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1 CO2-TAX LEVELS AND POLICY INSTRUMENTS 

To reach policy targets, a CO2-tax is a commonly proposed policy tool. A CO2-tax is a tax applied to 

emissions of CO2 from a specific source. Most commonly, this source is the combustion of fossil 

fuels. The aim of a CO2-tax is to incentivise reductions in CO2 emissions to reach policy targets set 

nationally, regionally, or globally. Since CO2 emissions are related to specific technologies, they can 

be reduced by replacing currently used technologies with carbon-free technologies. A CO2-tax can 

be used to improve the competitiveness of these carbon-free technologies. 

 

In section 1.1, we will provide an overview of a selection of current CO2-taxes which are relevant to 

the competitiveness of carbon-free technologies such as e.g. e-fuels in shipping. In section 1.2, we 

will provide an overview of the expected CO2-taxes required to make these alternative, carbon-free 

technologies competitive. In section 1.3, we will show how a CO2-tax can work in tandem with inno-

vation policy to advance promising technologies to industrial scale.  

 

1.1 The CO2-tax on shipping is zero due to the risk of carbon leakage  

CO2-taxes are usually either applied to the CO2 or energy content in a fuel or both. Taxing the CO2 

or energy content will both be a tax on CO2 emissions from combustion of the fuel. However, a tax 

on the energy content rather than on the CO2 is considered an indirect CO2-tax as opposed to direct. 

The combination of these two taxes is called the effective CO2-tax. 

 

CO2-taxes on a fuel use can be made up of both national and regional/international taxes. CO2 can 

be taxed at different levels of jurisdiction each with a different purpose. For example, in the EU, 

multiple fuel uses are taxed both at the national level and at the EU-level through the EU Emission 

Trading System (EU ETS)1. 

 

Increased costs from a CO2-tax can lead to carbon leakage which is reflected in the tax levels. Car-

bon leakage occurs when operation in a sector that emits CO2 is moved outside of the jurisdiction of 

the carbon tax. As such, a reduction of global CO2 emissions is not achieved. To avoid issues of car-

bon leakage, CO2-taxes are often kept at a low level in the sectors at risk. 

 

We here present CO2-taxes and risk of leakage in four sectors relevant to deployment of e-fuels:  

1) Road transport, covering e.g. heavy-duty vehicles, 2) Industry, covering e.g. the fertiliser indus-

try, 3) Intra-EU aviation, covering all aviation between airports in countries within the EU (includ-

ing the UK), and 4) Shipping, covering uses of e-fuels in maritime transport. 

 

Road transport is at low or no risk of carbon leakage and CO2 is already taxed at a high level. Road 

transport covers both light- and heavy-duty vehicles. It is possible to choose the country for refuel-

ling and avoid a national tax, especially for heavy-duty vehicles crossing multiple countries. How-

ever, it seems unlikely that truck drivers would drive much further to reach a country with a low 

CO2-tax. Especially since effective CO2-taxes are already at a high level across Europe at 162-241 

EUR per tonne CO2 in Denmark, Sweden, Germany, and the UK, see Figure 1. 

 

 
1 The EU ETS is a system of tradable emission allowances. As such, the quantity of emissions is fixed (or controlled at the EU-

level) while the price (implicitly the tax level) can vary depending on the demand for allowances. 
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Industry sectors not at high risk of carbon leakage are covered at minimum by the EU ETS. While 

some industry sectors in the EU are deemed at high risk of carbon leakage, some potential off-tak-

ers of e-fuels in the industry sector are not. These sectors are covered by the EU ETS with a current 

CO2-price of 46 EUR per tonne CO2.2 Further, national taxes increase the effective CO2-tax to 54-91 

per tonne CO2 in Denmark, Sweden, Germany, and the UK. 

 

Intra EU-aviation is taxed regionally through the EU ETS introducing little risk of carbon leakage. 

Transport by aviation results mostly from a need to get from point A to point B with only some in-

terest in flying to an alternative point C. A CO2-tax imposed at the regional level, such as the EU 

ETS, to aviation within that region will therefore not introduce carbon leakage. Effectively, the re-

gional tax limits the option for an alternative point C. As such, the effective CO2-tax on intra-EU avi-

ation across countries is the EU ETS price of 46 EUR per tonne CO2.  

 

The CO2-tax on shipping is zero due to risk of carbon leakage. Shipping is a prime example of a sec-

tor prone to carbon leakage for two reasons: 1) Fuel cost makes up a large share of operational costs 

making it expensive to comply, and 2) operation is international making it possible to avoid a na-

tional or regional CO2-tax. As such, there is currently no CO2-tax on shipping. 

