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1 Glossary 

1.5°C The Paris Agreement aims to strengthen the global response to the threat of 
climate change by keeping the global temperature increase this century well 
below 2 degrees Celsius above pre-industrial levels and to pursue efforts to 
limit the temperature increase even further to 1.5 degrees Celsius. 

Battery electric 
truck (BET) 

A vehicle that runs 100% on electric power stored in battery packs charged 
from electricity instead of relying on internal combustion engines for 
propulsion.  

Biodiesel Biodiesel is a form of diesel fuel that can be manufactured from vegetable oils, 
animal fats, or recycled restaurant greases. 

Capital 
expenditures 
(capex) 

Costs associated with the acquisition and/or construction of a fixed asset. In 
the case of HDT, this refers to the purchase cost of the truck as well as the 
cost of the associated infrastructure. 

Carbon capture 
and storage 

CCS technologies reduce carbon dioxide (CO2e) emissions by capturing the 
CO2e generated by burning fossil fuels before it is released into the 
atmosphere. 

Compressed 
natural gas 
(CNG) 

CNG is produced by compressing natural gas to less than 1% of its volume at 
standard atmospheric pressure. 

Duty cycle  A duty cycle defines how much a vehicle is used. Typical duty cycle 
information includes data addressing hours/shifts per day, days per week or 
another measurement cycle, total miles per measurement cycle, typical 
(average) load profile, and/or peak load profile.  

Hydrogen 
Electric Truck 
(HET) 

An electric vehicle that uses a fuel cell to power its electric motor in 
conjunction with a battery. The fuel cells create the electricity to charge the 
battery and power the vehicle. In this report, it is assumed that all HETs run 
on green H2 and use fuel cells, not combustion. 

Greenhouse 
gas(es) (GHG) 

A greenhouse gas is a gas that absorbs and emits radiant energy within the 
thermal infrared range, causing the greenhouse effect. The main greenhouse 
gases include carbon dioxide, methane, nitrous oxide, and fluorinated gases. 

Heavy-duty 
truck(s),  

Trucks are divided into light-duty (LDT), medium-duty (MDT), and heavy-duty 
classifications depending on their gross vehicle weight rating (GVWR), i.e., 
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heavy-duty 
trucking (HDT) 

the weight of the vehicle plus the weight of the payload. Heavy-duty trucks 
have a GVWR of 15-tons or more in the US, and 16-tons or more in the EU. 

Hydrogen (H2) Used to power fuel cells, “green” H2 is produced using renewable zero-
emission sources.  

Internal 
combustion 
engine (ICE) 

An internal combustion engine is a heat engine in which the combustion of a 
fuel occurs with an oxidizer (usually air) in a combustion chamber. 

Level 2 EV 
charger 

A Level 2 charger delivers 3.3 to 19.2 kW of charge per hour. 

Level 3 EV 
charger (DC fast 
chargers) 

Level 3 chargers are the fastest EV charger type on the market and currently 
range from 50-350 kW. A new standard with power levels up to 1 MW, MCS, 
may be finalized in 2024. Level 3 chargers are becoming more widely 
available along highways as part of the local infrastructure. They also have in-
depot fleet applications. 

Liquefied natural 
gas (LNG) 

LNG is natural gas cooled to a liquid state, at about -260° Fahrenheit, for 
shipping and storage. 

Low-carbon 
technologies 

Technologies that emit low levels of CO2E emissions when compared with 
existing technologies for a given use.  

Nongovernment 
organization 
(NGO) 

An organization that is independent of any government. Typically non-profit 
entities, many are active in humanitarianism or the social sciences.  

Net-zero 
emissions 

Achieving a balance between the emissions added to the atmosphere and 
those removed from the atmosphere within a given system. This typically 
refers to the act of reducing greenhouse gas emissions and then addressing 
the remaining emissions that are difficult to eliminate through offsetting, 
carbon capture, or other methods. 

Operating 
expenditures 
(opex) 

Costs associated with day-to-day business operations. For HDT fleets this 
encompasses a wide range of costs, including fuel costs, maintenance costs, 
and insurance among others. 

Residual value The estimated value of a fixed asset at the end of its scheduled service life. 
Heavy-duty trucking fleets typically sell usable trucks into the used truck 
market. The more they receive for each truck, the lower the overall TCO risk.  
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Tonne-kilometre 
(tkm) 

A unit of measure of freight transport which represents the transport of one 
tonne of goods (including packaging and tare weights of intermodal transport 
units) over a distance of one kilometre. 

Total cost of 
ownership 
(TCO) 

The overall cost of a product or service throughout its lifecycle, including the 
direct and indirect costs of purchasing and operating the product or service 
throughout its lifecycle. 

Value chain The interrelated activities through which companies create value for their 
customers. 

Well-to-wheel 
(WtW) emissions 

The scope of emissions over the lifespan of a product, from raw materials to 
operation. 

Zero-emission 
truck (ZET) 

Zero-emission trucks have no tailpipe emissions compared to internal 
combustion engine trucks, through the applications of zero-emission 
technology. They include battery-electric trucks and H2 fuel cell trucks.  

