil-fired RICE combined cycle >48 - 

New Oil-fired open cycle gas turbine >33 - 

New Oil-fired combined cycle gas 

turbine 

>40 - 

New Gas-fired boiler 39-42,5 78-95 

New Gas engine 39,5-44 56-85 

>50 MWth New open cycle gas tur-

bine  

36 – 41,5 - 

Gas-fired combined cycle gas turbine 

New 50 - 600 MWth 

New > 600 MWth 

 

53-58,5 

57 – 60,5 

65-95 

 

 

56 European Union, 2017 
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Net electrical efficiencies are for electricity generation only power plants. The net 

total fuel utilization represents how much of the energy contained in the fuel can 

be utilized when the CHP plant in question produces both heat and electricity. 

Achievable net total fuel utilization percentage depends mainly on the properties 

of the produced heat, such as outlet steam pressure and temperature. 57 

1.4 Global Agreements 

1.4.1 Kyoto Protocol 

UN Framework Convention on Climate Change (UNFCCC) was the first major con-

vention on addressing climate change. Nowadays almost all of the world’s coun-

tries are members of the convention. UNFCCC is the parent treaty of the Kyoto 

Protocol.58 

The Kyoto Protocol was introduced in the Conference of the Parties held in Kyoto 

1997. The Kyoto Protocol was the world’s first legally binding treaty on green-

house gas emissions, implemented in 2005.59 The protocol established a concrete 

goal of reducing GHG emissions within industrialized countries by five per cent 

compared to 90’s level to address climate change. The industrialized countries that 

had obligations under the treaty are called Annex I parties. The cumulative per-
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centage was not applied across the board. Each Annex I party had their own ‘as-

signed target’ for emission reduction, differing from the collective percentage of 

five. The EU, for example, had a target of reducing emissions by 8 per cent.60 

The Annex I parties determined the means of reaching their goals on a national 

level. The Kyoto Protocol accounted for six GHG emissions in six sectors. The sec-

tors were agriculture, energy, waste, land use, industrial processes and solvents 

and other product use. A seventh greenhouse gas was added to the second com-

mitment period. The countries could decide for themselves which GHGs and sec-

tors to target, giving leeway to determine and execute the most cost-efficient 

pathway to reduce emissions.61 

The protocol established market-based mechanisms of emission permit trade for 

the Annex I parties to use if the countries could not reach their assigned amount 

of reduction domestically. The trade was done via ‘Kyoto Units’ using three market 

mechanisms. The mechanisms included joint implementation, clean development 

mechanism and emission trading. Emission trading enabled countries which ex-

ceeded their emission reduction targets to sell ‘emitting rights’ to those who did 

not achieve the required reduction. The mechanism allowed the cumulative re-

duction to remain unchanged, but rather be redistributed among Annex I parties. 

Joint implementation and clean development mechanism facilitated projects to 

other countries. The mechanisms were utilized when emission reductions could 

not be done cost-effectively, or otherwise, within the country’s own borders.62,63 

The first commitment period of the protocol started from 2008 and ended in 2012. 

The 37 industrialized countries that were asked to join the collective effort in the 
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first commitment period included a good chunk of current EU members, Australia, 

Canada, Japan, Russia, the US, among others. However, all of these countries did 

not ratify the protocol. The countries that ratified the agreement constituted only 

18 per cent of global emissions. The USA was one of the developed countries that 

did not ratify the treaty.64 

The Kyoto Protocol held merely developed countries accountable for emission re-

duction, and the reasoning behind the decision was that developed countries have 

initiated the climate change as the current and historic emitters of GHG emissions. 

China and some developing countries stated that the industrialized countries’ his-

tory of emitting GHGs has led to the current global threat that climate change op-

poses. The opinion was that industrialized countries shall bear the burden of de-

creasing emissions, alluding to that their economies developed to their current 

standings through their access to cheap energy.65 

The problem with the protocol was that countries like China and India were not 

asked to join the efforts, even though their energy consumption and GHGs were 

on the rise. It did not take until 2007 for China to surpass the USA as the biggest 

emitter of GHGs. In short, the major issue of the protocol was that no developing 

countries were put under obligation, and the largest emitters, like the US and 

China, did not get involved.66 

The Kyoto Protocol also had some unfortunate issues with the reporting of GHG 

emissions. Some countries moved their domestic production processes to coun-

tries with no obligation under the treaty. Reporting was seen as inaccurate, with 

no real follow-ups made on the projects’ actual ability to reduce GHG emissions. 

 

 

64 European Union 
65 Shaffer, 2011 
66 Shaffer, 2011 



32 

Another issue of the agreement was that there were little to no penalties in place 

for violations of the treaty.67 

The second commitment period of the treaty lasted between 2013 and 2020. The 

participants of the second commitment period set a goal of reducing emissions 

cumulatively by eighteen per cent compared to the 90’s level. Countries that com-

mitted to reduce their GHG emissions under the Kyoto Protocol’s second commit-

ment period included EU, Iceland, Australia, and a few other countries. The second 

commitment period failed to engage most of the emitters of GHG emissions. Ni-

trogen trifluoride was added as a seventh greenhouse gas to be accounted for 

during the period, otherwise the same Protocol was implemented. 68,69 

1.4.2 Paris Agreement 

The Paris Agreement is a legally binding agreement on climate change, established 

in 2015 at 21st Conference of the Parties. UNFCCC is the parent treaty of the Paris 

Agreement and the Kyoto Protocol. The Agreement was monumental, because for 

the first time ever, almost all of the world’s countries committed to reduce GHG 

emissions. The treaty has been ratified by 193 countries today. These countries 

committed to a joint effort of limiting the warming of the Earth’s atmosphere to 2 

degrees, and to go even further and strive for 1,5 degrees.70 

The countries created NDCs, Nationally Determined Contributions, under the 

Agreement, which outline national policies and plans of reducing emissions. NDCs 

are outlined and defined on a national level by each country’s government. NDCs 
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are a country’s plan to reduce emissions and adapt to climate change. The coun-

tries set Intended Nationally Determined Contributions, INDCs, in preparation of 

COP21. INDCs were published to demonstrate the level of ambition countries had 

before the COP. The updated NDCs were bound to be published by 2020. NDCs 

have regular reporting requirements on implementation, emissions, and their 

achieved reduction. They are updated every five years to match the current level 

of a country’s ambition. Collective progress towards the Paris Agreement goals is 

assessed every five years and the scope of climate action is reassessed. The next 

assessment will be done in 2023.71,72 

The Nationally Determined Contributions Synthesis Report was made in prepara-

tion of COP26. The Synthesis Report puts together information on all the so far 

received NDCs. It shows that many countries provided concrete and numerical 

mitigation targets, while others provided plans and strategies without quantifiable 

targets. All mitigation sectors were covered in the NDCs by most countries. The 

most common GHGs covered by the NDCs are carbon dioxide, methane, and ni-

trous oxide. Many also include HFC emissions, and some PFC, sulfur hexafluoride, 

and nitrogen trifluoride emissions. Most of the updated NDCs show more ambi-

tious plans made for 2025 and 2030 compared to INDCs. Most countries started 

implementing their NDCs on 1.1.2021.73 

Almost every country named domestic mitigation measures as their main tool for 

reducing emissions. The most common domestic measure is increasing the share 

of renewable energy, especially in electricity generation. Increasing the share of 

electricity in energy supply was frequently mentioned as well. Other common do-

mestic measures are increasing energy efficiency of buildings, low-carbon fuels, 
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waste-to-energy, and manure management. Frequent themes included carbon 

pricing, circular economy, and energy efficiency. The most popular carbon seques-

tration measures were reforestation, afforestation, and reducing deforestation.74 

If the NDCs announced were fully implemented, global emissions would peak be-

fore 2030. However, the carbon budget of limiting warming to 1,5 degrees would 

be used up by 89 per cent in 2030 if all NDCs were implemented. The carbon 

budget to limit warming to 2 degrees would be used up by 39 per cent in 2030. 

The estimation raises concern and entails that immediate action needs to be taken 

to limit emissions before the year of 2030, especially if the warming would like to 

be kept under 1,5 degrees. The NDCs announced before COP26 need to be up-

dated to more ambitious ones to get there.75 

 

Figure 9. Possibility of Peaking Emissions Under Full Implementation of NDC’s 76 
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The Paris Agreement includes a notion that developed countries should help de-

veloping countries reach their NDCs through climate finance. Climate finance is 

directed towards mitigation and adaptation. Developing countries are assisted not 

only through finance, but also other forms of capacity building. The other forms 

include, for example, technology development, training, and public awareness. 

Capacity building is generally done regionally, multilaterally, and bilaterally.77 

The Paris Agreement developed a technology framework, which has a purpose of 

accelerating innovation and technological advancement to create a more sustain-

able future. The role of innovation is defined as an efficient and long-term re-

sponse to climate change. It is used as means of promoting sustainable develop-

ment and economic growth. The Paris Agreement emphasizes that all financial 

flows need to be aligned with the Agreement’s goals in order to mitigate climate 

change and achieve required GHG emission reductions.78 

Paris Agreement states that in order the global warming to be limited to the de-

sired level, countries need to reach their peak GHG emissions as soon as possible. 

It was recognized that developing countries will take longer to do so. The respon-

sibility of the developed countries is to both, reducing domestic emissions, and 

helping developing countries reduce theirs.79 

The Paris Agreement acknowledges that mitigation and adaptation are intercon-

nected. While adaptation is important, mitigation is equally important because it 

reduces the future need for adaptation. On the other hand, adaptation must be 
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funded because countries are already experiencing the consequences of climate 

change.80 

1.4.3 Glasgow 26th United Nations Climate Change Conference of the Parties 

The Conference of the Parties, COP, is a conference for the members of the United 

Nations Framework Convention on Climate Change (UNFCCC). Almost all of the 

world’s countries are members of the Convention. The 26th COP was held in Glas-

gow in 2021. The COP was originally planned to be held in 2020, but due to the 

COVID-19 pandemic, the COP was postponed by a year. COPs are one of the largest 

international meetings in the world. Each country is represented in COPs by offi-

cials, which participate in negotiations between governments. Despite the COVID-

19 pandemic, COP26 was the biggest COP to date. Fifty thousand delegates and 

120 world leaders were able to attend the conference.81 

As a result of COP26, the Glasgow Climate Pact was signed by each participant. 

The purpose of the Glasgow Climate Pact is to accelerate the efforts to mitigate 

climate change. The Pact keeps the hope alive on limiting global warming to 1,5 

degrees, but still recognizes that this will only be achieved if each participant sticks 

to their pledges and takes concrete steps to implement them. The themes for 

COP26 were mitigation, adaptation, finance, and collaboration. The Paris Rule-

book was also finalized.82 
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The COP accomplished something monumental, 153 countries pledged to net zero 

targets, covering 90 per cent of the world’s GDP and 90 per cent of global emis-

sions. The Nationally Determined Contributions, NDCs, were renewed by 153 

countries. Many cities, regions, and states also committed to net zero targets.83 

The Paris Rulebook holds the rules for implementing the Paris Agreement. The 

Rulebook was completed and now includes unified practices in emission reporting, 

new standards for global carbon markets, and universal timelines for NDCs to be 

implemented and met.84 

The Breakthrough Agenda was pledged by 40 countries. The Breakthrough Agenda 

has a goal of making sustainable and clean alternatives the cheapest, most attrac-

tive, and most accessible options across emission-intensive sectors. The sectors 

included in the agenda are energy, transport, steel production, and hydrogen. The 

‘hydrogen breakthrough’ goal states that inexpensive low carbon and renewable 

hydrogen needs to be made globally available. Clean sources of electricity have 

already become the cheapest in most countries, especially wind and solar. New 

gas and coal power plants are more expensive than solar and wind installations in 

over two thirds of the world.85 

 

 

83 COP26, 2021 
84 COP26, 2021 
85 COP26, 2021 



38 

 

Figure 10. Glasgow Pledges & Net Zero 86 

Figure 10 illustrates the global warming levels if certain pledges were commis-

sioned in practice and in a timely manner. The INDCs committed to in Paris did not 

reach the 1,5-degree warming limit. In fact, the INDCs would result in a warming 

of 3 degrees by 2100. To reach the 1,5-degree warming target, emissions must be 

cut in half in the next ten years, and net zero emissions reached by 2050.87 
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If all pledges made in COP26 are implemented, the global warming could be lim-

ited to 1,8 degrees, achieving the 2-degree warming limit. Future pledges and pol-

icies have the potential to nudge the number below the 1,5-degree limit. In other 

words, new policies and pledges still must be made and implemented to reach the 

optimistic 1,5-degree warming limit.88 

Despite being the main cause of climate change, oil, gas, and coal subsidies were 

explicitly brought into discussions for the first time in the COP history in Glasgow. 

Intentions of ending direct public financial support for international unabated fos-

sil fuel energy projects were announced by 34 countries and 5 public financial in-

stitutions. The 34 countries include numerous developing countries, Export Fi-

nance for Future coalition’s member countries, and all G7 countries, except Ja-

pan.89,90 

Coal is the largest individual contributor to climate change. Unabated coal is the 

most emission intensive fossil fuel. Phasing out coal has been pledged by 65 coun-

tries. Twenty of the countries are new, making the commitment during the COP26. 

The list of countries includes all major coal financer countries who have pledged 

to stop international financial support for coal projects. The pledge has already 

been implemented in these countries. However, the original plan to ‘phase out’ 

coal was changed in the last minute to ‘phasing down’ coal by the request of India. 

India argued that phasing out coal is unjust for developing countries and can hin-

der their development. The request from India came as no surprise since it has 

had plans of increasing its’ coal capacity in power generation. Most of the parties 

were displeased with the changes made, saying that the ambition level is lacking 

in reaching the goal of the Paris Agreement. However, any agreement was deemed 
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better than no agreement at all.91 Thus, in addition to 65 countries ‘phasing out’ 

coal, 190 countries signed the agreement to ‘phase down’ coal. The 190 countries 

amount to almost all of the world’s countries. As a result, coal power is expected 

to reduce by 76 per cent. An additional commitment was made to help developing 

countries transition from coal to clean energy with 20 billion worth of financing.92 

Transport by road accounted for 10 per cent of global GHG emissions. Half of oil 

consumption is facilitated by road transport. The issue was discussed in COP26, 

and action was taken by initiating the mass market for zero emission vehicles. 

Thirty countries, 6 manufacturers, 28 fleet owners, 43 cities and regions, and 15 

finance investors and institutions pledged that new polluting vehicles are not sold 

after 2040. Some countries, including the EU will enforce the policy even earlier, 

in 2035.93 

Methane emissions were brought into discussions as well. Global Methane Pledge 

was signed by 103 countries. The aim of the pledge is to reduce methane emissions 

by a third by 2030 compared to 2020 levels. Methane has caused about 30 per 

cent of current global warming. Pledgers cover 70 per cent of the world’s GDP. 