 

Figure 1 

Effective CO2-taxes in selected European countries by usage, 2020 

EUR per tonne CO2 

 

Note: Road transport is based on taxes of diesel for road transport. Industry is based on taxes on oil for industry 

uses which are not exempt from the EU ETS. Intra-EU aviation is taxed at the EU ETS price while aviation out-

side the EU and to an airport outside the EU is not taxed. UK aviation to EU is still covered by the EU ETS until 

at least April 30, 2021 while aviation to EEA-countries will be covered by the UK ETS afterwards (see [2]). 

Source: [3] and [1] Current EU ETS price of about 46 EUR per tonne CO2. [accessed 21 April 2021] 

  

 
2 [1] Current EU ETS price of about 46 EUR per tonne CO2. [accessed 21 April 2021] 

162

54 46

177

56 46

168

69 46

241

91
46

ShippingRoad transport Industry Intra-EU Aviation

GermanyDenmark Sweden UK
No CO2-tax 

on shipping



 

5 

1.2 Timing is key in estimating the required CO2-tax to close the gap 

“Closing the gap” describes reducing the gap in costs to make carbon-free technologies competitive. 

The lack of uptake for a carbon-free technology like e-fuels can in part be attributed to the higher 

cost. This can be solved by reducing the gap in costs of currently used technologies compared to the 

carbon-free alternatives through e.g. a CO2-tax. 

 

However, the required CO2-tax to close the gap depends on the sector. A carbon-free technology like 

e-fuels can potentially be rolled out across multiple sectors. However, there will often be differences 

in the gap in costs depending on the sector due to difference in e.g. the currently used technologies 

or the effectiveness of the alternative when applied to a specific sector. This should be considered 

when assessing the required CO2-tax across sectors. 

 

The overall required CO2-tax to close the gap is the tax that allows a policy target to be reached. Re-

ductions in emissions is required across all sectors to reach a policy target like e.g. the 1.5°C target 

of the Paris Agreement. Therefore, it requires a CO2-tax that is higher than in the individual sectors 

such that it can close the gap across multiple sectors. It is estimated that the required CO2-tax to 

reach the Paris Agreement is 130-160 EUR per tonne CO2 ([4], page 30). 

 

Timing of a CO2-tax can allow cheaper deployment of the required technologies. Promising technol-

ogies which are currently maturing will likely become cheaper in the next decades. Introducing a 

high CO2-tax to make technologies competitive now will impose large costs on the firms which are 

intended to deploy these technologies. Instead, a lower CO2-tax could be introduced initially to 

make less costly carbon-free technologies competitive. Then it could gradually be increased as the 

more expensive technologies mature. This will decrease the overall required CO2-tax to close the 

gap and impose fewer costs on firms. 

 

CO2-neutral ammonia can initially be deployed in the fertiliser industry and then later in shipping. 

As a case of the timing of deployment and required levels of CO2-taxes, CO2-neutral ammonia is a 

good candidate due to three reasons: 

 

Firstly, the fertiliser industry is established and already covered by the CO2-price of the EU ETS. Po-

tential off-takers of CO2-neutral ammonia are available already today since 1) ammonia is currently 

produced based on natural gas (grey ammonia) to be used in the fertiliser industry, and 2) the pro-

duction of ammonia is covered by the EU ETS, and hence producing CO2-neutral ammonia would 

allow the producers to save costs of EU ETS allowances.  

 

Secondly, CO2-neutral ammonia production is possible within the next decade at a small increase in 

the CO2-tax by using carbon capture and storage technologies (CCS) on current facilities (blue am-

monia). The cost of CCS on single point emitters has already been proven at 100 EUR per tonne, is 

expected to decrease to 80 EUR per tonne by 2030, and further decrease to between 55-70 EUR per 

tonne by 2050, see Figure 2. 
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Figure 2 

Estimates on cost of carbon capture and storage (CCS), 2020-2050 

EUR per tonne CO2 

 

Note: All estimates are for CCS on single point emitters. 1) Based on an international study of a facility in Ger-

many. 2) Estimates are for CCS in near coast areas. 2030 and 2050 numbers are supported further by 3) 

and 4). 

Source: 1) [5] See page 6, [6] (SMR incl. 20 EUR per tonne CO2 for transport and storage), and [7] See page 11. // 

2) [8] See page 2. // 3) [9] See page 29. // 4) [10] See page 19-20. 