Zero-emission 
vehicle (ZEV) 

Zero-emission vehicles produce or have the potential to produce zero tailpipe 
emissions or pollutants. They include battery electric vehicles, plug-in hybrid 
electric vehicles, and H2 fuel cell vehicles. 
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2 Abbreviations 
Numbers & currencies: 

Thousands: k 

Millions: mn 

Billions: bn 

Trillions: tn 

US dollars: USD 

Other common abbreviations: 

Electric vehicle: EV 

Europe: EU 

International Council on Clean 
Transportation: ICCT 

International Energy Agency: IEA 

Mission Possible Partnership: MPP 

United States: US 

  Credit: Schaller LLC 
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3 Non-modelled Market Factors 
The MPP model is a simplified representation of behaviour in the HDT sector. Additional 
factors may explain diverging observations in the actual evolution of the HDT sector. The 
MPP model assumes rational decision-makers with no interactions with each other that 
influence the truck purchase decisions. The model calculates TCO, and then purchase 
decisions are made with TCO minimization in mind. However, TCO considers future costs 
and factors that have still not materialized, and uncertainty exists about what those could be. 
Divergences in the following factors would result in large differences between the model 
outputs and actual observations: 

• Lifetime and residual value of ZE trucks: The first generation of ZE trucks still 
have not reached the end of their useful lives and therefore the expected lifetime and 
residual value for BETs and HETs is unknown. The MPP model assumes a 
comparable lifetime versus ICE trucks and does not consider residual value for any 
kind of truck. Therefore, the higher the differences between actual lifetimes and 
residual values of ZE trucks versus their ICE equivalents, the more differences could 
emerge in actual outcomes. Longer lifespans and higher residual values would drive 
increased uptake of ZE trucks. Subsequently, the model does not consider second 
hand truck markets, only new purchases.  

• TCO considerations, mostly around fuel price development: Although diesel, 
biodiesel, and electricity prices have been considered as mostly fixed in the model, 
fluctuations in the price of fuels (especially diesel and biodiesel) could heavily 
influence the TCO parity point. While the price of the fuel is a given, governments 
can choose what taxes on fuel and subsidies production to put in place for both ZE 
fuels and non-ZE fuels, which can significantly affect TCO parity. 

Additionally, other factors are likely to influence the outlook by indirectly affecting the 
estimated TCO and/or constraining the fleet owners in their decision-making. These factors 
have been included in the model in different ways (e.g., the introduction of willingness to pay 
a green premium through a logistic function), but not explicitly modelled, which could lead to 
discrepancies if any of them were more relevant than initially assumed: 

• Green premiums: Currently, the model assumes that TCO minimization drives the 
choice of given powertrain technology and does not consider the existence of green 
premiums. However, the willingness of customers or the government to pay for green 
premiums for the transport of goods with BETs or HETs would accelerate the uptake 
of ZE trucks. The implementation of decarbonization targets by businesses and 
increasing emissions policies and regulations could lead to a higher willingness 
among fleet owners to pay such green premiums to reach their emission reduction 
goals. 

• Ability to implement coordinated policy and environmental regulations: The 
implementation of policies across key markets could significantly increase the 
adoption of ZE trucks, especially in the early years. For instance, the distribution of 
subsidies for these technologies, the development of new carbon pricing schemes, or 
the reduction in fossil fuel subsidies could accelerate BET adoption. The 
collaboration of policymakers at both the national and international risk points is a 
key factor in enabling net-zero outcomes. 
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• Operational considerations and reluctance associated with ownership risk: 
There is still some uncertainty regarding how vehicles are going to be 
operationalized; how they are going to be charged or operated. It is therefore likely 
that fleet owners will be reluctant to adopt new technologies until they are proven. 
Smaller fleet owners can be especially reluctant to change to ZE trucks due to 
uncertainties linked to ZE truck ownership, such as the vehicle’s lifespan, its residual 
value, and other uncertainties. Successful pilots and demonstrations will thus be key 
in dissipating questions around these new technologies. 

• Pace of infrastructure development and grid preparedness: The speed of 
infrastructure ramp-up will likely differ across regions. For example, in Norway and 
some Chinese urban areas, policy efforts now support ZE truck infrastructure ramp 
up. Conversely, in the case of developing economies the current electricity grid is ill-
equipped to supply electricity for BET at scale. The development of the energy 
infrastructure in parallel with the charging infrastructure will be the key to making 
BETs a feasible option in the short term. 

• Markets and technology development: In the MPP model prices change linearly, a 
simplification of market dynamics, where prices often fluctuate. Furthermore, the 
model does not take other environmental impacts outside GHGs into account. 
Finally, it does not include possible technology changes that may affect the sector 
going forward, such as self-driving trucks. Any of these effects could alter the 
behaviour of fleet owners. 

• Supply chain constraints and product availability. Truck OEMs and their value 
chains need time to ramp up production to ensure supply. Potential ZE truck buyers 
should therefore look for ways to send clear demand signals to make sure OEMs 
ramp up production early on. This may include forming alliances or coalitions to pool 
demand and commit to buying given ZE truck volumes.  

 

 

 

 

 

 

 

 

 

 

Credit: Schaller LLC 
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4 TCO assumptions  
As of 2020, the TCO for ZE trucks was higher than for diesel trucks for all use cases 
modelled in this effort – BETs had an 40-120% higher TCO/km than diesel trucks depending 
on the region and duty cycle), whereas HETs were 110-270% more expensive. However, as 
technology develops and infrastructure is built, the TCO of ZE trucks will decrease and 
eventually reach parity with diesel trucks. This TCO parity for BETs and HETs will largely 
determine the adoption rate of ZE trucks and the powertrain mix.  

Exhibit 4.1 shows an example of how the different components affect TCO for each 
technology and duty cycle. Clarification on each of these terms and their sources can be 
found elsewhere in this section. Purchase cost, fuel cost, and, for BET/HET, infrastructure 
cost, emerge as the three main drivers for TCO. TCO parity with diesel is achieved by a 
simultaneous and steady decrease in these three costs for BETs and HETs. 

Exhibit 4.1: Assumed TCO by component in the Accelerated Zero-Emissions scenario for Europe.  

 
Note: ‘Other costs’ includes maintenance, insurance, taxes and fees.  

Reducing TCO for ZE trucks requires focus on several key levers.  

A truck’s capital costs make up 50% to 60% of its total TCO on average and is defined by 
the purchase price and the infrastructure cost. When compared to diesel trucks, BETs have 
high capital costs (related to purchase price and infrastructure), which are expected to 
decrease rapidly in the coming years. This is because the battery is the main driver of BET 
powertrain costs, which are affected by the energy density and size of the battery and its 
expected lifetime. As battery technology rapidly improves, the cost will decrease. BETs are 
also expected to have higher infrastructure costs in the long run since most trucks will be 
charged on non-public infrastructure, which results in lower scale effects and additional costs 
for the fleet operator to bear. 