Methane emission reduction policymaking will target oil and gas, agriculture, and 

waste sectors.94 

Multilateral Development Banks (MDBs) are now almost all agreeing to align their 

operations with the Paris Agreement. The planned schedule for enforcement is 

2025. Some MDBs have already aligned their activities with the agreement. All 
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eight major MDBs have jointly committed to increase climate finance. The 26 ma-

jor bilateral development finance institutions, IDFC, committed to mobilize 1,3 tril-

lion in climate finance and end the financial support of unabated coal.95 

An emphasized talking point of the COP was the importance of finance in combat-

ing climate change. Developed countries try to mobilize 100 billion of climate fi-

nance for the benefit of developing countries annually. Targets for increasing ad-

aptation finance were made for the first time in the COP history. Net zero by 2050 

target requires mobilizing trillions of private finance. It is emphasized that climate 

must be reflected in each financial decision in private investment, governmental 

actions, and the actions of international financial institutions. Public finance is es-

sential for climate change mitigation because transitioning the energy sector is 

going to require major investments in new infrastructure. Private finance is 

needed for innovation and technological advancement.96 

1.4.4 United Nations 2030 Agenda for Sustainable Development 

The 2030 Agenda for Sustainable Development was launched by a UN Summit in 

New York, September 2015. The purpose of the agenda is to eradicate poverty in 

all of its’ forms. The UN 2030 Agenda envisages a world of universal respect for 

human rights and human dignity, the rule of law, justice, equality, and non-dis-

crimination. It was enforced in 2016.97 

The United Nations 2030 Agenda for Sustainable Development consists of seven-

teen Sustainable Development Goals (SDGs), which were implemented in 2015 

among all member countries of the United Nations. 
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Figure 11. Sustainable Development Goals98 

For the sake of this thesis, the focus will be on Sustainable Development Goal 7, 

which covers affordable and green energy. However, it is worthwhile to 

acknowledge that the GHG emission increase impairs the achievement of many 

Sustainable Development Goals.99 SDG7 consists of the following targets: univer-

sal access to sustainable, reliable, affordable, and modern energy services, in-

creased share of renewables in the energy mix, increased energy efficiency, in-

creased infrastructure investments, and accelerated research and development of 

clean technologies through international collaboration. Lastly, all above men-

tioned targets need to be achieved in developing countries as well.100 

IEA, IRENA, UNSD, World Bank, and WHO prepared a progress report in 2021 to 

analyze if progress has been made towards the goals set in SDG7. The conclusion 

is that the goal is not on track, especially in the most vulnerable countries. It is 

estimated that 30 million people might have lost their access to electricity during 
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COVID-19. Electricity would have to be provided to 760 million people to reach the 

2030 goal of access for all. Clean cooking access would need to be provided to 2,6 

billion people by 2030. The findings of the progress report can be found in an Ap-

pendix at the end of the document.101 
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2 FUEL RELATED GREENHOUSE GAS EMISSIONS 

2.1 Combustion Emissions 

2.1.1 Downstream Emissions 

Downstream emissions in the energy sector are largely attributed to fossil fuel 

combustion. This chapter discusses fossil fuel combustion specific GHG emissions. 

Fossil fuels are hydrocarbons, meaning that they mainly consist of hydrogen and 

carbon, with some additional impurities. Directly emitted carbon dioxide emis-

sions from combustion can be equated to the carbon content of the fuel and its 

consumption. Efficient fuel combustion ensures oxidation of the maximum 

amount of carbon present in the fuel. When the carbon content of the fuel is fully 

oxidized, a standard amount of CO2 emissions is emitted from the combustion. 

Otherwise the fraction oxidized is needed to determine carbon dioxide emissions. 

Gaseous and liquid fuels show low variability in oxidation. Fraction oxidized varies 

more for coal and other solid fuels. As a reference, less than 1 per cent of carbon 

is not oxidized in natural gas combustion. Because the effect of combustion con-

ditions on carbon dioxide emissions is negligible, the carbon dioxide is directly re-

lated to the carbon content and consumption of the fuel. Natural gas has the high-

est hydrogen to carbon ratio out of the fossil fuels, meaning that its combustion 

emits the least amount of carbon dioxide compared to other fossil fuels. Coal has 

the lowest hydrogen to carbon ratio, emitting the most carbon dioxide during its 

combustion compared to other fossil fuels.102103 
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Direct measuring of carbon dioxide emissions can be expensive, so often the pre-

ferred method of determining CO2 emissions is to calculate based on fuel con-

sumption and using emission factors.104 

Table 2 shows some default emission factors for stationary combustion in energy 

industries, provided by IPCC. The carbon content varies within the listed fuels, but 

the defaults give an estimation. Natural gas compositions can vary. The gas is 

mainly composed of methane, but can include small quantities of ethane, pro-

pane, butane, and heavier hydrocarbons.105 

Table 2. Default CO2 Emission Factors for Stationary Combustion in the Energy 
Industries (kg of carbon dioxide per TJ on a Net Calorific Basis)106 

Fuel Default emission factor of CO2 (kg 

CO2/TJ) 

Natural gas liquids 64 200 

Gas/Diesel Oil 74 100 

Natural Gas 56 100 

Biodiesels 70 800 

Other Liquid Biofuels 79 600 

Other Biogas 54 600 
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Direct carbon dioxide emissions from stationary combustion are straightforward 

to calculate. The same does not apply to methane and nitrous oxide since these 

emissions are more variable, and are affected by many factors, such as fuel type, 

composition, age of equipment, load, combustion technology, oxidation factor, 

combustion conditions, and emission control technology.107 

Direct nitrous oxide emissions are heavily dependent on the air-fuel mix, combus-

tion temperature, and residence time.108 The combustion of natural gas and bio-

gas emit only trace values of nitrous oxide in steady state operating conditions. 

The peak of nitrous oxide emissions is emitted during lean blow-out, ignition, and 

unstable blowoff. One study done on boiler combustion shows that once steady 

state operation is achieved after ignition, nitrous oxide is no longer emitted, while 

NO2 and NO become the dominating species. Nitrous oxide and NO did not coin-

cide during any of these events. It was evident that at steady state, nitrous oxide 

was a very reactive intermediate that was quickly destroyed before being emitted 

from a flame. Nitrous oxide emissions were stimulated when hydrogen was 

blended with natural gas.109 

Methane emissions are mostly affected by combustion efficiency, prime mover 

type, and the methane content of the fuel. Methane slip from reciprocating lean 

burn gas engine operation is further discussed in the following chapter.  
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Direct measurements are often preferred for methane and nitrous oxide emis-

sions due to their variable nature. Continuous monitoring, however, is expensive. 

Periodical measurements are usually preferred.110 

2.1.2 Methane Slip 

Methane slip occurs when methane evades combustion in an engine. The un-

burned methane escapes with flue gases, and partially through the crankcase ven-

tilation. In addition to being emitted to the atmosphere as a greenhouse gas and 

a precursor for ozone, methane slip is also wasted fuel. Lean burn gas engine types 

cause higher methane slip emissions than high pressure gas engine types. Spark-

ignition (SI) and dual-fuel (DF) engines are lean burn gas engine types, and the 

compression-ignition (CI) engine is a high-pressure gas engine type. Methane slip 

from lean burn gas engine types is mainly caused by crevices, also called dead vol-

umes, cylinder scavenging, and cold walls of the combustion chamber.111,112,113 

The complete combustion of methane requires high temperatures and a suffi-

ciently long residence time. Methane can evade combustion by getting trapped 

into crevices. Minimizing crevices in the combustion chamber decreases the me-

thane slip. An example of crevice volume is the area between the top piston ring 

and the upper edge of piston crown. By bringing the top piston ring up, the crevice 

volume is decreased.114,115,116 

Inlet and exhaust valves are sometimes open simultaneously during combustion. 

This event is called scavenging, during which unburned methane escapes through 
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the exhaust valve. Combustion and control system optimization have the potential 

of reducing the time the valves are simultaneously open, and thus also reducing 

the methane slip. The hydrocarbon emissions of lean burn gas engines have de-

creased substantially since the 90’s due to reductions in cylinder scavenging and 

crevice volumes of the cylinder, as well as improvements in combustion control 

systems, such as ignition stability. 117,118,119 

Methane slip can be reduced by optimizing the combustion process, or by exhaust 

gas aftertreatment. Optimizing the combustion process is the primary measure, 

and exhaust gas aftertreatment the secondary measure of reducing methane slip. 

Further optimization of the combustion process is the present medium of reducing 

methane slip because the secondary measures are not currently available for lean 

burn gas engines. Methane slip cannot be completely mitigated by primary 

measures because perfect combustion is never fully achieved, and crevices cannot 

be completely removed. However, a more efficient combustion could be achieved 

with, for example, hydrogen-methane fuel blends.120,121,122  

Most secondary exhaust gas aftertreatment options are not feasible for methane 

slip abatement yet. Many technical challenges are still to be overcome before the 

measures can be applied effectively.123 
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Oxidation catalysts are not suitable for lean burn gas engines today. Catalyst re-

generation and high operating temperatures oppose challenges for lean burn gas 

engine applications.124 

Afterburner is not a viable option for exhaust gas aftertreatment, either. While 

methane is destructed in over 800 Celsius degrees, the amount of additional fuel 

needed to heat up the flue gas will cause more GHG emissions than what can be 

abated via the afterburner.125 

Recuperative thermal oxidizers are only suitable for constant operation applica-

tions. They have a high hydrocarbon abatement potential, but they are very big, 

heavy, expensive, and the oxidizers need an external heat source.126 

2.2 Liquid Biofuels 

Biofuels can be harnessed to decarbonize various sectors, such as transport, en-

ergy, and chemical industry. Liquid biofuels include FAME, HVO, crude bio-oils, bi-

oethanol, and bio-methanol, among other bio-based fuels. The advantage of bio-

fuels is that they contain renewable carbon. The need for carbon cannot be fully 

eliminated in all sectors, and in these instances bio-based components offer a 

great sustainable pathway. Long-distance shipping, for example, is a hard-to-abate 

sector that could be decarbonized with liquid biofuels. Bio-based alternatives of 

diesel are compatible with existing shipping fleet, as well as land-based engine 

plants.127 

The carbon content of biofuel is obtained from the air through photosynthesis. 

During the photosynthesis of plants and trees, carbon dioxide is absorbed from 
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the atmosphere for plant growth. The carbon dioxide that is released from burning 

biofuels essentially puts the same carbon dioxide back into the atmosphere that 

was taken out during photosynthesis, and thus the carbon dioxide release is not 

accounted towards climate change.128,129 In short, biofuels contain carbon, so their 

combustion releases carbon dioxide, like all carbon containing fuels. The source of 

carbon determines whether the carbon dioxide emitted puts additional GHG emis-

sions into the atmosphere or not. Biofuel combustion results in negative emissions 

if it is coupled with carbon capture and storage, where the sequestrated carbon 

dioxide is stored instead of released back into the atmosphere during biofuel com-

bustion.130 

 

Figure 12. An overview of feedstocks and production processes for different bio-
fuels131 

Biofuels’ life cycle GHG emissions originate from cultivation, transport, processing, 

distribution, and final use. As discussed previously, the carbon dioxide emissions 
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from combustion are considered zero. Cultivation and related emissions cover ac-

tions of collection, storage, drying, as well as fertilizers and other products applied 

to the cultivation process.132 The biggest sources of emissions are land-use, ferti-

lizers, as well as fossil fuel powered transport and processing. Land-use change, 

and fertilizer needs can be altered by feedstock selection. GHG emissions could be 

further decreased by using renewable energy in processing.133 

2.2.1 Feedstocks 

Conventional biofuels, also referred to as first-generation biofuels, use food and 

animal feed crops as feedstock.134 Advanced biofuels, also referred to as second-, 

and third-generation biofuels, utilize non-food feedstocks. First-generation biofu-

els emit more GHG emissions than second-generation biofuels because food crop 

feedstocks lead to higher fertilizer and land-use emissions compared to other 

feedstocks of biofuel, like waste and residues.135 

First-generation biofuels cause land-use changes because deforestation can be in-

itiated by the increased demand for biofuels. Forests act as a sink of carbon diox-

ide. In addition to lost carbon sinks, a large quantity of carbon dioxide is released 

to the atmosphere from soil and plant biomass during deforestation. Because first-

generation biofuels use food feedstocks, biofuel and food are in competition of 

cultivation land. This not only leads to land-use change, but increased food prices 

as well.136,137 
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Additional cultivation GHG emissions stem from nitrous oxide emissions caused by 

fertilizer usage. Fertilizer needs are high for first-generation biofuels as an una-

voidable source of nutrients for plant growth. Energy crops, which are second-

generation biofuel feedstocks, commonly use fertilizers only for the initial planting 

of crops, minimizing the fertilizer usage for the duration of cultivation.138 

Advanced biofuels, also referred to as second-, and third-generation biofuels, uti-

lize non-food feedstocks. Second-generation feedstocks include energy crops, ag-

ricultural and forest residues, and waste, such as used cooking oil and municipal 

solid waste.139 Advanced biofuels do not cause as much land use change related 

GHG emissions as conventional biofuels, because they can often be cultivated in 

land that has no agricultural or industrial value. Switchgrass, willow, and miscan-

thus, for example, can be cultivated in lands that are unsuited for food cultivation. 

Using waste and residues have even greater potential of reducing GHG emissions 

in terms of fertilizer and land-use when they do not have other potential end-

uses.140141  One of the largest producers of renewable diesel, Neste uses almost 

exclusively waste and residues as their feedstock. Neste has told that their biofuel 

typically reduces GHG emissions by 90 per cent compared to fossil fuel.142,143 

Third-generation biofuel uses algae as feedstock. The third-generation biofuel pro-

duction is energy-intensive at the moment, and thus, emission-intensive as well if 

non-renewable energy sources are used for their production. The production 

yields low amounts of algae, and the energy demand for their cultivation, harvest-

ing and drying is high, resulting in higher emissions compared to fossil fuels. The 
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production pathway of third-generation biofuels needs to be improved before 

commercial utilization.144 

2.2.2 Biodiesel 

Diesel can be alternatively produced from fats, oils, and alcohols. These alternative 

diesels are referred to as bio- or renewable diesel. The difference between the 

two, is that renewable diesel production does not involve esters. Both bio- and 

renewable diesel can be produced from the same feedstocks. While biodiesel is 

commonly produced via transesterification, renewable diesel can be produced by 

hydrotreatment, or other alternative pathways. Renewable diesel is more stable 

than biodiesel. This chapter discusses biodiesel and related emissions.145 

Biodiesel is also referred to as fatty acid methyl esters, FAME. Biodiesel is made 

from vegetable oils but can be obtained using other feedstocks as well. Transester-

ification is the most common pathway of producing biofuel. The feedstock of 

choice reacts with alcohol, typically methanol, in the presence of a catalyst, to 

produce biodiesel and glycerine via transesterification. 

Methanol used in the production of biodiesel is obtained from natural gas via SMR. 

The SMR process is explained in an upcoming chapter in conjunction with hydro-

gen. Other pathways of obtaining methanol are being explored, but for the time 

being the methanol used in the production is of fossil origin. The use of methanol 

increases the GHG emissions of biodiesel production. 