 

Thirdly, carbon-free ammonia, for both shipping and heavy industry, based on renew-

able electricity, is possible at a slightly higher CO2-tax towards 2050 (green ammo-

nia). Expected decreases in the cost of e-fuels, like ammonia production based on 

renewable electricity, will increase their competitiveness in shipping and heavy in-

dustry towards 2050. However, it is important to note here that there is large uncer-

tainty about the decrease in costs. In heavy industry, there are indications by ex-

perts that a CO2-tax between 50-75 EUR per tonne is required to close the gap by 

2050. Correspondingly for shipping, a CO2-tax between 60-125 EUR per tonne is re-

quired, see Figure 3 

Expert indications of required CO2-taxes to close the gap by sector, 2050 

. 

 

Figure 3 

Expert indications of required CO2-taxes to close the gap by sector, 2050 

EUR pr. Tonne CO2 

 

Note: CCS can be applied across sectors to all single point emitters meaning stationary processes that emit CO2. 

Estimates are for near coast storage of CO2.  

Source: 1) [4] See page 30. // 2) [11] See page 6. // 3) [8] See page 2. [10] See page 16. 
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https://www.globalccsinstitute.com/archive/hub/publications/201688/global-ccs-cost-updatev4.pdf
https://www.globalccsinstitute.com/wp-content/uploads/2021/04/CCS-Tech-and-Costs.pdf
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1.3 Current expensive technologies need policy support to mature 

A CO2-tax should work in tandem with other policy instrument to promote green solutions. A CO2-

tax is a useful instrument to support the deployment of a mature technology and can signal attrac-

tive future market conditions for currently maturing technologies. However, it does not provide suf-

ficient support to make high cost gap technologies competitive. E-fuel technology to produce green 

fuels (ammonia and methanol) for shipping is a high cost gap technology. 

 

Well-established innovation policy guidelines have a useful framework for thinking about advanc-

ing promising technologies all the way from the lab to industrial scale. These guidelines point to dif-

ferent policies that are efficient for technologies at different maturity levels, see Figure 4. 

 

Figure 4 

Policy support from R&D to mature technologies 

 

 

Source: [12] See page 44. 

 

Right now, we recommend that the focus should be to promote promising and proven technologies 

that need to be taken to an industrial scale, such as e-fuels, to mature them through continuity and 

stability with low-risk incentives. The aim should be to have industrial-scale technologies that can 

be rolled out from around 2030 if sufficiently supported by a more effective carbon pricing policy.  

 

Examples of instruments include blended finance where the government co-finances investments 

all the way from prototype to late-stage technologies. As a technology matures, the rate of govern-

ment financing lowers since the private sector increasingly accepts a larger share of the risk of tak-

ing the technology closer to the market. As a counterpart to the government financing, the public 

investor could reserve a right to a part of the revenues deriving from the exploitation of the technol-

ogies that will ultimately be successful in the marketplace. This could for example take the form of a 

co-ownership of intellectual property rights (IPR). 

Idea 
stage

Prototype and 
demonstration 

stage 
technologies

High cost gap 
technologies

Low cost gap 
technologies

Mature 
technologies

Continuity, R&D, create market 
atractiveness

Stability, low-risk incentives

Imposed market risk, 
guaranteed but declining 

minimum return

Technology neutral 
competition

Stimulate market pull

Taxes & cap-and-trade



 

8 

2 CURRENT FUEL PRICES AND FUTURE SCENARIOS  

An assessment of the competitiveness of e-fuels towards 2050 should rely on a comparison to cur-

rently used fossil-based fuels. As input for such an assessment, we will here provide current market 

prices and potential market prices toward 2050 of relevant fuels. In section 2.1, we provide the cur-

rent market prices of ten relevant fuels. In section 2.2, we provide scenarios for the prices of these 

fuels in 2030, 2040, and 2050. 

 

2.1 Current fuel prices 

In the following, we present current prices and related assumptions for ten fuels: 

• Oil 

• Heavy fuel oil (HFO) 

• Very low sulphur fuel oil (VLSFO) 

• Marine Gasoil (MGO) 

• Liquified Petroleum Gas (LPG) 

• Natural gas (in Europe, Asia, and the USA) 

• Liquified natural gas (LNG) 

• Ammonia 

• Methanol 

• Biomass 

 

We use a global price of oil but regional prices of natural gas and liquified natural gas (LNG). The 

price of oil only varies little across geographical locations while the price of natural gas varies by a 

factor of 2-3 across regions. This difference is mainly attributed to the larger costs of transporting 

natural gas and regulatory limitations on trade. For the price of LNG, we use the import price in Eu-

rope. For the prices of HFO, VLSFO, and MGO, we use the available bunkering prices from Rotter-

dam.4 Lastly, for the price of LPG, we use the CIF Amsterdam-Rotterdam-Antwerp global spot 

price.5 

 

We base the price of ammonia on the 2019 prices reported by the ammonia industry. While the 

price of ammonia has fluctuated a lot in the past, it seems to have become more stable in recent 

years.6 Further, there is little regional difference in the price of ammonia. As such, we use the 2019 

price reported by industry stakeholders as the global market price of ammonia.7 

 

We base the price of methanol on the average 2019 prices reported from the methanol industry. 