HETs start at a higher TCO than BETs mostly due to differences in the purchase price. HET 
have high associated capital and operating costs than BET, both of which decline more 
slowly due to the earlier stage of the technology. The main drivers of HET capital costs 
involve the development and maintenance of fuel cell technology and infrastructure in the 
case of long-haul trucks. Infrastructure costs will decline quickly as HET vehicles will be 
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refuelled in public refuelling stations, without individual fleet owners having to invest in 
charging stations. 

Energy cost is another key driver of ZE truck TCO, typically representing 15% to 30% of the 
total TCO, though this can reach as low as 5% for BETs in certain duty cycles by 2050. The 
price level and supply of electricity and H2 will be critical for ZE truck adoption. In the long-
term, the gaps between diesel prices and electricity and H2 prices will likely decline. This will 
be driven by electricity grid upgrades and the development of the H2 value chain, which will 
increase ZE truck uptake and reduce the high initial costs and mark-ups per truck. A positive 
feedback loop is then initiated, where higher numbers of ZE trucks increase utilization and 
cause fuel costs to decrease further.  

Additionally, in the Accelerated Zero Emissions Scenario, a tax is set on each ton of carbon 
dioxide emitted. Therefore, vehicles that emit CO2e (ICE trucks, as well as BET trucks 
charged on grids with a share of fossil fuel-based electricity production) will see their TCO 
increase. This is not the case in the Zero Emissions Scenario. 

Exhibit 4.2 below shows some of the assumed TCO components for ICE trucks in 2030 
(using Europe as an example), and their corresponding equivalents for BETs and HETs in 
2020, as well as the cost reduction needed to achieve TCO parity by 2030. Reducing the 
purchase price, fuel price, and infrastructure costs should be the focus of many of the 
actions and policies, as those components drive TCO most significantly. The important 
metric is overall TCO, so not all components need to reach parity – as long as some BET 
TCO components are cheaper than their diesel counterparties, they can make up for those 
that are more expensive (e.g. fuel cost savings can offset purchase price) or those that 
cannot reach parity as there is no equivalent cost for diesel ICE trucks (e.g., infrastructure 
costs).  

Our current analysis indicates that these needed cost reductions will be exceeded for urban 
and regional BETs, with both reaching parity before 2030 in Europe, with long-haul following 
shortly after in the early 2030s. However, HETs are unlikely to reach parity before 2040.  

Exhibit 4.2: Component TCO and cost reduction needed for ZE trucks to reach parity with ICE trucks by 2030.  

 
Note: other costs include maintenance, insurance, battery replacements and registration fees.  
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5 Modelling Approach 

5.1 Architecture overview 

The model used in this analysis is 
the Transport Sector Transition 
Sector Model (TR-STSM), referred 
to as the MPP model. It calculates 
pathways to net-zero emissions by 
2050 for the HDT fleet sector. At 
each major investment decision, 
the fleet-owner is assumed to 
choose the trucking alternative of 
BET, HET, biodiesel, and diesel 
with the lowest TCO.  

The simplified modelling 
architecture is detailed in Exhibit 
5.1. The full model will be 
published after the summer. 

 

Exhibit 5.1: MPP Model architecture overview 

 

 

5.2 Duty cycle assumptions per region 

The model forecasts the sales and fleet population of HDT divided into three distinct 
segments – long-haul, regional and urban, with the characteristics defined below (see exhibit 
5.2). 

Credit: Schaller LLC 
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Exhibit 5.2: Definition of duty cycles and underlying assumptions.  

 
Note: Annual mileage of trucks decreases each year by several percent depending on duty cycle to represent 
truck degradation, daily mileage shown is average for first year. 
 

The HDT demand forecast for each region is based on the projected GDP, the projected 
freight intensity of the GDP, the projected trucking share of freight (mode share), and the 
projected HDT share of total trucking. The model further segments HDT demand into long 
haul, regional, and urban duty cycles with the characteristics described above. 

This approach differs from other published forecasts in three ways: 

1. The scope is the heavy-duty trucking segment only, which is the hardest-to-abate 
segment and drives a significant portion of emissions compared with the medium- 
and light-duty segments. In comparison, the ICCT and McKinsey Center for Future 
Mobility (MCFM) models include both MDT and HDT, while the IEA forecast includes 
LDT, MDT, and HDT. Further segmentations behind these forecasts are not publicly 
available. 

2. The use of government-reported freight transport statistics as the baseline for 
the forecast. In comparison, forecasts such as IEA develop their bottom-up baseline 
to avoid reliance on government-reported data.  

3. Forecasting based on tonne-kilometres of freight, and then translating it to 
vehicle-kilometres travelled and estimated vehicle population requirements. In 
comparison, forecasts such as MCFM and ICCT use sales data and fleet aging 
assumptions to develop a vehicle population forecast and then translate those into 
transport demand based on utilization assumptions. 

The forecasts for India and Europe align relatively well with other models. The US demand 
forecast is significantly lower than ICCT and IEA comparisons, likely due to a combination of 
scope (given the larger MDT segment in the US) and utilization assumptions when 
translating from vehicle population to tkms. The China demand forecast is higher than ICCT 
and IEA comparisons, likely due to the use of government statistics which can show higher 
freight volumes than IEA’s bottom-up baseline but are the basis for any government or 
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industry engagement in China. Comparisons of vehicle population forecasts show general 
alignment on US and Europe demand trajectories, variations in China’s anticipated demand 
trajectory (likely driven by differing logic on when and how freight intensity will decline), and 
alignment with the ICCT model but not others on India’s demand trajectory.  