FAME has a lower heating value than conventional diesel. Thus, the fuel consump-

tion increases when using FAME. Conventional diesel has a higher combustion ef-

ficiency than biodiesel. Thus, conventional diesel results in lower carbon dioxide 
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emissions compared to FAME, especially under low load conditions. Biodiesel con-

tains oxygen, so with high loads and rich air-fuel mixtures carbon dioxide for-

mation is reduced due to enhanced combustion efficiency. In short, biodiesel re-

leases more carbon dioxide under low loads compared to conventional diesel but 

operating on high loads shows that biodiesel creates less carbon dioxide than con-

ventional diesel.146 

Biodiesel produced from sunflower oil is estimated to grant a 52 per cent reduc-

tion (typical value) in life cycle GHG emissions compared to fossil fuel. The estima-

tion excludes land-use change emissions, assuming them to be zero. The corre-

sponding reductions for different feedstocks are 50% for soybean, 84% for waste 

cooking oil, and 78% for animal fats. In EU the emission reduction from biofuel and 

bioliquid life cycle GHG emissions compared to fossil fuels needs to exceed 65 per 

cent for new production facilities in accordance with RED in order to contribute to 

Union targets of renewable energy shares. Based on these estimations, none of 

the first-generation oil crop feedstocks meet the limit. Animal fats and waste cook-

ing oil would be the only viable feedstocks for biodiesel production in the EU for 

new production facilities.147 

2.2.3 Hydrotreated Vegetable Oil 

HVO is a form of renewable diesel. HVO means hydrotreated vegetable oil, but 

unlike the name suggests, HVO can utilize feedstocks beyond vegetable oil. Alter-

native feedstocks of HVO include waste and residue fats and oils. Unlike biodiesel, 

HVO does not contain oxygen. Oxygen is removed from vegetable oil or animal 

fats using hydrogen. The term ‘hydrotreatment’ comes from the process of remov-

ing oxygen with hydrogen. Hydrotreatment essentially alludes to the fact that the 
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feedstock reacts with hydrogen to produce fuel. The processing results in hydro-

carbons which resemble the components of conventional diesel.148 

Hydrogen is produced from natural gas via SMR. Greener production pathways of 

hydrogen are not available on an industrial scale yet. The hydrogen utilized in the 

production of HVO increases its’ life cycle GHG emissions. As discussed before, the 

production of biofuel requires methanol, which is also obtained from natural gas. 

The amount of natural gas required to produce FAME and HVO is almost the same 

for the two if they are produced from the same feedstock. Suggested GHG emis-

sions of HVO produced from rapeseed oil is 44 gCO2eq/MJ. The GHG emissions for 

FAME using the same feedstock of rapeseed oil would equate 53 gCO2eq/MJ.149 

HVO can be blended with conventional diesel in any desired ratio. HVO is compli-

ant with diesel fuel specifications even in its’ pure form in the EU. FAME, on the 

other hand, has different properties than hydrocarbons, and can’t be blended in 

the same manner.150 

HVO production from rapeseed oil is estimated to result in 47 per cent reduction 

(typical value) in life cycle GHG emissions compared to fossil fuel. The estimation 

does not take land-use change into account. The corresponding percentages for 

sunflower feedstock is 54%, soybean 51%, animal fats 77%, and waste cooking oil 

83%. In EU the emission reduction from biofuel and bioliquid life cycle GHG emis-

sions compared to fossil fuels needs to exceed 65 per cent for new production 

facilities to be in accordance with RED and contribute to Union targets of renewa-

ble energy shares. Based on these estimations, none of the first-generation oil 

crop feedstocks meet the set limit. Animal fats and waste cooking oil would be the 
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only viable feedstocks for HVO production in the EU for new production facili-

ties.151 

2.2.4 Bioethanol 

In addition to bio-based substitutes for diesel, there are bio-based alternatives for 

other hydrocarbons as well. Bioethanol, for example, is an already commercially 

used substitute for gasoline. 

Bioethanol is typically produced from food feedstocks. As discussed previously, 

this leads to emissions from land-use change and fertilizer usage. Second-genera-

tion feedstocks are being explored in the field of bioethanol production, which 

would decrease the emissions associated with first-generation feedstocks. Sugar-

cane is a favourable feedstock for first-generation bioethanol, because it has lower 

requirements for fertilizer and pesticides, high yield of crops, and electricity is of-

ten co-produced in bioethanol refineries.152 

Bioethanol is produced via enzyme and bacteria breakdown of fermentable sugars 

in a biochemical process. The processing of bioethanol is done in steps of pretreat-

ment, hydrolysis, fermentation, and ethanol recovery.153 Bioethanol production 

has increased in energy efficiency over the years due to improved farming tech-

niques, fertilizer and pesticide use, and processing.154 

Ethanol produced from sugar beet with natural gas used as a process fuel in a con-

ventional boiler is estimated to result in a 59-73 per cent reduction (typical value) 

in life cycle GHG emissions compared to fossil fuel. The corresponding percentage 

for sugar cane ethanol is 70. The estimations do not account for land-use change. 
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In EU the emission reduction from biofuel and bioliquid life cycle GHG emissions 

compared to fossil fuels needs to exceed 65 per cent for new production facilities 

in accordance with RED and to contribute to Union targets of renewable energy 

shares. Sugar beet and sugarcane feedstocks would be within the RED limits, if the 

cultivation does not lead to land-use changes. Wheat straw, which is a non-food 

feedstock of biofuel, would grant an 85 per cent GHG emission reduction com-

pared to fossil fuel. Wheat straw is not a widely used feedstock for ethanol pro-

duction yet. 155,156 

2.3 Biogas 

Biogas is mainly produced in a process called anaerobic digestion. Anaerobic di-

gestion uses feedstocks of organic matter, for example sewage wastewater 

sludge, manure, biodegradable waste, and energy crops.157 

Landfill waste can also be used for obtaining biogas. This gas is called landfill gas. 

Landfill gas has a significant GHG emission reduction potential, because if the 

waste in landfills is left to decompose without utilizing it for gas production, the 

methane and carbon dioxide emissions occurring during waste decomposition are 

emitted straight to the atmosphere. The same can be said for manure. When ma-

nure is left to decompose without applying proper manure management practices, 

the resulting emissions are emitted to the atmosphere.158 
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Biomethane, also referred to as renewable natural gas, is an almost pure methane 

gas that can be produced in the gasification process of solid biomass, or by refining 

biogas. The most common way of producing biomethane is by refining biogas.159 

Gasification pathway to biomethane is utilized less often than biogas refining, and 

at smaller scales. Potential reasons for the small-scale production today include 

issues in achieving stable operation, costs, and by-product treatment.160 

Biogas is refined to biomethane by removing carbon dioxide, other impurities, and 

moisture from biogas. Raw biogas typically contains 50-70 per cent methane, with 

most of the rest being carbon dioxide. This means that the production of bio-

methane comes with a by-product of carbon dioxide. The by-product can be used 

in agriculture and industry, but it could also be reacted with hydrogen to produce 

more methane and other synthetic fuels. Biomethane production could be made 

carbon dioxide negative if carbon capture and storage was utilized, but storage 

safety, leakage, and injection are still under research and development. For this 

reason, utilization of the co-produced carbon dioxide is preferred over stor-

age.161,162 

Biomethane has the same heating value as natural gas, and it is often refined to 

exceed the purity and quality of natural gas. Biomethane can be used in the exist-

ing natural gas pipelines without modifications and can reach all the same end 

users: buildings, industrial facilities, power plants.163 

Natural gas results in higher GHG emissions than biomethane. Even though the 

combustion of biomethane results in same carbon dioxide emissions as natural 
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gas, the release does not add to climate change, because the carbon contained in 

biomethane is essentially put back into the atmosphere during combustion, where 

it originally came from during photosynthesis. However, methane emissions from 

the combustion are added to the total GHG emissions of the fuel.164 

 

Figure 13.Greenhouse gas emissions over the entire life cycle of biogas (well to 
wheel, WTW) at the various stages of production165 

The Figure 13 above illustrates an example of the biogas’ life cycle emissions. The 

emissions stem from transportation, production, upgrading, distribution, and end 

use. As established before, the end use carbon dioxide emissions are equal to zero. 

The transport and collection of biomass feedstock emissions essentially cover the 

fossil fuel used for transport, and methane leakage.166 

Methane leakage occurs during anaerobic digestion and biogas refining for all bi-

ogas feedstocks, for example wastewater sludge, landfill gas, and manure. In ad-

dition to methane leakage from anaerobic digestion and biogas refining, methane 
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leakage occurs in waste feedstock transport and storage.167 However, the most 

substantial methane leakages occur during the production and refining stages. The 

energy required for production and refining add onto the emissions from these 

activities, making production and refining the most GHG emission intensive pro-

cesses in the whole life cycle.168 

Methane leakage emissions from biomethane production are highly variable and 

hard to quantify. Depending on the degree of methane leakage, the achieved GHG 

reductions can be significant, or the GHGs might surpass the emission intensity of 

natural gas.169 

Biomethane transmission via pipeline and injection to the gas grid cause emissions 

similar to natural gas. The fugitive methane emissions from gas grid are emitted 

to the atmosphere in the same manner as natural gas’ fugitive emissions.170 

2.4 Hydrogen 

Hydrogen can be produced from a wide variety of energy sources. Nowadays the 

most common energy source of hydrogen production is fossil fuels. Six per cent of 

natural gas and two per cent of coal are used to produce hydrogen globally. The 

hydrogen production emits 830 mega tonnes of carbon dioxide emissions annu-

ally.171 

Hydrogen is mainly used in the chemical and refining industry. The annual demand 

for hydrogen reached 90 mega tonnes in 2020. Oil refining sector used 40 mega 

tonnes of the produced hydrogen, and most of the rest was used in the chemical 
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industry. Almost 75 per cent of chemical industry hydrogen was used to produce 

ammonia, with the rest being used to produce methanol. Industry sector’s iron 

and steel production had a five mega tonne demand for hydrogen. The utilization 

of hydrogen as a transport fuel is very low at the moment. The demand for hydro-

gen is estimated to grow by over two-fold in a decade. While industry is going to 

use more hydrogen, new purposes of hydrogen will emerge. These include grid 

injection, power, transport, buildings, synthetic fuels, and ammonia production 

for fuel. Hydrogen can be harnessed to decarbonize hard-to-abate sectors.172 

 Low-carbon hydrogen can be produced via electrolysis when the process is pow-

ered by nuclear or renewable energy. Hydrogen produced using nuclear is called 

pink hydrogen, and hydrogen produced from renewable energy is called green hy-

drogen.173,174 

Wind and solar electricity are non-dispatchable renewable energy sources. The 

electric grid must be always balanced. In other words, the demand and supply 

must be equal at all times. If there is not enough electricity demand, and the sur-

plus electricity cannot be stored, a curtailment of the renewable electricity pro-

duction must be carried out. Producing hydrogen from this surplus renewable en-

ergy could present an excellent storage alternative. This way the renewable en-

ergy can be stored in the produced hydrogen, and can then be used to stabilize 

the grid when intermittent renewable energy is not available, and additional bal-

ancing thermal power production is needed to meet the energy demand.175,176 
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Thus, hydrogen can enable the mass deployment of renewables. The production 

of green hydrogen through electrolysis requires large production capacities of re-

newable energy. Ramping up both hydrogen and renewable power production is 

important for reaching net zero GHG emission targets. The deployment of low-

carbon hydrogen in the large scale requires further technological advancements 

of fuel cells, electrolysers, and CCS.177 

Hydrogen combustion does not lead to direct carbon dioxide emissions since hy-

drogen does not contain any carbon. The complete combustion of hydrogen cre-

ates water vapor as its’ only by-product. 

 

Figure 14. Various Hydrogen Production Methods178 

There are multiple pathways of producing hydrogen. The emissions from the most 

relevant production pathways and feedstocks are discussed in detail in the follow-

ing sections. The focus is on natural gas, biomethane, and renewable energy path-

ways. 

 

 

177 International Energy Agency, 2022 
178 Kumar, and Himabindu, 2019 



63 

2.4.1 Hydrogen Production from Methane 

Steam methane reforming (SMR) is the cheapest and most common technology of 

producing hydrogen. The SMR process can use natural gas and biomethane as 

feedstocks due to their identical properties. 

Hydrogen production via SMR starts with a methane and steam reaction in a re-

former. The reaction creates carbon monoxide and hydrogen. The created carbon 

monoxide goes through a water-gas shift to produce carbon dioxide and more hy-

drogen. The product of hydrogen and carbon dioxide is called syngas. After this, 

the pressure-swing adsorption process is applied to the syngas to separate the 

hydrogen from the syngas. The remaining gas after hydrogen has been removed 

from the syngas is called tail gas. The tail gas is reused in the process by feeding it 

back into the reformer.179 

The total methane consumption of SMR constitutes of methane used as feedstock 

and process fuel. Methane feedstock generally covers 60 per cent of the total fuel 

consumption. The remaining 40 per cent is used as process fuel. 180 
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Figure 15. Simplified scheme of hydrogen production181 

One kilogram of hydrogen produced via SMR co-produces about 8 kilograms of 

carbon dioxide. The carbon dioxide emissions produced during SMR are contained 

in flue gases, which are typically released to the atmosphere. However, the carbon 

dioxide content of the flue gases can be sequestrated to, for example, depleted 

natural gas reservoirs utilizing carbon capture and storage, CCS.182 

The current use of CCS captures only half of the total carbon dioxide emissions 

generated. The current capture rate does not result in the required GHG reduc-

tions to deem hydrogen production low-carbon. The carbon capture rate needs to 

be improved to achieve satisfactory reductions. Economical constraints prohibit 

the full capture of generated carbon dioxide. CCS is very expensive for the time 

being, and it represents a large portion of the cost of hydrogen production when 

it is adopted. A carbon capture rate of 50 per cent does not equate 50 per cent of 

total GHG emissions reduced.  The CCS process requires energy, which results in 

additional GHG emissions.183,184 
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Deploying CCS decreases the energy efficiency of an SMR plant by about 14 per 

cent due to energy requirements of activities such as increasing the heat in the 

reformer, operating the carbon capture unit, and compressing the captured car-

bon dioxide.185 The energy requirements of CCS increase the natural gas consump-

tion of the plant. Accommodating some of the energy needs with renewable en-

ergy could further reduce emissions.186 

As discussed in a previous chapter, fugitive emissions of methane are present in 

up-, and midstream activities of the natural gas supply chain. Addressing these 

emissions has a great abatement potential. 

Another way of producing hydrogen from methane is autothermal reforming 

(ATR). Life cycle emissions of ATR are not fully researched yet, but ATR could 

achieve higher carbon capture rates than SMR. Steam methane reforming has 

three carbon dioxide streams: the flue gas outlet, syngas outlet, and the tail gas 

outlet. ATR has only one concentrated stream of carbon dioxide. In the case of 

ATR, more carbon dioxide could be captured with relative ease compared to SMR. 