While the price of methanol has fluctuated a lot after the impact of Covid-19, it seems to have been 

stable before 2020. There seem to only be slight regional differences in the price of methanol. As 

such, we use the average 2019 price in the EU expected by industry stakeholders as the global mar-

ket price of ammonia.8 

 

 
4  [13] 
5  [24] 
6  [10] See page 19. 
7  [14] 
8  [15]  
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For the price of biomass, we have used the assumptions by the Danish Energy Agency.9 There is an 

agreement that biomass should be sustainably produced. However, there is no consensus on how it 

is defined. According to the background document describing the methodology used, sustainability 

criteria will have to be quite excessive to significantly impact biomass prices.10 This should be noted 

since we see it as unlikely that sustainability criteria would not impact biomass prices due to the po-

tentially increased cost of complying with a set of criteria. 

 

TABLE 1 

Current fuel prices  

EUR per MWh 

 2019 

Oil 32 

HFO 25 

VLSFO 37 

MGO 39 

LPG 29 

Natural gas – Europe 19 

Natural gas – Asia1 23 

Natural gas – USA 7 

LNG 15 

Ammonia 38 

Methanol 35 

Biomass (Wood pellets)2 21 
 

Note:  1) Natural gas price in Asia is based on prices in China. 2) Market price for biomass is the 2020 wood 

pellet price for imports to Denmark.  

Source:  Own calculations based on data from [10] See page 19., [13], [14] See page 61., [15], [18]. 

 

2.2 Future scenarios for fuel prices 

We focus on two scenarios for the future development of fuel prices: 

• Stated Policies Scenario 

• Sustainable Development Scenario 

 

Stated Policies Scenario provides a detailed sense of the direction in which today’s policy ambi-

tions would take the energy sector. It considers only specific policy initiatives that have already been 

announced.11 

 

Sustainable Development Scenario is a scenario, where politics are implemented to ensure a 

decarbonisation path that is in line with the Paris Agreement and that meets objectives related to 

universal energy access and cleaner air.12 

 

We base the development in fuel prices on these two scenarios from the International Energy 

Agency (IEA) and the current fuel prices presented in section 2.1. The scenarios show the potential 

development in oil and natural gas prices given the policy development going forward, see Table 2 

and Table 3.  

 
9  [16]  
10  For further elaboration on the methodological basis for the biomass prices and in relation to sustainability, see [17]. 
11  [19]  
12  [19]  

https://www.yara.com/siteassets/investors/057-reports-and-presentations/annual-reports/2020/yara-integrated-report-2020-web.pdf/
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In the Sustainable Development scenario, fuel prices decrease compared to the Stated Policies. This 

is driven mainly by decreases in demand for fossil fuels lowering the need for investments in pro-

duction on the more expensive part of the supply curve due to for example: 

• Policies promoting production and use of alternative fuels (e.g. hydrogen, biogas, bio-

methane and CCUS) across sectors 

• Phasing out of fossil fuel subsidies 

• Staggered introduction of CO2 prices (earlier and faster) 

 

However, the scenarios only provide fuel prices until 2040. We therefore use extrapolation based on 

the change from 2035 to 2040 to calculate the fuel price development for 2040-2050. 

 

VLSFO, HFO, MGO, and LPG are refined oil-based products and follow the oil price. Therefore, we 

have used the oil price scenarios for the development in prices of VLSFO, HFO, MGO, and LPG. 

 

For the scenarios of the ammonia and methanol prices, we use the development of natural gas 

prices in Europe. Currently, ammonia and methanol are mainly produced using natural gas. As 

such, we expect their prices to follow the development in natural gas prices. However, we adjust for 

the share of total production cost which is made up of the price on natural gas. We assume this 

share to be 85%.13 We use the natural gas price development in Europe since it lies between the nat-

ural gas price in the USA and Asia. 