5.3 Capital costs 

Truck purchase prices are higher in the initial 
years and are assumed to decrease over time. 
The total capital cost per truck will be reduced 
by half for BET in 2050 versus 2020 levels, 
whereas HET will see their capital costs 
become one-third to one-fourth of 2020 levels 
by 2050 (Exhibit 5.3). Charging and refuelling 
infrastructure costs per truck should also 
decrease with time as the ZE truck fleet 
population and hence utilization of the 
infrastructure increase. Additionally, fleet-
owners are assumed to indirectly pay for the 
infrastructure cost as mark-ups on fuel price 
and other charges, and no lags or long-term 
planning regarding the build-out of ZE truck 
infrastructure are assumed. Instead, 
infrastructure build-up will follow the fleet 
population development of ZE trucks.  

 

Exhibit 5.3: Capital costs trends and underlying drivers 

 

Credit: Schaller LLC 
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5.4 Energy price and emission factor forecast 

In the MPP model, supplies of green H2 are not constrained and are assumed to stand for 
100% of the H2 supply. Electricity for BET is expected to be sourced from the grid with 
projections of 2050 grid decarbonisation based on IEA and EU studies. i 

Exhibit 5.4 presents the detailed assumptions on energy prices.1 The model assumes the 
cost of zero-emission energy sources will decrease over time – green H2 prices will see a 
two-to-three-fold decrease, and electricity prices will see varying trends by region (e.g., a 
slight increase in Europe, stable in the US, and slight decreases in China and India). Diesel 
prices at about USD 1 per litre are assumed to remain stable due to significant uncertainties 
in future price developments thereafter. Biodiesel allocated to the HDT sector is constrained 
to a given % of the total energy consumption, which varies over time (peaking in the late 
2020s / early 2030s and decreasing thereafter), while diesel is not constrained.2 

Exhibit 5.4: Evolution of energy prices considered in the model.  

 
Note: commercial price shown for electricity, as used for public chargers. Depot chargers can reach lower 
industrial prices following the same trend. 

Further information on fuel assumptions can be found in the cross-sector inputs section. 

5.5 Emissions  

We assume that WtW emissions of HETs are zero and that the H2 used is 100% green. We 
assume that BET’s electrical power is provided by the grid, with emission factors which trend 
towards zero by 2050 as the grid decarbonises. The emission factors for diesel, biodiesel, 

                                                            
1 It should be noted that the price for H2 is not an input of the model, but rather an intermediate output. 

Other fuel costs have been assumed based on existing projections and scientific literature 

2 Biofuel consumption limits to roughly 0.2 EJ in 2030, 0.1 EJ in 2040, and 0 in 2050  
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and H2 are assumed to remain constant over time, whereas the emissions factor for 
electricity decreases due to progressive grid decarbonization (Exhibit 5.5.1).  

 

Exhibit 5.5.1: Emission factor data for the four types of fuel considered 

 

  

Exhibit 5.5.2 shows the considered scope for WtW emissions when defining the emissions 
factors. 

Exhibit 5.5.2: Scope of Well to Wheel emissions 
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5.6 Production capacity and other constraints 

The model includes a cap on the production capacity of BET due to constraints in the ramp-
up of production. This equates to an approximate growth rate restriction in sales of 8% per 
annum. This restriction does not affect all scenarios and regions, as resulting unadjusted 
fleet numbers are often lower than the production limits. 

5.7 TCO breakdown 

The TCO covers the full cost associated with putting a truck on the road and the net present 
value (NPV) of ongoing changes discounted over the truck’s lifetime using a 5% real 
discount rate. It is the key decision parameter used in this model. Exhibit 5.7 presents a 
description of the main TCO components and their sources. 

Exhibit 5.7: Breakdown of TCO into categories, with brief description and source of 
data 
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5.8 Decision function 

The decision function is based on the need to reduce TCO as much as possible. The model 
carries out a bottom-up simulation of the HDT purchase decision-making process. Fleet 
owners in each investment decision can choose among the three different powertrain 
technologies (ICE, BET, and HET). BET and HET are together defined as ZE trucks, 
whereas ICE trucks are defined as non-ZE trucks, regardless of whether they run on diesel, 
biodiesel, or a mix. The decision model runs in two steps: 

• First, the fleet owners choose between ZE or non-ZE trucks 

• Second: If the fleet owner has chosen a ZE truck, they then choose between BET 
and HET 

If they choose a non-ZE truck, the model allocates them either an ICE truck that fully runs on 
diesel or an ICE truck that fully runs on biodiesel. The proportion of biodiesel trucks is 
representative of the blending rate expected. 

Additionally, the model is calibrated using logistic functions (S-curves) to simulate a more 
realistic uptake. In the real world, fleets will not have perfect information or make decisions 
based on factors other than TCO. This may lead some fleet owners to choose to switch to 
ZE vehicles before TCO parity is reached, whereas some owners may take longer to switch. 
The S-curve approach modulates the results that are obtained if a Pure TCO Minimization 
principle is applied and reflects a more realistic growth curve. The logistic function is set up 

Credit: Schaller LLC 
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so that long-haul vehicles take longer to fully transition to the lowest TCO vehicle and will 
often retain a share of the higher cost ZET to reflect difficulties in decarbonising longer range 
routes. 

5.9 Policy incentives 

It is unlikely that zero-emissions will be reached in a scenario of pure TCO minimization. To 
ensure that zero-emissions can be achieved, governments will have to introduce new 
policies and/or regulation to reduce their countries’ and/or regions’ emissions. This will give 
fleet owners additional incentives to switch to ZE trucks and lead to a decline in emissions 
versus a Pure TCO Minimization scenario. 

This model analyses two different policy incentives: a carbon cost (introduced by 
governments as a tax on carbon), effective from 2022, as well as a ZET sales mandate 
which would be made effective between 2035-40 across all key markets. These scenarios 
are presented in more detail in Exhibit 5.9.  