However, combining CCS with ATR requires more electricity, especially when ob-

taining high capture rates. The high electricity consumption reduces the climate 

benefits when the electricity used for CCS is non-renewable. ATR is not expected 

to be largely deployed for hydrogen production.187 

Hydrogen can be produced from methane via methane pyrolysis as well. Methane 

pyrolysis would result in solid carbon as its’ only by-product, eliminating the need 

for CCS. Solid carbon is easier to dispose of compared to gaseous or liquid carbon 

dioxide. The technology is still under development, and it is mostly utilized at small 
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scales today, but the pathway is an attractive alternative for obtaining blue hydro-

gen.188 

 

Figure 16. Pyrolysis and steam methane reforming, TRL = Technology Readiness 
Level189 

Combining CCS with SMR might be the transition phase production method of hy-

drogen in the absence of required electrolysis facilities and renewable energy. The 

efficiency of SMR coupled with CCS is estimated to be 56 to 65 per cent today (see 

Figure 16). The use of CCS decreases the efficiency of the SMR plant by about 14 

per cent.190,191,192 

2.4.2 Hydrogen Production from Renewable Energy 

Green hydrogen is produced by splitting water into hydrogen and oxygen using 

preferably renewable electricity in a process called water electrolysis. Grid elec-

tricity is not recommended for hydrogen production due to its’ GHG emission in-

tensity. Hydrogen Council states that hydrogen produced through electrolysis 

powered by EU’s 2030 grid electricity would result in more emissions compared to 

hydrogen production through SMR. If the electricity used to produce hydrogen via 

electrolysis had the global average carbon intensity of today’s grid electricity of 

475 gCO2/kWh, the hydrogen produced would exceed the emissions of unabated 
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natural gas SMR produced hydrogen by threefold.  The main driver of grid electric-

ity’s emission intensiveness is the share of coal in electricity production. Grid elec-

tricity of 2030 is not recommended to be used for hydrogen production in REDII. 

Grid electricity would be suitable for hydrogen production in 2050, if the electricity 

supply is decarbonized by that time.193.194 

Water electrolysis powered by nuclear and renewable energy have the potential 

of producing hydrogen with very low carbon emissions. Solar would result in 

slightly higher emissions compared to other renewables and nuclear, due to grid 

electricity powered manufacturing of solar panels, which increases their life cycle 

GHG emissions. Electrolysis powered by nuclear can obtain very low GHG emis-

sions. However, the production also creates 0,115g of radioactive waste per kilo-

gram of hydrogen. By 2030 the usage of grid electricity for electrolysis is going to 

result in most emissions out of all the hydrogen production pathways (see Figure 

17).195 
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Figure 17. Carbon-equivalent emissions by hydrogen production pathways, 2030 
and 2050196 

Nine kilograms of water is needed to produce one kilogram of hydrogen via elec-

trolysis, except for nuclear power. Electrolysis powered by nuclear demands 270 

kilograms of water per one kilogram of hydrogen. Large-scale hydrogen produc-

tion facilities consume a lot of water. Regions that have a limited amount of water 

to spare, would preferably use sea water. In this case desalination facilities are 

needed. The electricity requirement of desalination is negligible compared to the 

electrolysis process itself. Hydrogen production from biogas (made from energy 

crops, for example) can be up to a thousand times more water intensive compared 

to other pathways.197  
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Figure 18. Simplified scheme of hydrogen production198 

An electrolyzer is a device that splits water into hydrogen and oxygen with elec-

tricity. The three main electrolyzer types include alkaline, Polymer electrolyte 

membrane (PEM), and solid oxide electrolyzer cells (SOEC). 

Alkaline is the most common electrolyzer type used in hydrogen production via 

electrolysis today. Alkaline electrolyzers are the most inexpensive and most ad-

vanced of the technologies, but they might fall short on efficiency compared to 

the other two. Alkaline electrolyzers perform well in continuous operation.199,200 

Polymer electrolyte membrane, or also called proton exchange membrane (PEM) 

electrolyzers have the potential of exceeding alkaline electrolyzers in efficiency 

(see Figure 19). The low temperature electrolyzers, alkaline and PEM, have an av-

erage efficiency of 65 per cent today. PEMs could offer a better operation of elec-

trolysis with renewable energy due to their flexibility and responsiveness com-

pared to alkaline electrolyzers.201,202 
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 Solid oxide electrolyzer cells, SOECs, have a potential of exceeding PEMs in effi-

ciency. The technology is still under development, but they could technically pro-

vide an efficiency of 80 to 90 per cent. While PEMs require platinum catalysts, 

SOECs do not require any rare raw materials to operate.203,204,205 

 

Figure 19. Hydrogen production, process/pathway efficiencies206 
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In order to transport hydrogen, it needs to be liquefied, pressurized, or trans-

ported as liquid organic hydrogen carrier, LOHC. Liquefied hydrogen requires more 

electricity than compressed gaseous hydrogen. This is caused by the lower effi-

ciency of the liquefication process compared to compression. 207,208 

Hydrogen sourced from renewables is also the backbone of zero carbon, net zero 

carbon, and low carbon fuels. The fuels include ammonia and other synthetic 

fuels. Synthetic fuels are produced from hydrogen with additional processing and 

adding carbon or nitrogen. The most significant factor of life cycle GHG emissions 

of the synthetic fuels is the origin of energy utilized in the production of these 

fuels. When comparing synthetic and fossil fuels, it is important to note that GHG 

emissions of synthetic fuels such as ammonia occur upstream, while the emissions 

of fossil fuels originate from the combustion process itself, with less emissions oc-

curring upstream. The exception to this is low carbon synthetic fuels such as meth-

anol, which need to source their carbon content from sequestrated carbon dioxide 

to result in net zero combustion GHG emissions.209 

The net zero production pathways of ammonia and methanol are discussed fur-

ther in the following sections. 
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Figure 20. (Net) Zero carbon fuel production pathways (non-exhaustive); fossil 
pathways as transitional technologies210 

2.5 Ammonia 

Nowadays ammonia is mainly used to produce fertilizers, but it can be combusted 

in fuel cells and internal combustion engines (ICE) to produce energy. Ammonia 

could provide a zero-carbon energy source, but it is not commercialized as a fuel 

yet. Ammonia is easy to produce, and the technology is mature. The combustion 

of ammonia might, however, result in additional nitrous oxide emissions, which is 

a powerful GHG.211 

The current use of ammonia is almost exclusively limited to fertilizer usage. In the 

absence of green hydrogen, grey hydrogen is used in the production today, making 

ammonia synthesis one of the biggest carbon dioxide emitters of the chemical in-

dustry. Hydrogen is the largest contributor to ammonia’s emissions. The preferred 
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production pathway of hydrogen used in ammonia synthesis is electrolysis pow-

ered by renewable energy. Emissions from different hydrogen pathways were dis-

cussed in the previous chapter.212,213 

Ammonia is produced via the Haber-Bosch process from nitrogen and hydrogen in 

high temperatures and pressures with a catalyst. Cryogenic air separation is the 

most common way of obtaining the nitrogen needed in ammonia production. The 

Haber-Bosch process requires a lot of energy. Less energy requiring production 

methods are also explored, like solid-state-ammonia-synthesis.214,215 

 

Figure 21. Green ammonia production process216 

The Haber-Bosch process is a mature technology, and thus the energy efficiency 

of the process has had time to develop. Even though the efficiency of the Haber-
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Bosch process is hard to further improve, the emissions can be reduced by utilizing 

renewable energy to power the process. Replacing fossil energy with renewable 

energy can be carried out in each production step of ammonia to reduce life cycle 

GHG emissions.217218 Thus, the emissions from the production of ammonia depend 

largely on the source of energy used within processing. Production emissions of 

ammonia can reach close to zero if powered by renewable energy. Powering the 

hydrogen production with renewable energy is the most significant way of bring-

ing down the GHG emissions of ammonia.219 

 

Figure 22. Ammonia production220 

As stated previously, ammonia production is already a well-established industrial 

process, and it has a satisfactory fuel pathway efficiency. The efficiency is brought 

down by the requirement of producing the hydrogen from renewable electricity. 

When the electrolysis production of hydrogen gets more efficient, so will ammonia 

production. Electrolyzer efficiencies are expected to improve in the fu-

ture.221,222,223 
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The current efficiency of ammonia synthesis is 52 per cent, when electrolysis, cry-

ogenic air separation, and the Haber-Bosch process are accounted for (see Figure 

22). 

2.5.1 Combustion Emissions 

Ammonia can be combusted, for example, in a fuel cell or a reciprocating internal 

combustion engine (RICE). The choice of combustion technology affects the emis-

sions. 

Ammonia does not contain any carbon, and thus its’ combustion does not lead to 

direct carbon dioxide emissions. If carbon-based fossil fuels are used as pilot fuel 

to ignite the ammonia for RICE combustion, carbon dioxide emissions will be emit-

ted.224 

The combustion of ammonia in RICE, however, results in ammonia slip, NOx, and 

nitrous oxide emissions. Some means of controlling ammonia slip already exist. 

For example, ammonia slip catalysts have been developed for road transport. 225 

The bulk of nitrous oxide emissions are direct emissions from combustion. Higher 

combustion temperatures decrease nitrous oxide emissions and ammonia slip but 

increase NOx emissions. Catalysts for the simultaneous removal of NOx and nitrous 

oxide are available for emission reduction. The combustion process can be opti-

mized to reduce resulting emissions as well.226 
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Ammonia could also lead to indirect nitrous oxide emissions if it leaks into soils or 

water, via bacteria induced denitrification. The amount of ammonia converted to 

nitrous oxide in soils and water is highly variable and difficult to estimate.227 

Ammonia can be directly used in a solid oxide fuel cell, SOFC. Solid oxide fuel cells 

operate at high temperatures. SOFCs could lead to some minor NOx emissions, but 

the emissions associated with the combustion are still uncertain due to lack of test 

data. SOFC is still under research for ammonia combustion. Fuel cells can reach 

high efficiencies, with an associated improvement in fuel consumption.228 

2.6  Methanol 

2.6.1 Synthetic Methanol 

Synthetic fuels, also called electro-fuels or e-fuels, can be obtained by synthesizing 

hydrogen and carbon dioxide. The synthetic fuels include, for example, synthetic 

methanol, synthetic methane, synthetic diesel, synthetic petrol, and synthetic ker-

osene. Synthetic fuels can be used in existing infrastructure, engines, and heating 

systems. These fuels can fully replace conventional fossil fuels and can be blended 

with them in any desired ratio. This chapter discusses exclusively synthetic meth-

anol.229  

Methanol can be produced from a variety of sources and pathways. To name a 

few, grey methanol can be produced from SMR, blue methanol from SMR coupled 

with CCS, bio-methanol from biomass feedstocks, and e-methanol from captured 
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carbon dioxide and renewable energy. Green methanol includes bio-methanol and 

e-methanol.230 

 

Figure 23. Well-to-Wake GHG emissions of methanol relative to Marine Gas Oil 
assuming a slow-speed ship231 

Grey methanol exceeds the emissions of marine gas oil, generating about 92 

gCO2eq/MJ emissions. Blue methanol, with a carbon capture rate of 90 per cent 

has high emissions as well, about 81 gCO2eq/MJ. E-methanol has the potential of 

reaching close to zero emissions, while bio-methanol could achieve around 8 

gCO2eq/MJ emissions.232 

The emissions of blue methanol and grey methanol are substantially higher than 

green methanol’s. This is because the carbon dioxide emissions occurring during 
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the combustion of these fuels are not sequestrated, and they are accounted to-

wards the overall emissions. Because methanol is a carbon containing fuel, its’ 

combustion results in carbon dioxide emissions. While hydrogen and ammonia, 

fuels that do not contain carbon, can benefit from the natural gas SMR coupled 

with CCS pathway, the same does not necessarily apply to carbon containing fuels, 

such as methanol, because they release carbon dioxide during combustion.233,234 

If the source of the carbon, in the case of synthetic methanol, is renewable (from 

biomass or direct air capture, DAC), the carbon dioxide released during combus-

tion is not considered in the total emissions. This is because the carbon from air is 

put back into the atmosphere, avoiding the emitting of new carbon dioxide. The 

fuel would be considered net zero carbon if the source of the carbon dioxide is 

renewable, and the hydrogen is produced using renewable energy. When CCU is 

done in conjunction with fossil fuel combustion, the produced methanol is not 

considered net zero carbon, however, it would be considered low carbon. The use 

of captured carbon dioxide, in this case, would transfer the carbon dioxide emis-

sions to another sector, not abate them. Bio-methanol will be discussed separately 

in an upcoming chapter. This chapter focuses on synthetic methanol. 235,236 

Methanol synthesis is the most common pathway of producing synthetic metha-

nol. Methanol synthesis is already a widely used industrial process. Hydrogen and 

carbon dioxide are synthesized into methanol during the process. The synthesis 

includes steps of producing syngas, producing crude-methanol, and conditioning. 
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The production technology has a lot of steps, and advancing this technology is un-

der research. Direct methanol synthesis would allow skipping the first step of pro-

ducing syngas.237 

Despite the current interest in removing steps from methanol synthesis, the pro-

cess is quite mature. It has an efficiency of about 80 per cent today. When the 

methanol synthesis known today is considered with its’ three steps, including hy-

drogen electrolysis and direct air capture, the efficiency of the whole fuel pathway 

is estimated at a hair over 40 per cent. The conclusion is that electrolysis and DAC 

have dissatisfactory efficiencies.238 

DAC requires a lot of energy, and it is not a mature technology yet. Further devel-

opments on DAC are needed for its’ commercial utilization. Capturing 1 kg of car-

bon dioxide from ambient air would require around 1,75 kWh of thermal heat and 

0,25 kWh of electrical energy. The numbers are bound to decrease a little bit over 

the decade.239 

2.6.2 Bio-methanol 

Methanol is usually produced from natural gas, but it can be obtained from organic 

sources, such as biogas, biomethane, biomass, and waste. Methanol produced 

from these alternative carbon-containing sources is referred to as bio-methanol. 

Bio-methanol has the same chemical properties as conventional methanol. The 

processing steps are almost the same for bio-methanol and fossil methanol pro-

duction. Bio-methanol only requires an additional step of pretreatment for its’ 

feedstock. 240 
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Figure 24. Overview of major methanol production processes from various carbon 

sources241 

As illustrated above, when methanol is produced from biogas, it follows the same 

process steps as natural gas. Biomass and waste share the same process steps with 

coal for methanol production. The energy efficiency of SMR (natural gas, biogas) 

is generally higher than for gasification, because gasification (coal, waste, biomass) 

feedstocks have lower hydrogen/carbon ratios and higher ash and char con-

tents.242 

The SMR route must be modified for biogas if used instead of natural gas, because 

biogas contains more carbon dioxide than natural gas, thus affecting the compo-

sition of crude syngas produced.243 
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The process energy for bio-methanol production is sometimes co-produced in the 

facility from biomass, resulting in lower life cycle GHG emissions of the produced 

bio-methanol. The source of electricity and heat used in the processing of bio-

methanol can be switched from fossils to renewables to lower the emissions from 

production.244 

Producing methanol from waste wood in a free-standing plant is estimated to re-

duce GHG life cycle emissions by 86 per cent compared to the fossil counterpart.245 

 

 

244 Jeswani, Chilvers, and Azapagic, 2020 
245 European Union, 2018/2001 Directive 



82 

3 GLOBAL CLIMATE RELATED REGULATIONS FOR THE ENERGY SEC-

TOR 

Eight Multilateral Development Banks (MDBs) committed 25,72 billion US dollars 

to energy projects in the early 2020, in the beginning of the pandemic. Fossil fuel 

energy was supported with around 3,1 billion US dollars, of which 2,25 billion was 

directed towards oil and gas projects. Finance committed to clean energy 

amounted to 13,15 billion. A large portion of the finance is directed towards gov-

ernment loans, technical assistance, energy infrastructure, and investments to fi-

nancial intermediaries, such as commercial banks, other development funds, and 

private equity firms.246 

The climate finance provided by MDBs is provided in varying forms. Loans are one 

of the most common forms of climate finance. Grants are a form of concessional 

finance, which is usually not intended to be paid back. Bonds are a type of finance 

which uses the proceeds of a project to finance other climate projects. Guarantees 

are designed to attract private investments by de-risking projects. Policy-based fi-

nancing is provided with the intention of helping public borrowers fulfil national 

policies, and result-based financing is given out to public entities with accounta-

bility requirements attached.247 
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Figure 25. Public money commitments to fossil fuels, clean and other energy in 
MDBs spending since January 2020, USD billion, as of 4 May 2022248 

The European Investment Bank is the biggest MDB source of finance for the energy 

sector, followed by the World Bank Group and the Asian Development Bank. The 

Islamic Development Bank is the smallest source of finance within the listed MDBs 

in the energy sector. The IsDB financed one fossil fuel project in 2020 according to 

Energy Policy Tracker.249 

A commonality the eight biggest Multilateral Development Banks share is the help 

they provide for client countries to reach Sustainable Development Goals and the 

Paris Agreement commitments. The MDBs provide increasing amounts of climate 

finance, mobilize private capital, provide technical assistance, and aid countries to 

formulate NDCs and achieve them, among other practices which promote the re-

alization of these goals and commitments.250,251 
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Figure 26. Six building blocks and principles jointly agreed by the MDBs as core 
areas for aligning with the Paris Agreement252 

Figure 26 illustrates the six building blocks that MDBs jointly agreed on to align 

their activities with the Paris Agreement.253 

The energy sector financing practices of the eight biggest MDBs are discussed in 

the upcoming sections, alongside OECD’s and E3F’s energy sector practices, and 
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the EU’s recent energy sector regulation developments. The Table 3 below pro-

vides an overview of the individual MDBs’ financing practices of selected energy 

sources. 