 

TABLE 2 

Fuel price assumptions – Stated Policies Scenario  

EUR per MWh 

 2019 2030 2040 2050 

Oil 32 38 43 47 

HFO 25 31 34 38 

VLSFO 37 44 49 54 

MGO 39 47 53 58 

LPG 29 35 39 43 

Natural gas – Europe 19 21 23 26 

Natural gas – Asia 23 23 25 26 

Natural gas – USA 7 10 12 14 

LNG 15 17 19 21 

Ammonia 38 42 46 50 

Methanol 35 38 42 46 
 

Source:  Own calculations based on data from [10] See page 19., [13], [15], [16]. 

 

 
13  [20] See Figure 1, page 1209. 
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TABLE 3 

Fuel price assumptions – Sustainable Development Scenario 

EUR per MWh 

 2019 2030 2040 2050 

Oil 32 28 27 25 

HFO 25 23 21 20 

VLSFO 37 32 31 29 

MGO 39 35 33 31 

LPG 29 25 24 23 

Natural gas – Europe 19 14 14 14 

Natural gas – Asia 23 17 18 19 

Natural gas – USA 7 6 6 5 

LNG 15 11 11 11 

Ammonia 38 29 30 30 

Methanol 35 27 27 27 
 

Source:  Own calculations based on data from [10] See page 19., [13], [15], [16]. 

 

For biomass prices we rely on the scenario provided by the Danish Energy Agency. This covers two 

types of biomass, wood pellets and wood chips, see Table 4. 

 

TABLE 4 

Biomass price assumptions, 2020-2050 

EUR per MWh 

 2020 2030 2040 2050 

Wood pellets 21 23 24 25 

Wood chips 24 25 27 28 
 

Note:  Based on prices for imports of biomass to Denmark. 

Source:  Own calculation based on [17]. 
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3 LEARNING RATES OF RENEWABLE ENERGY 

TECHNOLOGIES  

Learning rates describe the reduction in costs of a technology as it matures. Learning rates of cur-

rently maturing technologies are difficult to determine. However, historical estimates based on 

technologies that have already matured might provide an insight into potential learning rates of 

currently maturing technologies. In this section, we will briefly present the idea of learning rates 

and some historical estimates of learning rates of recently matured renewable energy technologies.  

 

There are generally three explanations for cost reductions with increasing cumulative experience:  

1) Improvements or changes in the production process which include technical innovations, 

gains in worker productivity due to familiarity with process equipment, improvements in 

management, and scale of production.  

2) Changes in the product itself by innovating, re-designing, and standardising it. 

3) Changes in input prices for materials and labour. 

 

We only report the estimated learning rates and abstain from more detailed measures. Some studies 

attempt to split learning rates into two sub-categories. However, data requirements and limitations 

for estimating these learning rates make them less reliable. Estimates of the overall learning rates 

therefore seem more reliable. 

 

Further, no single estimate of the learning rate can be considered robust. Estimates of the learning 

rates from literature vary considerably and could be due to issues of data quality, differences in the 

regions studied, or the assumptions made. This highlights the caution that should be taken when 

considering the applicability of these estimates. 

 

A large span of learning rates is estimated in the literature, underlining difficulties in estimation. 

There is a considerable difference between the lowest and highest estimated learning rates in the 

literature. This underlines the difficulty of determining learning rates, even in historical data. As 

such, estimates of learning rates for solar PV span from 10-47%. Correspondingly, the span of esti-

mates for onshore wind is 4-32%, for offshore wind 5-19%, and for battery electric vehicles 9-32%, 

see Table 5.  

 

Table 5 

Learning rates of renewable energy technologies 

% decrease in cost from doubling production output 

 Technology Learning rates No. of studies 

Onshore Wind2 4-32% 91 

Offshore Wind2 5-19% 2 

Solar PV2 10-47% 13 

Battery electric vehicles3 9-32% 2 
 

 
Note:  Based on a literature review of learning rates estimated using different measures of the cost as well as 

the production output. 1) Three additional studies were reported but have been left out since they esti-

mate negative learning rates. While two of the studies were based on wind farms in Taiwan, the third 

study was based on land-based turbines in Germany. 

Source:  2) [21] see page 201. 3) [22] see page 1481, and [23] see pages 58-59.  
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Fundamentally, the decrease in costs going forward will largely be driven by technology support. 

Technology support can create a market and increase R&D for carbon-free solutions. It works by 

reducing the risk for companies to invest in technologies that require assets which are expensive 

and have a long lifetime. Investments from private capital will increase and essentially boost the 

learning rates of a technology through scaling and innovation which in turn reduces costs.  
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