It should be noted that these are only two of the potential options available to governments, 
and that actual policy responses are likely to be more complex, nuanced and result from a 
combination of different measures. However, these incentives are presented to illustrate 
what types of policy could lead to net zero.  

Exhibit 5.9: Policy scenarios considered in the MPP model 

 

5.10 Infrastructure utilisation and charging 

The locations in which a vehicle is assumed to charge varies by duty cycle. 

• Urban trucks always charge in the depot, mostly overnight. 

• Regional trucks charge in the depot daily and top up every other day with 45 minutes 
of public charging. 

• Long-haul trucks charge publicly twice daily for 45 minutes a time, and charge in the 
depot once every 5 days. 
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Infrastructure utilisation determines the share of infrastructure costs allocated to each truck. 
For BETs depot charging utilisation is always assumed to be 33%, to reflect overnight 
charging. Public charging, and hydrogen refuelling stations, start at a utilisation of 10%, and 
increase to a utilisation of 35% once sales of a given powertrain exceed 50% of all sales. 
Europe can reach a higher maximum utilisation of 40% to reflect higher route density. 

6 Additional modelling outputs 
The below exhibits show more granular versions of the key scenario outputs presented in 
the report, separating all sales by duty cycle and region. Narrative in the report 
predominantly focussed on long-haul trucks due to their high share of total tonne-kilometre 
demand, their slower speed at transitioning to ZETs, and the mixture of different solutions by 
region. Across all regions the picture for urban and regional ZETs is relatively more uniform. 
Trucks in these duty cycles can decarbonise relatively fast, reaching over 70% BET sales by 
2030 across all scenarios for Europe and the US, with China reaching that level in the 
Accelerated BET and Carbon Cost scenarios and around 50% BET in the other scenarios. 
India follows on 55-60% BET in the Accelerated BET and Carbon Cost scenarios and 37% 
otherwise. Outside of the accelerated HET scenario, the role of HETs in these duty cycles is 
limited to around 10-30% of regional sales in India and China, where hydrogen prices are 
projected to be more favourable. In the accelerated HET scenario this figure rises to around 
30-80%. 

Exhibit 6.1: Sales shares from the Accelerated Zero-Emissions Carbon Cost scenario by duty cycle and region. 
See exhibits 3.5 and 3.6 in the main report for analysis of more aggregated sales trends. 

Credit: Schaller LLC 
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Exhibit 6.2: Sales shares from the Zero Emissions ZET mandate scenario by duty cycle and region. See exhibits 
3.7 and 3.8 in the main report for analysis of more aggregated sales trends. 

 

 

 

 

 

 

 

 

 
Credit: Schaller LLC 

 

Credit: Schaller LLC 
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Figure 6.3: Sales shares from the Rapid Technology Improvement - Accelerated BET scenario by duty cycle and 
region. See exhibit 3.4 in main report for analysis of aggregated sales shares. 

 
Figure 6.4: Sales shares from the Rapid Technology Improvement - Accelerated HET scenario by duty cycle and 
region. See exhibit 3.4 in main report for analysis of aggregated sales shares. 

 

 

7 Cross Sector Inputs 
To ensure consistency between all the MPP sector transition strategies, 
a cross sector approach has been taken to modelling fuel prices.  

7.1 Fossil Fuel Prices 

What fossil fuel prices are covered? 

• The fossil fuel price projections are included commodities from 2020-2050 
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• Price projections are made for two scenarios: BAU and Decarbonized 
• Commodities included are 

o Natural gas 
o Thermal coal 
o Crude Oil 
o Diesel, jet fuel and shipping fossil fuels 

How are prices projected? 

• Fossil fuel pricing is based on available open sources 
• The starting point for projections are 2020 fossil fuel prices across available regions 
• Natural Gas (USD/Mmbtu) and Coal (USD/t) takes average spot market indices 

across Japan, Europe and USii  
• Crude Oil (USD/barrel) is a global price series and averages four available spot 

market indicesiii 
• Jet fuel prices for 2020 is a global price seriesiv while diesel prices are by key regions 

modelled in the trucking roadmap; China, US, India and Europev 
• The trajectory of prices to 2050 are based on the IEA's WEOvi 
• For BAU, the IEA's projections for natural gas, oil and coal in their Stated Policies 

Scenario is used. The Decarbonized scenario is based on the IEA's NZE scenario 
• The price trajectories take the 2020 starting points by commodity and region and 

apply the implied growth rate from the IEA trajectories 
• Prices for diesel and fuel are assumed to follow global crude oil trajectory3 
• Regions required without starting prices or IEA trajectories use the Global average of 

available regions 
• To account for near terms spikes in fossil fuel prices (oil, natural gas and coal) pricing 

for 2021 and 2022 is based on the World Bank’s Commodity Markets Outlookvii 
• The pricing for these commodities is assumed to peak in 2022, following the World 

Bank’s forecast for Coal, Crude Oil and Natural Gas across three regions. Following 
2022, the prices are assumed to decline back to original IEA trajectory in 2025. 

• Regions not covered by the World Bank’s forecasts are assumed to move at the 
same trajectory relative to 2020 as those available 

 

7.2 Hydrogen Pricing 

How are hydrogen prices projected? 