Table 3. Overview of MDB Support for Different Forms of Energy 

 

Bank 

Down-

stream oil 

Down-

stream gas 

Midstream 

gas 

Coal Hybrid so-

lutions 

AfDB 

(2012) 

Yes Yes Yes Yes Yes 

ADB 

(2021) 

Yes (Condi-

tional) 

Yes (Condi-

tional) 

Yes (Condi-

tional) 

No Yes 

IADB 

(2018) 

Yes Yes Yes No Yes 

IsDB 

(2018) 

Condi-

tional 

- - - - 

AIIB (draft) No Yes Yes No Yes 

EBRD 

(2018) 

- Yes (Condi-

tional) 

Yes (Condi-

tional) 

No - 

World 

Bank 

(2021) 

- Yes (Condi-

tional) 

Yes (Condi-

tional) 

No Yes 

EIB No No No No No 
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3.1 Export Finance for Future 

Governments provide export credits through Export Credit Agencies (ECAs). Ex-

port Credit Agencies are companies working on behalf of the government. The 

purpose of ECAs is to promote national economy by promoting and de-risking the 

export of goods and services to foreign countries. The role of public institutions 

has become the most important source of export finance. The ECAs grant export 

credits in different forms. The different forms include interest rate support, guar-

antees, insurance, and so on.254,255 

There are international agreements and regulations on ECGs (Export Credit Guar-

antees) to ensure that a country cannot compete with their ECGs and gain com-

petitive leverage through them. European Union and OECD create universal guide-

lines for member countries to ‘level the playing field’ amongst them. OECD’s Offi-

cially Supported Export Credits is the most prevalent agreement on export credits 

within the organization’s member countries. The members of Export Finance for 

Future are also members of the OECD.256 

Export Finance for Future was founded in April 2021 by France, the Netherlands, 

Denmark, Spain, Germany, United Kingdom, and Sweden in the first Export Fi-

nance for Future (E3F) summit. The coalition’s objective is to mitigate greenhouse 

gas emissions by using financial instruments, export finance, and official trade. A 

Statement of Principles was created to outline these commitments and means of 

mitigating GHG emissions.257,258 
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The Statement of Principles established that exports of unabated coal, as well as 

related infrastructures and supply chain activities, will no longer receive official 

trade or export finance support. The official trade and export finance support is 

going to be directed to favor sustainable projects. The E3F coalition is harnessed 

to decrease the prevalence of oil and gas in the energy sector. As stated in the 

Statement of Principles, the export finance aims to promote innovation, invest-

ments in climate resilient technologies and infrastructures, GHG reductions in the 

energy sector, decarbonization of transport, and transitioning emission-intensive 

industries. 259 

Finland, Belgium, and Italy joined the coalition in November 2021 during the sec-

ond summit of E3F. The summit’s conclusions were summarized in a statement. 

The statement established that new direct public support of global unabated fossil 

fuel energy will be discontinued within the year of 2022. However, the member 

countries of E3F will define for themselves the pace and extent of phasing out di-

rect public support for unabated fossil fuels. The coalition members will announce 

their established procedures in doing so within the year of 2022.260,261 

3.2 Organization for Economic Co-operation and Development 

Organization for Economic Co-operation and Development (OECD) is an organiza-

tion that creates standards, initiatives, and programmes through government col-

laboration. OECD and its key partners combined constitute 80 per cent of global 

trade and investment. The organization has 38 member countries and 5 ‘key part-

ner’ countries. The member countries apply common standards and policies cre-

ated by the OECD. The organization harnesses economies, business actions, and 
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policies to make changes in environmental, social, and economic landscapes. Ad-

ditionally, OECD is an advisor to G20, delivering analytical data and reports to sup-

port policymaking. OECD publishes over 500 country surveys and data-analytical 

reports annually to provide information in support of policymaking. OECD’s legal 

instruments include decisions, recommendations, arrangements, declarations, in-

ternational agreements, and understandings. International agreements and deci-

sions are legally binding. The other legal instruments are generally not legally bind-

ing, but can hold political value, because they are often made with the consensus 

of member countries. 262,263,264,265,266 

OECD administers Official Development Assistance (ODA), which is granted to de-

veloping economies by OECD member countries’ national governments. The ob-

jective of ODA is to accelerate the economic growth and promote welfare in de-

veloping countries with the aid of developed countries. ODA has been aligned with 

the goals of the Paris Agreement in each financed activity. Renewable energy and 

energy efficiency are prioritized in energy sector finance. Coal projects will not re-

ceive ODA support anymore, except for CCUS and projects which do not extend 

the lifetime of a coal-fired power plant.267,268 

OECD launched the International Programme for Action on Climate (IPAC) in May 

2021, which has a goal of helping countries transition to climate-neutrality and 

sustainable economies by 2050. OECD contributes to the cause by considering the 
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goal in policymaking, harnessing investments and finance, tracking progress, and 

engaging other parties to reach the common goal.269  

The reason why the 2050 climate-neutrality goal is not on the right trajectory from 

OECD’s perspective is insufficient emission fees and taxes, as well as varying de-

grees of climate ambition reflected by Nationally Determined Contributions. The 

efforts need to be unified in order to reach the set goals. OECD also thinks that an 

increasing number of individual countries need to pledge to the net zero emissions 

by 2050 target. 

OECD analyses the progress made towards reaching the Paris Agreement goal of 

committing 100 billion dollars annually to developing countries’ climate finance. 

The target was initially set to be reached in 2020, but was later postponed to 

2025.270,271 

OECD has been tracking the goal through four financial components, including of-

ficially supported export credits, multilateral and bilateral public climate finance, 

and the private finance mobilized by the public finance granted. All of the climate 

finance tracked is initiated by developed countries for the benefit of developing 

countries.272 

The results from OECD’s progress data analytics show that the investments were 

around 80 billion US dollars in 2019 (See Figure 27). The target being an annual 
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100 billion, the finance ended up 20 billion short. OECD predicts that the 100 bil-

lion target would be achieved in 2023, two years early of the pledged commit-

ment. 273,274 

 

Figure 27. Climate finance provided and mobilized (USD billion)275 

As illustrated by Figure 27, the multilateral public climate finance has experienced 

a continuous growth since 2016. The role of export credits has been on an upward 

trajectory as well, though its’ share is small in comparison to the dominating public 

finance measures. The share of bilateral public finance and private finance de-

creased in 2019 from the previous year. 276 

Multilateral public climate finance includes the contributions of MDBs and climate 

funds. The finance takes the forms of equity investments, grants, and loans. The 

multilateral public climate finance mainly constituted of MDB finance, with a con-
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tribution of 30 billion from the total of 34,1 billion. The rest was provided by cli-

mate funds. MDBs made a collective announcement in 2019 that they strive to 

invest 65 billion in climate finance by the year of 2025, estimating that the pro-

vided finance would attract an additional 40 billion in private climate finance.277,278 

The majority of public climate finance constituted of loans, followed by grants, and 

with a minimal contribution of equity. Around a third of the total climate finance 

has been consistently directed to energy sector projects. Asia received most of the 

financing with a 40 per cent share, followed by Africa with 26 per cent.279,280,281 

OECD’s ‘Recommendation of the Council on Common Approaches for Officially 

Supported Export Credits and Environmental and Social Due Diligence’ is applied 

by the member countries’ Export Credit Agencies (ECAs). The OECD’s Common Ap-

proaches is not legally binding. However, the common approaches were agreed 

on by the members, entailing that they are politically integrated. 282,283 

The purpose of Common Approaches is to promote coherence within the adher-

ents’ policies on officially supported export credits. The recommendation encour-

ages the adherents to review projects based on World Bank Performance Stand-

ards and the World Bank’s EHS guidelines. The Performance Standards’ GHG im-

plications are discussed separately in 3.3. World Bank.284 

The Common Approaches outlines the environmental, human rights, climate 

change, and social policies applicable to export credits in OECD member countries. 
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The objective is to level the playing field, by encouraging competition based on 

attributes such as quality and price, instead of export finance policies. If a devel-

opment bank is involved in a project, their standards are used in the review of the  

environmental and social impacts of the project, as well. The project will always 

have to align with the host country’s national laws. The member countries must 

report how their ECAs implement the Common Approaches to OECD.285 

3.3 World Bank 

The World Bank is the biggest multilateral source of climate finance for developing 

countries. The World Bank’s mission is to reduce poverty by facilitating inclusive 

sustainable development and economic growth. The World Bank Group consists 

of five institutions: IFC, IBRD, IDA, ICSID, and MIGA.286,287 

The International Finance Corporation’s (IFC’s) function is to provide finance as 

equity and loans, as well as mobilize external capital and private sector invest-

ments to developing countries. The Multilateral Investment Guarantee Agency 

(MIGA) offers political risk insurance and credit enhancement services to investors 

and lenders. The International Bank for Reconstruction and Development (IBRD) 

aids middle-income and creditworthy low-income governments. The International 

Development Association (IDA) issues concessional grants and loans to low-in-

come countries’ governments. The International Centre for Settlement of Invest-

ment Disputes (ICSID) handles investment disputes.288 
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IFC and MIGA provide finance for private sector projects. IDA and IBRD operate 

mainly in the public sector within government-run projects. IFC and MIGA pro-

mote sustainable growth by opening new markets for private sponsors. The suc-

cess of private projects is affected by the public infrastructure investments. Both 

public and private finance is needed for the economic growth of middle- and low-

income countries.289,290 

3.3.1 Performance Standards 

The World Bank Performance Standards, formerly called IFC Performance Stand-

ards, are now applied by each institution of the Bank, with the exclusion of ICSID. 

The World Bank Performance Standards on Environmental and Social Sustainabil-

ity were deployed in 2012. The Performance Standards are widely used in project 

and development finance to evaluate the perceived social and environmental 

risks. The standards were used by 70 international banks, 30 Export Credit Agen-

cies of OECD’s member countries, and European Development Finance Institutions 

(EDFIs) in 2012. Many private businesses also use the Performance Standards to 

evaluate social and environmental risks. The divisions of IFC, MIGA, IDA, and IBRD 

of the World Bank use Performance Standards for projects they finance and sup-

port. When IFC and MIGA finance projects, the Performance Standards are applied 

to the whole project. When IDA or IBRD finances projects, Performance Standards 

are solely applied to sub-projects which entail private participation. ESF guidelines 

are applied to the sub-projects which are conducted by public entities. EHS Guide-

lines are applied to all projects financed by the Bank.291 
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World Bank Performance Standard 3 covers resource efficiency and pollution pre-

vention. Greenhouse gases and water consumption are discussed under resource 

efficiency, and wastes, hazardous materials management, and pesticide use are 

discussed under pollution prevention.292 

As stated by Performance Standard 3, the project needs to arrange the design and 

processes of the project to spare raw materials, energy, and water in core-busi-

ness activities. The project should also adopt GHG emission mitigation measures 

when they are financially and technically feasible, for the duration of the project 

implementation and its operation. Energy efficiency should also be improved 

when technically and economically feasible. If the project is estimated to result in 

over 25000 tonnes of GHG emissions as carbon dioxide equivalents per year, the 

direct and indirect emissions of the project need to be reported. The reporting 

must be done on an annual basis.293,294 

3.3.2 Environmental and Social Framework 

The World Bank developed a new Environmental and Social Framework (ESF), 

which manages project risks and impacts on environment and society. ESF was 

applied from October 2018 onwards to new projects taken on by the Bank. The 

framework replaced the previously used Safeguard Policies. The Safeguard Policies 

are still adopted by projects financed before 2018. After a transition period of 

seven years, the Safeguard Policies are taken out of practice. ESF is used by IBRD 
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and IDA, which fund public projects. Private entities need to comply with Perfor-

mance Standards instead of ESF. The World Bank’s EHS guidelines are referred to 

in all projects.295,296 

The ESF consists of ten Environmental and Social Standards (ESSs). The ESF guide-

lines’ ESS3 covers Resource Efficiency and Pollution Prevention and Management. 

The objectives of the standard are to conserve energy, water, and other resources, 

as well as to avoid and minimize GHG emissions, waste, and environmental and 

health impacts. 297 

The pollutant release is managed by EHS guidelines or national laws of the host 

country, according to the strictest one of the two. Adopting energy efficiency 

measures and renewable energy are proposed as ways to reduce the release of 

pollutants and GHGs. The quantification of GHG emissions is mandated when it is 

economically and technically feasible. The Bank also provides technical assistance 

to fulfill the task if the borrower needs it.298 

3.3.3 World Bank Climate Change Action Plan 2021-2025 

The World Bank formulated a new Climate Change Action Plan, which is applicable 

to the Bank’s lending between the years of 2021 and 2025. The Action Plan out-

lines the World Bank’s climate change mitigation and adaptation measures for the 

established period. According to the Action Plan, the World Bank will align all of 

its’ activities within IDA and IBRD to be consistent with the Paris Agreement, by 

the year of 2025. Additionally, the entire World Bank Group will dedicate 35 per 
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cent of total lending to climate finance during the period. Half of IDA’s and IBRD’s 

climate finance will be directed towards adaptation.299 

The Bank invests in energy projects which provide energy access to lacking regions. 

Low-carbon energy sources are prioritized, while keeping in mind the resiliency to 

climate change induced extreme events. Attention is paid to energy efficiency as 

well. Coal power plant decommissioning within high-emitting, emerging econo-

mies is an important driver of global GHG mitigation. The commercialization of 

green technologies is recognized as crucial for GHG emission abatement.300 

The World Bank aids client countries in the formulation of carbon pricing tools to 

accelerate decarbonization through financial instruments.  The Bank will always 

consider a country’s NDCs when evaluating projects, since they are the most ef-

fective at portraying the national climate change mitigation and adaptation aspi-

rations and preferred terms of reaching them.301 

Coal mining and coal-based electricity production are not financed by the Bank. 

The Bank helps client countries with repurposing old coal mines and coal-fired 

power plants. Peat extraction and electricity production are not funded either. Oil 

pipelines have not been funded by the Bank since 2014, and the existing practice 

was made official in 2019, when upstream oil and gas project support was discon-

tinued.302 
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Downstream natural gas projects may be funded if lower carbon alternatives are 

deemed unfeasible, or if the objective is to stabilize the grid or replace, for exam-

ple, coal usage. Gas infrastructure is financed when such projects align with coun-

try’s NDCs, the projects do not lead to carbon lock-in, and so on.303 

The World Bank’s mini-grid and off-grid solution investments are the highest out 

of all the MDBs. The Bank is increasing their involvement in offshore wind, green 

hydrogen, battery storage, electrification, and CCUS project finance. Energy effi-

ciency is financed by the Bank, as it is often effective at delivering GHG reductions 

with the lowest price attached.304 

3.4 European Union Green Deal and Related Processes 

3.4.1 European Green Deal 

The European Green Deal sets a legally binding target for EU members to become 

climate-neutral by 2050, and an intermediate goal for 2030 to reduce GHG emis-

sions by at least 55 per cent compared to the 90’s level.305 

The target of achieving climate neutrality is synonymous with net zero emissions, 

and essentially entails emitting the same amount of GHG emissions, than what is 

taken out from the atmosphere. The key elements driving the transition to climate 

neutrality are cutting emissions, green technology investments, and protection of 

environment.306,307 

 

 

303 World Bank, 2021 
304 World Bank, 2021 
305 European Commission 
306 European Commission 
307 European Union, 2021 



98 

The European Green Deal is a package of climate-oriented measures. The 

measures are deployed to support the pursuit of the legally binding target by ac-

celerating the mitigation of GHG emissions and increasing atmospheric carbon re-

movals within EU. The European Green Deal includes climate action initiatives, 

such as the European Climate Law, the European Climate Pact, 2030 Climate Tar-

get Plan, and the EU Strategy on Climate Adaptation. Energy System Integration 

Strategy and the Hydrogen Strategy, among other strategies, have been revised to 

align with the objectives of the European Green Deal. Some of the proposed revi-

sions are discussed in this chapter.308 

The EU published the “Fit for 55” package in July 2021. The proposed package aims 

to bring EU legislation in line with the 2030 goal. Revisions were proposed to the 

Energy Efficiency Directive (EED), the Renewable Energy Directive (RED), and other 

EU documents.309,310 

The EU promotes and encourages ambitious climate policies in the international 

context, for example through channels such as G7, G20, the World Trade Organi-

zation, and the United Nations. The EU also puts effort forward to establish inter-

national carbon markets through collaboration with global partners. The EU lever-

ages its’ economic status to guide the international standards to correspond with 

the Union’s ambition level in climate change mitigation.311 
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3.4.2 Energy Efficiency Directive 

The proposed revision of the Energy Efficiency Directive (EED) puts emphasis on 

the overarching principle of the EU’s energy policy ‘energy efficiency first’. Invest-

ment decisions and policy will be guided by this principle.312 

The current Energy Efficiency Directive (EED) has a non-binding target of improv-

ing energy efficiency by 2030 with 32,5 per cent. The former target of 32,5 per 

cent set out in the 2018 Directive was for both, final and primary energy consump-

tion. The suggested revision of EED would increase the ambition to 36 per cent for 

final energy consumption, and 39 per cent for primary energy.  The goal would be 

made legally binding.313,314,315 

The new goal is achieved by improving the annual energy saving rate in energy 

end-use by 1,5 per cent each year between 2024 and 2030. The current energy 

saving rate is 0,8 per cent, as set out in the 2018 Energy Efficiency Directive. The 

revised directive would create momentum to achieve these goals by focusing on 

energy sub-sectors which have high energy saving potentials, such as buildings, 

industry, heating and cooling, and energy services. The role of the public sector is 

important within the transition, and it is further emphasized in the revised di-

rective. Thus, 1,7 per cent of annual energy savings are required of each EU mem-

ber’s public sectors. In honour of that, 3 per cent of the floor area in in public 

buildings is required to be renovated annually.316,317,318,319 
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Buildings show great energy efficiency improvement potential. Around 75 per cent 

of buildings have poor energy efficiency. Heating and cooling covers 80 per cent 

of energy use in buildings. The revised EED introduces an emission limit of 270 

gCO2/kWh for high-efficiency energy co-generation. Additionally, co-generation of 

natural gas needs to achieve 10 per cent primary energy savings compared to sep-

arate production of heat and electricity.320,321,322,323 

3.4.3 Renewable Energy Directive 

The Renewable Energy Directive (RED) is under revision due to the climate-neu-

trality objectives of the European Green Deal. The proposed revision would entail 

doubling the share of renewables in the energy mix (from 19,7 to 40 per cent) by 

2030. The target is 32 per cent in the currently used 2018 Renewable Energy Di-

rective. 324 

 The revision of the directive puts emphasis on adopting renewables where their 

presence is currently lacking. The sectors include buildings, industry, and 

transport. The proposal promotes renewable hydrogen for applications which are 

hard to decarbonize through electrification.325 

The revised RED promotes heating and cooling from renewable energy sources, 

including solar energy, geothermal energy, ambient energy, biogas, biomass, bi-

oliquids and waste heat and cold, in combination with thermal energy storage.326 
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The decarbonization of heating and cooling is addressed with legally binding tar-

gets in the proposed revision. Renewable energy and waste heat utilization are 

increased annually by 1,1 per cent in heating and cooling, 2,1 per cent in district 

heating and cooling, and 1,1 per cent in industry energy use. Half of the energy 

used in buildings would be accommodated with renewable energy in 2030.327 

The revised RED sets a target of reducing the emission intensity of transport fuels 

by 13 per cent by 2030. The share of advanced biofuels is increased to 2,2 per cent, 

and the share of renewable fuels from non-biological origin (RFNBO) is increased 

to 2,6 per cent.  Electrolyzer capacity is increased to 40GW, and half of industry’s 

energy and non-energy hydrogen consumption needs to be met with renewable 

hydrogen.328 

The proposed RED would make an important change in the definition of RFNBO. 

In the current RED, RFNBO can only be accounted towards the EU’s GHG emission 

mitigation targets in the transport sector. The revision of RED would expand 

RFNBO to contribute to the Union’s emission mitigation targets in the energy and 

power sector as well. The revision will not do the same extension for recycled car-

bon fuels. The contribution of recycled carbon fuels is accounted for in transport 

sector GHG mitigation efforts only, just like in the current RED. Both RFNBO and 

recycled carbon fuels must reduce GHG emissions by 70 per cent compared to 

fossil fuel in order to be aligned with RED and contribute to EU’s targets in their 

respective sectors.329 
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The support for electricity production from biomass is going to be ended in 2026. 

All biomass-based energy production must comply with the EU’s GHG saving 

thresholds.330 

3.4.4 Industrial Emissions Directive 

A revision has been proposed for the Industrial Emissions Directive (IED), which 

regulates the pollutant emissions of industrial applications. The directive is being 

revised due to EU’s target of a zero-pollution industry by 2050. The IED regulates 

the emissions based on emission limits set out in the Best Available Techniques 

(BAT).  The BAT is used for permitting. The revision of IED entails revising the Best 

Available Techniques as well. Around 50 000 installations comply with the di-

rective within EU, of which 30 thousand are large industrial plants. IED and BAT 

cover a plethora of emissions and pollution to air, water, and soil.331,332,333,334,335 

The revised IED entails tightened permitting, flexible permits for installations ap-

plying emerging technologies, increased circular economy investments, and giving 

increased attention to methane emissions and energy efficiency. The extraction of 

industrial minerals and metals, and production of batteries will be added as regu-

lated activities under IED.336,337 

IED regulates GHG emissions which are not covered by ETS, such as methane and 

fluorinated gases. The revised IED will increasingly contribute to decarbonization 

by introducing energy efficiency requirements to minimize energy consumption. 
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The installations regulated by IED need to formulate a plan on how they intend on 

becoming aligned with sustainable, clean, and climate-neutral economy by 2050. 

New and existing lean burn gas engines cannot emit more than 215 mg/Nm3 of 

methane in the revised IED.338 

3.4.5 EU Taxonomy for Sustainable Activities 

The EU Taxonomy aids in the pursuit of the European Green Deal’s goals by direct-

ing investments to sustainable projects and activities. The EU Taxonomy is a clas-

sification system for sustainable economic activities. The Taxonomy was estab-

lished to identify and define these activities and give consensus to what is consid-

ered sustainable. The Taxonomy was established before the European Green Deal, 

but it is an important tool to reach the GHG reduction goals, nonetheless. Since 

public sector’s efforts are not enough to reach climate-neutrality without the pri-

vate sector’s contribution, the Taxonomy will give security to investors in climate-

friendly activities, prevent greenwashing, and direct investments where they are 

most needed. The six Taxonomy objectives include climate change mitigation, ad-

aptation, transition to circular economy, sustainable use of water resources, pro-

tecting ecosystems, and pollution prevention and control.339,340 

Financial market participants which offer financial services, as well as large corpo-

rate companies, need to disclose their activities’ alignment with EU Taxonomy. 

The disclosures inform the amount of Taxonomy aligned activities as a percentage 

of turnover or expenditures (capex, opex), whichever is deemed appropriate for 

reporting. The activity needs to substantially contribute to one of the six objectives 
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of the Taxonomy, and ‘do no significant harm’ on the other objectives. The Com-

mission estimates that the current corporate alignment with the Taxonomy is low. 

Only 1-5 per cent of activities and investment portfolios are estimated to be 

aligned with the Taxonomy.  An increase is expected with the implementation of 

the European Green Deal. The Taxonomy helps attract investments to activities 

which are aligned, or in the pursuit of becoming aligned with the Taxonomy.341,342 

The Taxonomy will possibly be extended to cover environmentally harmful and 

neutral activities, in addition to the environmentally sustainable activities. The up-

date would entail dividing turnover or expenditures (capex, opex) to three catego-

ries. The categories include ‘substantial contribution’, ‘significant harm’, and a 

neutral category. The turnover or expenditure would thus be divided into percent-

ages of these three categories, giving a more well-rounded understanding of the 

environmental implications of the company’s portfolio. Multiple energy generat-

ing sources are considered sustainable in the first Taxonomy Delegated Act if they 

emit less than 100 CO2e/kWh.343,344 

A Complementary Climate Delegated Act was established under the Taxonomy to 

outline the conditions for nuclear and gas projects to be considered sustainable.  

Categorizing these activities as sustainable will facilitate a transitional shift from 

oil and coal. The gas activities included in the Taxonomy are high-efficiency heat, 

electricity, and co-generation energy production. However, these fossil gas activi-

ties need to comply with a direct GHG emission limit of 270 g CO2e/kWh or alter-

natively an annual GHG emissions average limit of 550kg CO2e/kW over 20 years, 
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replace existing coal or oil plants when replacement is not feasibly done with re-

newables, and switch to low-carbon or renewable gases by 2035. Additionally, the 

transition to low carbon gases is done gradually. Thirty per cent of the fuel used 

needs to be low carbon in 2026, and 55 per cent in 2030. The plant needs to reduce 

GHG emissions by 55 per cent over its’ lifetime.345,346,347,348 

Nuclear activities are required to ensure safety and proper waste management 

practises in order to be covered by the Taxonomy. Nuclear energy is supported 

because it does not interfere with the development of variable renewable energy, 

and it provides a low-carbon baseload for the energy sector. The Delegated Act 

was formally adopted in March 2022.349,350,351,352 

3.5 Inter-American Development Bank 

The Inter-American Development Bank (IADB) is on a mission to increase the avail-

ability, quality, and efficiency of energy within its’ operation region, Latin America 

and the Caribbean (LAC). Cross-border integration, as well as diversifying the en-

ergy mix are some of the objectives of the Bank. The energy security of LAC is en-

sured by investing in energy infrastructure and cross-border energy integration, 

for more reliable energy services. The main documents outlining the Bank’s oper-

ations in the energy sector are the Energy Sector Framework from 2018, and the 

Environmental and Social Policy Framework from 2020.353,354 
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Figure 28. IADB Subsector Breakdown, Total Loans in Energy Sector355 

The Latin America and the Caribbean (LAC) region is getting close to achieving the 

SDG7 of universal access to electricity, with only 3 per cent of the total population 

still lacking energy services. The advancements are largely due to shifting the pre-

ferred method of providing access to power from grid extension to decentralized 

energy systems, because most of the population still lacking energy access is lo-

cated in rural and remote areas. Grid extension can be a costly way of accommo-

dating the remote population with energy. The new solution is to supply these 

regions with off-grid systems of renewable energy and diesel back-ups.356  

The Bank tries to minimize electricity losses by addressing technical losses which 

occur due to unsatisfactory maintenance, poor design of transmission lines, and 
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overloaded transformers. Smart grids are also supported by the Bank to improve 

the function of the grid. 357 

According to the Bank, the energy security of LAC is improved by reducing losses, 

developing natural gas systems, increasing regional energy integration, and invest-

ing in energy infrastructure. The Bank suggests improving natural gas distribution 

by constructing gas pipelines and LNG terminals.358 

The Bank supports projects that increase access to high-quality energy services. 