• A hydrogen pricing model was developed for regionally eight different production 
scenarios for 2020-2050 

• The model also calculates blue hydrogen over the same period as an additional 
production option 

• The model offers flexibility to choose storage, transport, margins and tax additions 
above the levelised cost of production for Hydrogen 

• Key outputs of the model include 
o Levelised cost of green hydrogen ($/kg of H2) 

                                                            
3 Diesel price at the pump in the trucking model have been kept flat at the three year average as of 2022, to 

reflect uncertainties in the price trajectory. 
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o Levelised cost of blue hydrogen ($/kg of H2) 
o Emissions intensity from hydrogen production from grid (kg CO2/kg H2) 

• These outputs are modelled deeply across four different key regions: US, EU, China 
and India 

• Other regions costs are proxied from these key regions 
 

Exhibit 7.2 
 

 

The model includes the following hydrogen production, distribution, and 
storage inputs: 

• Energy inputs are sourced from the MPP Power model (see Power Model 
documentation) 

• Natural gas prices for blue hydrogen are based on MPP fossil fuel prices (see Fossil 
fuel pricing documentation) 

• Future electrolyzer capex is calculated according to expected learning ratesviii and 
future GW capacity demandix 

• Current electrolyzer capex and Storage and transport costs are based on Energy 
Transitions Commission (2021)x 

• Levelized cost also relies on inputs of fixed opexxi estimations, stack lifetime, stack 
replacement cost and energy efficiencyxii and electrolysis capacity factorsxiii 

• Blue hydrogen costs are based on SMR production with CCSxiv  

Parameter choices for the trucking work 

• Production is assumed to be at utility plant scale, except for in the Accelerated HET 
scenario which also includes some onsite production at refuelling stations. 

• Energy is assumed to come entirely from dedicated renewables. 
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• Storage is in a mixture of salt caverns and pressurized containers in Europe, US and 
China, and just pressurized containers in Europe. 

• Transport of hydrogen to refuelling stations is done by trucking. 
• Price premiums are added to final calculated production costs to account for taxes 

and profit margins on price at the pump. 

7.3 Power Pricing 

How are power prices projected? 

• A model is built to project grid power prices and emissions factors based on grid mix 
projections from existing sources and, where available, technology cost projections 
from the same sources 

• Power prices are also projected for dedicated renewables (solar, wind, mix of solar 
and wind) and gas + ccs  

• All input assumptions are taken from open-source data 
• The grid mix input assumptions are taken from the results of other modelling effortsxv. 

Where possible, grid mix projections are taken from lowest cost decarbonization 
scenarios. 

• Key outputs include: 
o Grid prices ($/MWh) inclusive of transmission and distribution, taxes and 

storage costs 
o Power prices from captive power sources ($/MWh) 
o PPA prices ($/MWh) 
o Emission intensities (tCo2/MWh) 

• These outputs are modelled deeply across four different key regions: US, EU, China 
and India 

• Other regions costs are proxied from these key regions 
• The model provides these outputs across three cost scenarios (baseline, minimum 

and maximum) and two grid scenarios (BAU and decarbonized) 
 
Exhibit 7.3 
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Key principles in designing net-zero grid mixes 

• Grid mixes from all geographies are decarbonized in 2050 
o The use of oil and coal is phased out by 2050  
o All use of gas is coupled with CCU/S by 2050 
o All use of biomass is coupled with CCU/S by 2050, in order to achieve 

negative emissions through BECCS 
• Developed geographies reach net-zero earlier than emerging geographies 
• A share of dispatchable generation balances the high penetration of variable 

renewables: 
o Concomitant generation (baseload) includes: offshore wind, onshore wind, 

solar PV, geothermal, nuclear 
o Dispatchable generation includes fossil fuel generation (eventually only gas 

and coupled with CCS), power from battery storage, hydrogen in CCGTs 
o Biomass+CCS and hydro can be considered either as concomitant or 

dispatchable generation 

What key inputs are used? 

• Capex, opex, fuel costs, capacity factors and weighted average cost of capital are 
sourced for each technology to calculate levelized cost of energyxvi. Levelized costs 
of each technology are weighted by their share in the grid mix to estimate the 
wholesale price 

• Taxes and T&Dxvii are added to the wholesale prices and are region specific where 
possible 

• A requirement for flexibles of at least 25%xviii is used in the model. Where this level is 
not met, storage is used to meet the gap and costedxix into the grid prices 

• Emission intensity of the grid is calculated according to expected emissivity factors of 
each technology (kg/Co2 per MWh)xx 

Bioenergy allocation and pricing 

What is included in bioenergy allocation and pricing? 

• As volumes of sustainable biomass will potentially be constrained in the future, 
guidance on allocations across sectors was developed 

• A prioritisation and an allocation mechanism based on technology availability, 
willingness to pay and emissions abatement potential was used to give indicative 
biomass usage across sectors to 2050 

• Current biomass feedstock prices were collated per price of feedstock from various 
publicly available sources 

• Feedstock prices are projected to 2050 in 10-year increments 
• Biomass feedstock types included in the pricing and allocations are: 

o Food crops 
o Non-food crops 
o Woody biomass 
o Agricultural residues 
o Municipal waste 
o Macro Algae 

What are the key outputs? 
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• Sectoral allocation across two different supply scenarios (Prudent and Maximum 
Potential) (EJ) across the following sectors 

o Wood products 
o Pulp and paper 
o Plastics 
o Steel 
o Cement 
o Aluminium 
o Light duty transport 
o Heavy duty transport 
o Shipping 
o Aviation 
o Space and water heating 
o Power and biochar for agriculture 

• Biomass feedstock prices ($/GJ) across each type of feedstock, with three different 
trajectories; increasing, decreasing (with a 20% sensitivity range) and stable. These 
different trajectories were made due to the large uncertainty regarding biomass 
demand and supply 

Principles for allocating biomass across sectors 

• The prioritization framework for allocating biomass is based on assessing each 
sector across 3 key criteria: 

o Technology readiness level of bio-based technology versus that of the non-
bio alternative for decarbonization 

o Emissions abatement potential of switching from fossil incumbent to bio 
o Cost of bio-based technology versus that of the most cost-effective non-bio 

alternative for decarbonization 

What key inputs are used? 