The projects include grid extension and decentralized systems, energy efficiency 

and renewable energy adoption, as well as infrastructure investments to reduce 

electricity losses.359 

Mobilization strategies of the Bank will combine institutional, private, and donor 

funding in the form of private-public partnerships, blended finance, bonds, and 

guarantees.360 

The Bank’s investments are mainly directed towards renewable energy projects, 

natural gas projects, infrastructure for transport and distribution, storage, energy 

efficiency, and the electrification of remote locations.361 

The Bank does not support nuclear projects. Fossil fuel is supported when it is eco-

nomically sensible, for example, to rehabilitate existing power plants, to switch 

the fuel from coal or oil to natural gas, or to extend the energy supply to lacking 

regions. The Bank supports fossil fuel energy efficiency improvement projects.362 
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The Bank does not generally support coal related activities or oil and gas explora-

tion. Gas infrastructure is financed if it provides energy access to low-income pop-

ulation, is consistent with GHG mitigation measures, and supports national climate 

change goals.363 

The Bank has developed Environmental and Social Performance Standards (ESPSs), 

which outline the environmental and social risk mitigation measures that the bor-

rower must comply with. The ESPS 3 covers resource efficiency and pollution pre-

vention. The ESPS 3 is identical to the World Bank Performance Standard on re-

source efficiency and pollution prevention.364 

The borrower is encouraged to consider adopting GHG mitigation measures into 

project design and operation when it is technically and economically feasible. The 

borrower should refer to EHS guidelines’ section on resource efficiency and pollu-

tion prevention, or other internationally recognized documents to apply sufficient 

environmental and social risk management. 365 

3.6 Asian Development Bank 

The Asian Development Bank (ADB) approved their new energy policy in October 

2021. The objective of the policy is to gain universal access to affordable and reli-

able energy, and aid Asia and the Pacific in their pursuit of transitioning to a less 

GHG intensive energy sector.366 
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The ADB accelerates decarbonization by reducing the GHG intensity of electricity 

production, while simultaneously increasing the share of electricity in the total en-

ergy consumption. Energy efficiency improvements are supported over adding 

new energy production capacity due to the economic implications of EE. 367,368 

The projects which are not supported by the ADB include upstream and midstream 

oil activities, coal projects (except for decommissioning), nuclear, and natural gas 

exploration.369 

The most rural and remote areas are supplied with energy through mini-grids and 

off-grid energy solutions. Battery storage solutions will further the adoption of 

these systems in the future. Even though upstream and downstream oil activities 

are not supported by the Bank, selected downstream oil projects are given con-

sideration, such as hybrid energy systems. Additionally, oil projects may be fi-

nanced if there are plans in place to reduce oil dependence in the future.370,371 

The Bank finances transmission and distribution, for example by enhancing the 

reliability of the networks, connecting generation capacity to the grid, expanding 

to underserved regions, and engaging in projects which reduce technical losses 

and power outages.372 

Interconnectivity is promoted with the objective of improving energy security and 

system stability, as well as reducing generation costs and system losses. In addition 

to electricity interconnectivity, gas pipeline cooperation is promoted as well.373 

 

 

367 ADB, 2021 
368 ADB, 2021 
369 ADB, 2021 
370 ADB, 2021 
371 ADB, 2021 
372 ADB, 2021 
373 ADB, 2021 



110 

Coal mining, storage, processing, transportation, and new coal-fired plants are not 

supported by the Bank. The ADB does not invest in upgrades or rehabilitations of 

existing coal power plants that would extend the operation of the coal-fired heat-

ing or power plant. However, decommissioning and repurposing these power 

plants is supported.374 

The Bank estimates that natural gas consumption of developing member countries 

will increase up until 2030. The Bank recognizes that natural gas reduces carbon 

dioxide emissions when it is used instead of oil or coal. The ADB also thinks that 

natural gas might support the penetration of renewables when used as balancing 

power. However, the Bank is wary of the impact of natural gas in the long-term 

landscape of climate change. The Bank supports natural gas projects with cau-

tion.375,376 

The Bank does not finance natural gas exploration. Midstream and downstream 

activities gain limited support. Natural gas projects are generally considered for 

financing when they provide power system flexibility, deliver access to energy for 

the underserved population, or replaces oil or coal.  The projects must be energy 

efficient and utilize best available technologies. Natural gas infrastructure may be 

funded by the Bank in the form of pipelines, storage facilities, and LNG terminals. 

377 

Additionally, natural gas projects are not financed if lower carbon alternatives 

could deliver the same service for the same price, or if the project is subject to 

becoming stranded assets in the future.378 

 

 

374 ADB, 2021 
375 ADB, 2021 
376 ADB, 2021 
377 ADB, 2021 
378 ADB, 2021 



111 

The ADB finances CCUS projects. Enhanced oil recovery related CCUS is not sup-

ported by the Bank.379,380 

The ADB’s Safeguard Policy Statement (SPS) consists of the environment and social 

safeguards of the Bank’s activities. The purpose of the SPS is to manage the envi-

ronmental and social impacts of a project. The SPS consists of three safeguards: 

environmental safeguards, involuntary resettlement safeguards, and indigenous 

people’s safeguards. The Bank does not finance projects which do not comply with 

the safeguards or the host country’s national laws. The World Bank’s EHS guide-

lines can also be used for additional information, where the sourcebook of ADB 

does not provide exhaustive information.381 

3.7 African Development Bank 

The objective of the African Development Bank (AfDB) is to mitigate poverty in its’ 

regional member countries (RMCs) by evoking social progress and sustainable eco-

nomic growth. The AfDB directs investments and mobilizes additional funds to ac-

complish the objective. Just like all MDBs, the AfDB is committed to the Sustaina-

ble Development Goals. The main document referenced is the AfDB’s energy strat-

egy from 2012.382 

The importance of investing in infrastructure for economic growth is recognized 

as an area of improvement in Africa. These investments are estimated to increase 

the African GDP by two per cent. The African Development Bank has invested in 

transport, water, and energy to achieve this goal.383 
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The completed projects from the year of 2020 effectively improved energy availa-

bility, and reduced GHG emissions within the region. Electricity was provided to 

260 000 people without previous access, power capacity was increased by 202 

MW (half being renewable), and carbon dioxide emissions were reduced by 1,6 

million tonnes.384 

The New Deal on Energy for Africa was launched in 2018 to achieve energy access 

for all by 2025 through public-private partnerships. Additionally, the AfDB mobi-

lized almost 110 million US dollars of climate finance from external climate funds, 

including the Green Climate Fund, the African Climate Change Fund, the Climate 

Investment Funds, and the Global Environment Facility.385,386 

The aim of AfDB’s energy policy is to extend the energy access for the whole Afri-

can population, and to do it in an environmentally, economically, and socially sus-

tainable way. The AfDB does not prohibit the utilization of fossil fuels to fulfill the 

goal. While fossil fuel power generation is supported by the AfDB, clean and effi-

cient energy is preferred when it is economically feasible.387 

As of 2013, the AfDB supports the use of coal, arguing that Africa has large coal 

reserves that can be utilized to improve access to inexpensive energy within the 

continent.388 The AfDB bases its’ coal project financing decisions on a set of crite-

ria: increasing energy accessibility of the low-income population, improving re-

gional energy security, and reducing GHG emissions. Coal mine exploration is not 

supported by the Bank.389 
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The AfDB’s recommended GHG mitigation measures for thermal power plants in-

clude using less carbon intensive fossil fuels, such as natural gas, using carbon neu-

tral fuels like biomass, combined heat and power plants, energy efficient thermal 

power plants, monitoring and managing combustion efficiency, and improving ef-

ficiency by reducing transmission losses.390,391 

The Bank supports African oil and gas processing, distribution, export, and produc-

tion. The Bank does not support oil and gas exploration, nor nuclear energy.392,393 

Home Systems (SHS) and Green Mini Grids are utilized to provide energy access to 

underserved regions. In addition to these decentralized energy solutions, the Bank 

invests in electricity infrastructure in the form of grid extensions and power gen-

eration capacity.394 

Biofuel production is supported by the AfDB when the production does not impair 

food security or biodiversity, contributes to rural development, reduces carbon 

dioxide emissions on a life cycle basis, and does not lead to poverty.395 

The energy policy of the Bank also highlights the importance of energy efficiency 

in furthering the development of the continents’ energy sector beyond adding 

new generation capacity. In fact, the Bank prefers energy efficiency improvement 

projects over new energy generation capacity projects due to economic implica-

tions and the duration of commissioning periods.396 
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The Bank supports regional large-scale energy projects of, for example, fossil fuels, 

solar, hydropower, and geothermal, as well as regional and cross-border oil and 

gas pipelines. 397 

The AfDB has five operational safeguards for addressing environmental and social 

risks that the clients are required to meet during the project’s life cycle. The oper-

ational safeguards include environmental and social assessment, involuntary re-

settlement land acquisition, population displacement and compensation, biodi-

versity and ecosystem services, pollution prevention and control, hazardous ma-

terials and resource efficiency, and labor conditions, health, and safety. Both pri-

vate and public clients need to comply with the operational safeguards. The ISS 

system was developed in 2013 to coincide with the AfDB’s new ten-year strategy 

and other multilateral development institutions’ policies.398 

Operational Safeguard 4 regarding pollution prevention and control, hazardous 

materials and resource efficiency is based on the EHS guidelines and applies to 

private and public sectors. The World Bank Group’s Environmental, Health and 

Safety (EHS) Guidelines are applied to greenhouse gas management and account-

ing in the AfDB.399,400 

3.8 Islamic Development Bank 

The Islamic Development Bank (IsDB) is committed to help countries reach the 

SDG7 goal of providing energy access for all, while honouring the Paris Agreement 

target of limiting global warming to 1,5 degrees. The Bank will select projects 
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based on each member country’s individual needs. The selection will always com-

ply with sustainable development criteria, which are applied across all the 

MDBs.401,402 

 

Figure 29. Framework for the Energy Sector Policy403 

The above Figure 29 illustrates the main pillars and objectives of IsDB’s energy 

policy. The bank will strengthen the energy sector by partnerships, by regional in-

tegration, by attracting private capital, and by deploying innovative finance mech-

anisms. The Bank promotes clean energy and energy efficiency whenever possi-

ble.404 
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The Bank strives to fulfil the SDG7 goal of contemporary, affordable, and reliable 

energy for all by distributed generation, decentralized energy systems, transition-

ing to modern energy services, extending the energy infrastructure, and consoli-

dating the existing infrastructure.405 

The Bank promotes solar power, hydropower, and energy efficiency projects. Oil 

and gas projects are evaluated based on sustainability, safety, and efficiency. The 

Bank does not support nuclear energy.406 

Solar PV is favoured as a solution to supply remote populations with energy via 

mini-grid and off-grid energy systems. According to the IsDB, the underlying moti-

vation for increasing renewable energy in some of the Bank’s member countries is 

to liberate more oil and gas for export.407 

The IsDB does not restrict the financing of fossil fuel projects in their energy policy.  

However, the Bank helps member countries decarbonize the energy sector, and 

supports their NDC implementation efforts. The IsDB has also excluded coal infra-

structure energy efficiency projects, upstream fossil fuel extraction, production, 

distribution, and transportation of coal, oil, and natural gas from ‘green finance’. 

The Bank, however, does not exclude ‘non-green’ investments from their financ-

ing practices.408,409 

Safeguard policies are a way of managing social and environmental risks of the 

projects a development bank finances. The IsDB just recently published their own 

safeguard policies, in 2020. The IsDB used to solely comply with target country’s 

regulation, or other MDBs safeguard policies when co-financing projects. The Bank 
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recognises that the lack of social and environmental safeguard policies has limited 

its’ partnerships with other MDBs, bilateral institutions, and multilateral funds. 

The Bank has now created its’ first environmental and social safeguard policies 

(ESSP) which are aligned with global best practices. The Bank thinks that the new 

ESSP will benefit the member countries due to increased access to global re-

sources. The Bank will now consider the sustainability aspects in the financing de-

cisions of projects.410 

Environmental and social impact assessment is required for projects that have sig-

nificant social and environmental risks. The project is then recommended to man-

age the risks by avoidance, mitigation, or compensation. Recommendations for 

risk mitigation are provided by the Bank. The IsDB monitors that the client man-

ages the risks of the project and takes measures compliant with the Bank’s guid-

ance. The Bank states that the new ESSP was formulated by combining some of 

the aspects of already existing safeguard policies, adopted by other institutions. 

The policy was enforced in 2021.411 

3.9  Asian Infrastructure Investment Bank 

3.9.1 Current Energy Strategy 

The Asian Infrastructure Investment Bank (AIIB) developed an ‘Energy for Asia 

Strategy’ to guide activities in the energy sector in 2017. The strategy was 

amended in 2018. The Energy Strategy is currently being revised. The current En-

ergy Strategy is discussed in this chapter, and the revision in the next one.412,413 
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The objective of the strategy is to help member countries increase access to safe, 

reliable, and clean energy while honouring the Paris Agreement’s target of limiting 

global warming to 1,5 degrees. The Strategy recognizes the importance of univer-

sal energy access to end poverty and promote economic growth.414,415 

The six principles of the AIIB’s energy strategy are promoting energy access, real-

izing energy efficiency potential, decarbonizing the energy supply, managing local 

and regional pollution, mobilizing private capital, and promoting regional co-oper-

ation and connectivity.416 

Asia has massive reserves of oil, gas, and coal, as well as good exploitation poten-

tials of hydropower, solar, and geothermal. Thus, the Bank takes advantage of 

these potentials by not excluding oil and gas extraction investments. However, the 

Bank decarbonizes the energy sector by reducing investments in oil and coal. Nat-

ural gas investments will be slightly reduced as well. Renewable energy, low-car-

bon energy, and energy efficiency investments are increased. The Bank supports 

centralized and decentralized renewable energy projects. Nuclear power projects 

are not financed by the AIIB.417 

The Bank finances some fossil fuel energy production projects. Gas-fired power 

generation is considered to selected countries. Oil and coal projects are supported 

in three possible scenarios: When improving the efficiency of existing capacity, the 

capacity is essential for system reliability, or if alternatives are not feasible.  Each 

country’s NDCs and individual conditions are evaluated when considering these 

projects.418 
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Upstream and midstream activities of oil and gas are supported by the Bank if they 

improve energy security or promote regional integration. The development and 

rehabilitation of natural gas distribution is supported by the AIIB, including me-

thane leakage projects. The Bank views gas infrastructure as important for the 

transition to low carbon future. 419 

The Bank finances energy efficiency projects that improve the efficiency of existing 

electricity generation capacity, reduce fuel consumption, improve energy effi-

ciency through predictive maintenance methods, as well as reduction programs 

and final use efficiency initiatives. The Bank tries to increase the amount of energy 

efficiency projects by co-operating with other MDBs and bilateral institutions.420 

The Bank supports transmission and distribution projects that aid the adoption of 

renewable energy, increase resiliency to natural disasters, reduce technical losses, 

improve reliability of supply, and increase system efficiency with smart grids and 

digital solutions. Transmission and distribution projects are generally considered 

to carry low environmental and social risks. Despite this, the social and environ-

mental risks of the transmission and distribution projects are screened.421 

3.9.2 Drafted Energy Strategy 

The Bank is currently in the midst of updating its’ Energy Sector Strategy. The 

drafted strategy announces that the Bank dedicates half of all finance to climate 

finance by 2025 to honor the Paris Agreement. The new strategy focuses on ena-

bling infrastructure for low carbon electricity and fuels, as well as fuel shifts from 

coal and oil. The draft would also include the notion that the Bank supports pro-
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jects of electricity storage, offshore wind, hybrid renewable energy plants, and hy-

drogen production. Coal projects are excluded from the Bank’s scope of finance. 

The Bank would, however, finance coal power plant decommissioning and fuel 

shifts to lower carbon alternatives. Oil projects would not be supported either, 

except in the context of hybrid energy production for off-grid energy systems. The 

new stance on natural gas would entail a more accepting outlook due to its’ es-

sential role in hard-to-abate sectors during the energy transition. Natural gas is 

favored also because many member countries have domestic reserves of natural 

gas, which improve the energy security of said countries. Natural gas is appealing 

as an enabler of increased intermittent renewable energy generation.422 

3.9.3 Environmental and Social Framework 

The AIIB screens all financed projects to ensure that they comply with the Bank’s 

Environmental and Social Framework (ESF).423 The renewed 2021 Environmental 

and Social Framework (ESF) is applied to new projects from first of October 

2021.424 

The Bank requires the client to identify the social and environmental risks of a 

project and the Bank makes sure that appropriate measures are in place to avoid 

or mitigate the risks.425 

The ESF mandates the clients to implement resource efficiency when it is finan-

cially or otherwise feasible. Resource efficiency covers energy, water, and other 

material consumption. 426 
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Pollution prevention and control technologies applied to a project need to be con-

sistent with international standards. The World Bank’s EHS guidelines, for exam-

ple, are recommended to be used for this purpose.427 

The GHG emissions arising from the project need to be evaluated. When econom-

ically or technically feasible, the projects should consider implementing low-car-

bon technologies, reducing emissions, improving energy efficiency, or using re-

newable energy.428 

The ESF essentially addresses environmental and social risks and impacts of pro-

jects in their preparation, identification, and implementation. The national envi-

ronmental and social policies are applied if they are stricter than the AIIB’s. When 

co-financing projects with other MDBs or other institutions, the AIIB may use the 

environmental and social policies of the co-financier.429 

3.10 European Bank for Reconstruction and Development 

The Energy Sector Strategy (ESS) for 2019-2023 outlines the European Bank for 

Reconstruction and Development’s (EBRD’s) approach to energy sector opera-

tions. According to the Strategy, the Bank strives to increase electrification, decar-

bonize electricity, improve energy efficiency, promote fuel switching, increase re-

newable energy generation capacity, and decrease the associated costs, and pro-

mote natural gas as a transition fuel.430 

Natural gas projects are financed with the objective of supporting the variable na-

ture of renewables, and to replace coal and oil. The investments in natural gas 

projects can be facilitated when lower carbon energy sources are not feasible, and 
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the projects are not subject to becoming stranded assets. Shadow price of carbon 

is taken into account in the economic assessment of the project. The project must 

be consistent with country’s NDCs and Bank’s Environmental and Social Policy.431 

Additionally, the design has to be technologically flexible. Technological flexibility 

of the design means that the power plant can be retrofitted to reduce emissions 

in the future. Examples include operational changes from baseload to peaking ca-

pacity, adoption of CCS, or repurposing natural gas infrastructure to be used for 

biogas and hydrogen.432 

The EBRD does not invest in coal projects, oil exploration, or upstream oil devel-

opment projects, except projects which reduce GHG emissions or flaring. The Bank 

does not finance new nuclear power plants either. However, safety improve-

ments, radioactive waste management, and decommissioning of existing nuclear 

power plants are supported.433 

The Bank does not invest in coal related activities, including related transport, dis-

trict heating, or electricity production. Although, the Bank can finance district 

heating companies, provided that the investment is not related to coal-based pro-

duction. The Bank finances efficiency and environmental upgrades of some of the 

existing coal-fired assets if they are compliant with Best Available Techniques and 

EU emission limits.434 

Shadow carbon pricing is applied to all GHG intensive projects as part of the finan-

cial evaluation of a project. GHG intensiveness is defined as an annual release of 
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100 000 tonnes of CO2eq. The carbon price considered in the economic assess-

ment is 40-80 US dollars per one tonne of CO2eq. The Bank uses the economic 

assessment as part of their project approval evaluation process.435,436 

The EBRD lists a few innovations of the energy sector: fugitive methane emission 

detection in the upstream via sensors and in the midstream operations via drones, 

waste to power, biomass to fuels, bifacial solar panels, CCUS, hydrogen, chemical 

batteries and thermal storage, ultra-high-voltage cables, mini grids, and smart me-

ters.  The Bank supports these innovations through investments, policy engage-

ment, green bonds, the Green Innovation Programme, and Climate Innovation 

Vouchers.437 

According to the Bank’s Environmental and Social Policy (ESP) the financed pro-

jects must comply with the EU’s environmental principles and practices independ-

ent of the project’s host country. The ESP outlines ten Performance Requirements. 

Performance Requirement 3 discusses Resource Efficiency and Pollution Preven-

tion and Control.438 

Under PR3, the GHG emissions of a project need to be avoided and minimized 

when technically and economically feasible during the implementation and oper-

ation of the project. Such measures include, for example, utilizing low carbon en-

ergy sources or reducing fugitive emissions and gas flaring, similar to the World 

Bank’s Performance Standards. If the project’s annual GHG emissions exceed 

100 000 tonnes of CO2eq, the emissions need to be quantified and reported with 

the practices of the EBRD’s Protocol for Assessment of Greenhouse Gas Emissions. 
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The quantification includes direct emissions from all activities of the project, and 

indirect emissions from the production of energy used by the project.439 

The EBRD establishes in its’ Green Economy Transition (GET) 2021-25 that the 

Bank will dedicate half of its’ total finance to green finance by 2025. GET also ex-

presses the Bank’s target to reduce GHG emissions by 25 million tonnes annu-

ally.440 

3.11 European Investment Bank 

The European Investment Bank (EIB) outlines in its’ Energy Lending Policy (ELP) 

that the Bank does not finance any unabated fossil fuel energy projects, including 

natural gas. The decision covers all geographical locations, even beyond the EU. 

ELP reflects the EU’s energy targets and policies.441,442 

The European Investment Bank focuses on four themes in their energy sector op-

erations. The themes are energy efficiency, low-carbon supply, innovation, and 

enabling infrastructure. 443 

Energy efficiency is the most cost-effective means of achieving the climate and 

energy goals of the EIB. Buildings, as well as heating and cooling are priorities in 

the energy efficiency realm. The EIB and the European Commission deployed the 

Private Finance for Energy Efficiency initiative to increase energy efficiency invest-

ments.444 
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The EIB partakes in the pursuit of the EU’s European Green Deal targets. The Bank 

shares the EU’s goal of reaching 32 per cent renewables in the energy mix by 2030. 

(The target is increased to 40 per cent when the revision of RED is approved.) The 

goal is reached by doubling the generation capacity of renewable electricity. In 

addition to electricity production, the share of low-carbon gases (biogas and hy-

drogen), renewable heat (biomass and geothermal), and low-carbon fuels are in-

creased to achieve the goal. The topic was thoroughly explored previously in a 

dedicated chapter. 445,446 

The Bank supports innovation and innovative energy infrastructure. Innovative en-

ergy infrastructure includes decentralized energy production, electric vehicles, in-

novative business models, and energy storage.447 

The EIB invests in enabling infrastructure to integrate variable renewable energy 

and to foster cross-border interconnections. The grid investments are expected to 

grow over time and increase in significance due to electrification. In addition to 

traditional transmission and distribution, the Bank invests in storage and off-grid 

systems.448 
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Figure 30. EIB Lending449 

The Bank does not finance electricity, heat, or co-generation projects that emit 

more than 250 gCO2eq/kWh. The emission limit of 250 gCO2eq/kWh is also appli-

cable to low-carbon energy sources and projects applying CCS. Unabated fossil fuel 

projects are not financed.450,451 

Industrial waste heat utilization projects are applicable for Bank finance as an en-

ergy efficiency improvement project. Energy efficiency gas-fired co-generation 

projects may be financed by the Bank as well, if it can be proven that the project 

is truly energy efficient and compliant with the EED. The project must result in 5 

per cent annual primary energy savings, and the electricity generation of the pro-

ject still has to result in less than 250 gCO2eq/kWh emissions.452 
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The Bank thinks that natural gas can potentially provide short term GHG emission 

reductions when substituting oil and coal. Investments will occur even in the ab-

sence of the Bank’s financing of such projects.453 

Natural gas is intended to be replaced with low-carbon gases, such as synthetic 

gas, hydrogen, and biogas. The Bank finances the production of these gases, as 

well as related infrastructure to enable integration. The Bank only supports gas 

infrastructure projects which are intended to transport these low-carbon gases.454 

The GHG emissions of biomass and low-carbon fuel production projects need to 

comply with emission limits set out in the EU Directive 2018/2001 when appraising 

such projects.455 

The technologies that are not widely deployed yet, may be financed by the Bank 

if it deems the long-term economic outcomes to justify the high initial costs. An 

example of this is hydrogen.456 

The EIB’s Environmental and Social Standards frame the Bank’s requirements to 

manage environmental and social risks of a project. Standard 3 covers resource 

efficiency and pollution prevention, and standard 5 covers climate change.457 

The objective of standard 3 is to facilitate resource efficiency and promote circular 

economy through the use of Best Available Techniques (BAT). Pollution prevention 

and control is done through compliance with Industrial Emissions Directive (IED) 

for projects located in the EU.458 
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Standard 5 outlines the mandatory climate change mitigation and adaptation 

measures of a project. The projects can be aligned with the European Green Deal, 

the European Climate Law, National Energy and Climate Plans (NECPs) and Na-

tional Adaptation Plans, among others. Information on the emitted GHG emissions 

and the project’s alignment with climate resiliency need to be provided to the 

Bank.459 
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4 CONCLUSIONS 

The urgency of mitigating GHG emissions is evident from the climate change in-

duced effects already experienced all around the world, and the future projections 

of effects yet to be experienced. The carbon budget of limiting global warming to 

1,5 degrees would be used up by 89 per cent in 2030 if all NDCs announced before 

COP26 were implemented. The carbon budget to limit warming to 2 degrees 

would be used up by 39 per cent in 2030. The estimation raises concern and entails 

that immediate action needs to be taken to limit emissions before the year of 

2030, especially if the warming would like to be kept under 1,5 degrees.460 

Many regions around the world have still not hit their GHG emission peak, because 

energy consumption tends to increase with industrialization and country develop-

ment. On top of that, the people who still live without access to electricity are yet 

to be accommodated. The current consensus is that coupling energy efficiency 

measures with increased low-carbon energy production is the primary way of tack-

ling the GHG emissions arising from increased and existing energy consumption.461 

While energy efficiency improvements conserve energy, and thus extend the en-

ergy supply, new production capacity will still be needed, and existing fossil fuel 

usage replaced. Extending the low-carbon energy production capacity has been 

assigned to fulfil this dual purpose. Increases in solar and wind power generation 

capacity are expected to rise to the task in particular. 
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Figure 31. Final Energy Consumption by Carrier in 2018 and 2040 in the SDS462 

As seen from the Figure 31, the future of energy is going to rely more on electricity. 

Electricity is the easiest sector to decarbonize, which means that electricity is go-

ing to take over other forms of energy. Gas and liquids are going to be replaced 

with electricity, for example in industrial processes and the heating of buildings. 

However, electrification cannot be extended to all energy sectors in a feasible 

manner. Other energy sources will still be needed in hard-to-abate applications 
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and energy sub-sectors. For example, the long-distance transport and some indus-

trial processes cannot be powered by electricity. These sectors will be decarbon-

ized with hydrogen, low-carbon fuels, CCUS, and other technologies, in the future.  

Nowadays four fifths of the energy used is fossil-based. According to IEA’s projec-

tions, fossil fuels would only account for 20 per cent of energy consumption in the 

net zero pathway for the year of 2050. Coal has been excluded from financial sup-

port by many institutions already, and the utilization of other fossil fuels is gradu-

ally decreased and replaced with other energy sources across energy sectors. Nat-

ural gas has gained recognition as the transition fuel, which initially replaces oil 

and coal, before the gas infrastructure and assets can be used by low carbon 

fuels.463 

The transition from fossil fuels to low-carbon fuels is highly dependent on policy 

tools and reforms which incentivize the use of these fuels. In addition to policy 

incentivisation, the production costs of power-to-X and other low-carbon fuels 

need to be brought down through extended production capacity and economies 

of scale. The current production capacities are not enough to supply the emerging 

end-use sectors of these fuels.464 

According to the International Energy Agency, up until 2030, the required GHG 

emission reductions can be largely achieved by utilizing already commercialized 

and existing technologies. However, after the year of 2030, new technologies 

which have not entered the market yet need to be deployed at large scale. Climate 

neutrality will not be achieved by 2050, or global warming limited to 1,5 degrees 

without the deployment of these emerging technologies.465 
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5 APPENDIX 

Renewables have penetrated the electricity sector well in the last ten years, while 

much slower progress can be detected in heat and transport sectors. The energy 

sector took a hit from the COVID-19 pandemic. Decarbonizing the electricity sec-

tor, however, was kept on the right track, thanks to policies and declining prices 

of technologies. Much can be alluded to long-term contracts, priority access to the 

grid, low marginal costs, and new installed capacity. Even though renewable 

sources of energy have increased over the years, the total energy consumption 

has increased simultaneously, resulting in the share of renewables appearing to 

be stagnant at around 17 per cent. IEA estimates that renewable energy consti-

tutes 25 per cent of total energy consumption in 2030.466 

Solar and wind energy have had the most significant increase in total energy con-

sumption leading up to 2018. Even though renewables are well represented in the 

electricity sector, electricity covered only 21 per cent of total energy consumption 

in 2018. Heat sector contributed to 47 per cent and transport 32 per cent in 

2018.467 

Promoting the usage of renewables, energy efficiency, and decreasing fossil fuels 

in the heat sector is regarded with policies very little. About 75 per cent of heat is 

sourced from fossil fuels. The percentage of renewables in the heat sector is 

around nine, when traditional uses of biomass is excluded. The progress report 

suggests that policymaking should promote technologies like sustainable gases 

and biomass, solar thermal, and geothermal heat in order to decarbonize the heat 

sector. Electrification would be a viable option to decarbonize the heat sector as 

 

 

466 IEA, IRENA, UNSD, World Bank, WHO, 2021 
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well. Clear and coherent policies are important in directing investments to the sus-

tainable path in heating and cooling. Only 49 countries had supportive policies for 

sustainable heating and cooling, and the number has remained nearly unchanged 

for years. Policies to support the end of fossil fuel utilization, increased energy 

efficiency, and renewables, are needed to address the emissions of heating and 

cooling.468 

The follow-up report proposes strategies to accelerate the decarbonization of the 

heat sector, one of which is replacing fossil gases with renewables, such as green 

hydrogen, biomethane and biogas. Some of the renewable gases, like biomethane, 

can utilize the existing gas infrastructure, decreasing the need for investments. 

Policies, subsidies, and investments would be needed to promote the transition. 

Supportive policies create security and confidence in sustainable finance. Many 

countries decided to end financial support for unabated fossil fuels in COP26. The 

pledge is a step towards reaching the goals of SDG7. 469 

Emergence of electric vehicles has led to progress in decarbonizing the transport 

sector. Biofuels, mainly ethanol and biodiesel have also increased the share of re-

newables in transport sector. The pandemic had an unfortunate impact on biofu-

els due to reduced demand for fuel altogether. However, over seventy countries 

have policies in place to support biofuel. Electric vehicles’ support is highly market-

driven in these countries as well. The countries are forecasted to experience an 

increase in the share of renewables in the transport sector. The countries which 

do not have promoting policies in place will not experience such growth, alluding 

to the importance of policies. 470 
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The target to increase energy efficiency is 2,6 per cent annually by 2030. IEA esti-

mates that the improvement will be hindered to an annual improvement of 2 per 

cent until 2025. The goal is most likely not reached.471 

While renewable energy is mainly driven by private investments, developing coun-

tries have a different story to tell. Low-carbon energy is heavily funded by public 

finance in developing countries. It is essential to direct international public finance 

to developing countries in order to reach the SDG7 goals. Progress report shows 

that a large portion of international public financial flows go to a few specific coun-

tries. Financial flows directed to 46 least developed countries only amounted to a 

fifth of the total finance. De-risking investments to certain countries and sectors is 

an important tool to attract private finance and help these countries reach goals 

of SDG7. If public finance could be attracted to capacity projects, public finance 

could focus on financing infrastructure upgrades and system flexibility, like energy 

storage. 472 
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