• The two scenarios (Prudent and Maximum Potential) for sustainable biomass 
availability provide a range of between ~50-110 EJ equivalent primary feedstockxxi  

• Current prices by feedstock type and region are sourced from publicly available 
informationxxii and then projected forward to 2050 

• Where information is not available on prices for a region, they are proxied to an 
available region according to similar size of forest areaxxiii, population growthxxiv and 
the amount of solid municipal wastexxv 

• Technology readiness, costs and abatement factors are covered at a high level 
(global averages) and are drawn from MPP models where possible (e.g. power, steel 
and aviation models). Publicly available information is used for sectors and variables 
that have not been covered by MPP analysisxxvi 

 

i Grid mixes from literature are used as inputs to the final grid mixes developed by MPP. Base sources include 
Williams, J., Jones, R., Haley, B., Kwok, G., Hargreaves, J., Farbes, J. (2021) Carbon-neutral pathways for the 
United States IEA (2021) Electricity Information, European Commission (2021) EU Reference Scenario 2020 
European Commission (2021) Policy scenarios for delivering the European Green Deal 

 

                                                            

https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2020AV000284
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2020AV000284
https://www.iea.org/data-and-statistics/data-product/electricity-information#data-sets
https://energy.ec.europa.eu/data-and-analysis/energy-modelling/eu-reference-scenario-2020_en
https://energy.ec.europa.eu/data-and-analysis/energy-modelling/policy-scenarios-delivering-european-green-deal_en
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ii bp (2021) Statistical Review of World Energy 2021 70th edition 

iii bp (2021) Statistical Review of World Energy 2021 70th edition 

iv WEF and McKinsey (2020) Sustainable Aviation Fuels as a Pathway to Net-Zero aviation, Clean Skies for 
Tomorrow Initiative 

v Prices based on EIA (2021) Petroleum and Other liquids price series, ICCT (2021) Total Cost of ownership for 
heavy trucks in China: Battery-electric, fuel cell electric, and diesel trucks, and RMI national freight model 

vi IEA (2021) World Energy outlook 2021 

vii World Bank (2022) Commodity Markets Outlook 

viii Böhm, H., Zauner, A., Goers, S., Tichler, R., Pieter, K. (2018) Innovative large-scale energy storage 
technologies and Power-to-Gas concepts after optimization 

ix Energy Transitions Commissions (2021) Making the Hydrogen Economy Possible: Accelerating Clean 
Hydrogen in an Electrified Economy 

x x Energy Transitions Commissions (2021) Making the Hydrogen Economy Possible: Accelerating Clean 
Hydrogen in an Electrified Economy 

xi IEA (2019) The Future of Hydrogen  

xii IRENA (2020) Green Hydrogen cost reduction 

xiii Capacity factors based on RMI and the Green Hydrogen Catapult model 

xiv Capex based on BEIS(2021) Hydrogen Production Costs 2021, Opex based on IEA (2019) The Future of 
Hydrogen, Capacity factor based on Fasihi, M., Weiss, R., Savolainen, J., Breyer, C., (2020) Global potential of 
green ammonia based on hybrid PV-wind power plants 

xv Grid mixes from literature are used as inputs to the final grid mixes developed by MPP. Base sources include 
Williams, J., Jones, R., Haley, B., Kwok, G., Hargreaves, J., Farbes, J. (2021) Carbon-neutral pathways for the 
United States IEA (2021) Electricity Information, European Commission (2021) EU Reference Scenario 2020 
European Commission (2021) Policy scenarios for delivering the European Green Deal 

xvi Bloomberg New Energy Finance (2022) data,  Williams, J., Jones, R., Haley, B., Kwok, G., Hargreaves, J., 
Farbes, J. (2021) Carbon-neutral pathways for the United States, IEA (2021) Net Zero by 2050, JRC (2018) 
Cost development of low carbon energy technologies, IRENA (2020) Renewable Power Generation Costs in 
2019, IEA (2021) World Energy outlook 2021 

xvii EUROSTAT (2021) Electricity prices components for non-household consumers - annual data, Williams, J., 
Jones, R., Haley, B., Kwok, G., Hargreaves, J., Farbes, J. (2021) Carbon-neutral pathways for the United 
States, pers comm., 2022 RMI China for current T&D costs and taxes,  pers comm., 2022 TERI for current 
T&D costs India 

xviii ETC (2021) Making Clean Electrification Possible 

xix Battery costs based on NREL (National Renewable Energy Laboratory). 2021. 2021 Annual Technology 
Baseline. Golden, CO: National Renewable Energy Laboratory. Seasonal balancing costs for Hydrogen based 
on ETC (2021) Making Clean Electrification Possible 

 

https://www.bp.com/en/global/corporate/energy-economics/statistical-review-of-world-energy.html
https://www.bp.com/en/global/corporate/energy-economics/statistical-review-of-world-energy.html
https://www3.weforum.org/docs/WEF_Clean_Skies_Tomorrow_SAF_Analytics_2020.pdf
https://www.eia.gov/dnav/pet/hist/LeafHandler.ashx?n=PET&s=EMD_EPD2D_PTE_NUS_DPG&f=W
https://theicct.org/sites/default/files/publications/ze-hdvs-china-tco-EN-nov21.pdf
https://theicct.org/sites/default/files/publications/ze-hdvs-china-tco-EN-nov21.pdf
https://www.iea.org/reports/world-energy-outlook-2021
https://openknowledge.worldbank.org/bitstream/handle/10986/37223/CMO-April-2022.pdf
https://www.storeandgo.info/fileadmin/downloads/deliverables_2019/20190801-STOREandGO-D7.5-EIL-Report_on_experience_curves_and_economies_of_scale.pdf
https://www.storeandgo.info/fileadmin/downloads/deliverables_2019/20190801-STOREandGO-D7.5-EIL-Report_on_experience_curves_and_economies_of_scale.pdf
https://energy-transitions.org/wp-content/uploads/2021/04/ETC-Global-Hydrogen-Report.pdf
https://energy-transitions.org/wp-content/uploads/2021/04/ETC-Global-Hydrogen-Report.pdf
https://energy-transitions.org/wp-content/uploads/2021/04/ETC-Global-Hydrogen-Report.pdf
https://energy-transitions.org/wp-content/uploads/2021/04/ETC-Global-Hydrogen-Report.pdf
https://iea.blob.core.windows.net/assets/9e3a3493-b9a6-4b7d-b499-7ca48e357561/The_Future_of_Hydrogen.pdf
https://iea.blob.core.windows.net/assets/9e3a3493-b9a6-4b7d-b499-7ca48e357561/The_Future_of_Hydrogen.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1011506/Hydrogen_Production_Costs_2021.pdf
https://iea.blob.core.windows.net/assets/9e3a3493-b9a6-4b7d-b499-7ca48e357561/The_Future_of_Hydrogen.pdf
https://iea.blob.core.windows.net/assets/9e3a3493-b9a6-4b7d-b499-7ca48e357561/The_Future_of_Hydrogen.pdf
https://www.sciencedirect.com/science/article/pii/S0306261920315750
https://www.sciencedirect.com/science/article/pii/S0306261920315750
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2020AV000284
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2020AV000284
https://www.iea.org/data-and-statistics/data-product/electricity-information#data-sets
https://energy.ec.europa.eu/data-and-analysis/energy-modelling/eu-reference-scenario-2020_en
https://energy.ec.europa.eu/data-and-analysis/energy-modelling/policy-scenarios-delivering-european-green-deal_en
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2020AV000284
https://iea.blob.core.windows.net/assets/deebef5d-0c34-4539-9d0c-10b13d840027/NetZeroby2050-ARoadmapfortheGlobalEnergySector_CORR.pdf
https://www.irena.org/publications/2020/Jun/Renewable-Power-Costs-in-2019
https://www.irena.org/publications/2020/Jun/Renewable-Power-Costs-in-2019
https://www.iea.org/reports/world-energy-outlook-2021
https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=nrg_pc_205_c&lang=en
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2020AV000284
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2020AV000284
https://www.energy-transitions.org/wp-content/uploads/2021/04/ETC-Global-Power-Report-.pdf
https://data.openei.org/files/4129/2021-ATB-Data_Master_new.xlsm
https://data.openei.org/files/4129/2021-ATB-Data_Master_new.xlsm
https://www.energy-transitions.org/wp-content/uploads/2021/04/ETC-Global-Power-Report-.pdf
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xx EIA (2021) How much carbon dioxide is produced per kilowatthour of U.S. electricity generation?, NREL 

(2004) Biomass Power and Conventional Fossil Systems with and without CO2 Sequestration – Comparing 
the Energy Balance, Greenhouse Gas Emissions and Economics 

xxi ETC (2021) Bioresources within a Net-Zero Emissions Economy 

xxii World Bank (2021) Commodity Markets, Bioboost (2013), Biomass based energy intermediates boosting 
biofuel production, IRENA (2012) Biomass for power generation, Technology cost analysis, WEF and 
McKinsey (2020) Sustainable Aviation Fuels as a Pathway to Net-Zero aviation, Clean Skies for Tomorrow 
Initiative, Ren, L., Cafferty K., Mohammad, R., Jacobson, J., Xie, G., Ovard, L., Wright, C., (2015). Analyzing 
and comparing biomass feedstock supply systems in China 

xxiii FAOstat (2019) Land use. Forest land 2019. Data downloaded 09.03.2022 

xxiv United Nations, Department of Economic and Social Affairs, Population Division (2019). Probabilistic 
Population Projections Rev. 1 based on the World Population Prospects 2019 Rev.  

xxv World Bank (2019) What a Waste Global data set: Country level. Data downloaded 09.03.2022 

xxvi ETC (2021) Bioresources within a Net-Zero Emissions Economy, ETC(2022) Mind the Gap: How Carbon 
Dioxide Removals Must Complement Deep Decarbonisation to Keep 1.5°C Alive, WEF and McKinsey (2020) 
Sustainable Aviation Fuels as a Pathway to Net-Zero aviation, Clean Skies for Tomorrow Initiative, ETC 
(2021) Reaching climate objectives: the role of carbon dioxide removals,  

https://www.eia.gov/tools/faqs/faq.php?id=74&t=11#:%7E:text=In%202020%2C%20total%20U.S.%20electricity,CO2%20emissions%20per%20kWh.
https://www.nrel.gov/docs/fy04osti/32575.pdf
https://www.nrel.gov/docs/fy04osti/32575.pdf
https://www.energy-transitions.org/publications/bioresources-within-a-net-zero-emissions-economy/
https://www.worldbank.org/en/research/commodity-markets#3
https://www.bioboost.eu/uploads/files/bioboost_d1.1-syncom_feedstock_cost-vers_1.0-final.pdf
https://www.bioboost.eu/uploads/files/bioboost_d1.1-syncom_feedstock_cost-vers_1.0-final.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2012/RE_Technologies_Cost_Analysis-BIOMASS.pdf
https://www3.weforum.org/docs/WEF_Clean_Skies_Tomorrow_SAF_Analytics_2020.pdf
https://www.mdpi.com/1996-1073/8/6/5577
https://www.mdpi.com/1996-1073/8/6/5577
https://www.fao.org/faostat/en/#data/RL
http://population.un.org/wpp/
http://population.un.org/wpp/
https://datacatalog.worldbank.org/search/dataset/0039597
https://www.energy-transitions.org/publications/bioresources-within-a-net-zero-emissions-economy/
https://www.energy-transitions.org/wp-content/uploads/2022/04/Mind-the-Gap-How-Carbon-Dioxide-Removals-Must-Complement-Deep-Decarbonisation-to-Keep-1.5C-Alive-1.pdf
https://www.energy-transitions.org/wp-content/uploads/2022/04/Mind-the-Gap-How-Carbon-Dioxide-Removals-Must-Complement-Deep-Decarbonisation-to-Keep-1.5C-Alive-1.pdf
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https://www.energy-transitions.org/wp-content/uploads/2021/05/ETC-NegEmiss-White-paper-v4-Final.pdf
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