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EXECUTIVE SUMMARY
The transport sector accounted for nearly a quarter of 
global energy-related carbon dioxide emissions in 2011. 
With motorization expected to rapidly increase in the 
developing world, growing emissions from the transport 
sector could pose a serious challenge to global efforts to 
address climate change. In response, a variety of efforts 
and recommendations are either proposed or underway to 
reduce greenhouse gas emissions.

This paper examines seven global transport initiatives 
to reduce emissions. The initiatives are among fifteen 
presented as part of the Paris Process on Mobility and Cli-
mate and the Lima-Paris Action Agenda—both platforms 
for mobilizing non-state actors under the auspices of the 
UN Framework Convention on Climate Change. The ini-
tiatives include efforts in planning, non-motorized trans-
port, public transport, freight, aviation, fuel economy, 
intelligent transport systems, and electric vehicles. 

The paper assesses the seven initiatives using the “Global 
Calculator” — an open-source tool for exploring emissions 
reduction actions in energy, land, and food systems up 
to 2050 and the consequences of those actions through 
2100. Developed by the UK Department of Energy and 
Climate Change with input from academic and civil society 
partners (including the World Resources Institute), the 
calculator helps users understand the relative impact of 
actions in different sectors on reducing emissions. It also 
addresses some of the challenges of comparing actions 
and assumptions across different models and analyses.

http://www.wri.org/publication/transport-ghg-initiatives
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Initiatives were evaluated based on their individual impact 
and their combined impact. The research also uses the 
Global Calculator to consider untapped potential or missing 
initiatives. The analysis shows the impact of the transport 
initiatives on global emissions and costs, using common 
baselines and clear assumptions. Through its analysis, the 
paper encourages further discussion of the initiatives it 
considers. Are they feasible? Are their levels of ambition 
necessary? Are there significant gaps or overlaps? Are 
there synergies that can be leveraged? What cross-sectoral 
approaches or regional variations are needed? 

Findings
The results of the analysis are presented with respect to 
the International Energy Agency (IEA) 6 degree scenario 
(6DS) as mapped in the Global Calculator. The 6 degree 
scenario in the Global Calculator is an approximation of 
the 6 degree scenario in IEA’s Energy Technology Perspec-
tives and is an extension of current trends, representing 
a doubling of energy use, more than double total green-
house gas (GHG) emissions by 2050 (compared to 2009), 
and an average of at least 6 degrees Celsius temperature 
rise by 2100 (DECC 2015a).

The findings show that the initiatives are generally very 
ambitious and would lead to a 3.7 percent reduction in 
global energy-related emissions by 2050 through actions in 
the transport sector. The largest emissions reduction could 
come from mode-shifting initiatives, either to rail or public 
transport (up to a 2.42 percent reduction in emissions), 
but would also require a very high level of effort to achieve.  
Both have significant cost savings due to a reduction in the 
assumed number of vehicles purchased and infrastructure 
needs. The electric vehicle targets also are very ambitious 
and have large emissions reduction benefits. The light-duty 
vehicle fuel efficiency initiative has large emissions reduc-
tion potential (0.67 percent), and the airplane efficiency 
initiative has large emissions reduction potential (0.10 
percent) with respect to the size of the sector. 

Changes in demand, mode, and technology could further 
impact the results as the level of effort required for each 
initiative depends on the effort made in other areas. For 
example, if mode-shifting is successful, it makes it easier 
and less costly to achieve targets in vehicle efficiency or 
electrification of the fleet because it will reduce the total 
number of vehicles needed. Similarly for emissions reduc-
tion, the calculator shows that the carbon intensity of the 
grid, which impacts the emissions reduction potential 
from the initiatives related to electric vehicles, is highly 

dependent on total energy demand. Therefore, the lower 
the demand from all sectors, the lower the carbon inten-
sity of electricity used in electric vehicles.

The analysis also shows that while the initiatives cover 
many of the important areas for reducing emissions in 
the transport sector, targets are not set for all of the most 
important opportunities to reduce emissions in the trans-
port sector, such as reducing emissions from heavy-duty 
vehicles and reducing total travel demand. Understanding 
the collective emphasis of the initiatives, possible syner-
gies to leverage, and regionalization of targets can lead to 
a more cost-effective and achievable strategy for emissions 
reduction in transport. 

To improve the effectiveness of the initiatives, more clarity 
is needed regarding emissions-reduction targets for some 
initiatives, stronger linkages are needed among various 
efforts, complementary policies are needed to increase 
the effectiveness of initiatives, and wider geographical 
coverage is desirable. Generally, the transport initiatives 
are well-connected to cities and organizations globally. 
However, it will still be important to create the right link-
ages among different levels of government and the private 
sector, as well as to create access to finance and planning 
to make these initiatives a reality. 

1. INTRODUCTION
The transport sector is a major contributor to greenhouse 
gas (GHG) emissions, accounting for 23 percent of global 
energy-related carbon dioxide (CO2) emissions in 2011 
(Sims et al. 2014). In developed countries there have 
been trends toward reducing private motorized travel and 
improving vehicle efficiency (ITF 2012; GFEI 2016). In 
developing countries— where high-quality public and non-
motorized transport options remain limited—motorization 
is projected to increase rapidly (UN-Habitat 2013). Trans-
port emissions are projected to increase more rapidly 
than other sectors, by approximately 80 percent during 
the period from 2010 to 2050 (Sims et al. 2014). Further-
more, transport growth has historically been connected 
with economic growth (ITF 2012) and impacts everyone 
in their daily lives—making strategies to reduce transport 
emissions both important and challenging. 

Considerable research has been devoted to reducing emis-
sions in the transport sector. Nevertheless, evaluating the 
impact and feasibility of different mitigation actions across 
various models—or comparing assumptions from different 
analyses—remains difficult. To address this challenge, the 
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UK Department of Energy and Climate Change (now part of 
the Department of Business, Energy, and Industrial Strat-
egy) released the Global Calculator in 2015 to help users 
understand the relative climate impacts of different actions 
in different sectors, and how these actions are linked. The 
calculator is an engineering-based,1 open-source tool for 
exploring different emissions reduction actions in energy, 
land, and food systems up to 2050, and to see correspond-
ing consequences through 2100. It includes five sectors—
transport, buildings, manufacturing, land and bioenergy, 
and energy—and considers the interactions among them. 
Users control the calculator with around 40 “levers” that 
drive activity in the different sectors (DECC 2015b).  

In this paper, we use the Global Calculator to analyze a 
set of global transport initiatives. Our analysis illustrates 
how the calculator can be used to evaluate the impacts 
of various actions in the transport sector; lessons from 
this analysis can help inform the global LPAA initiatives 
process. The transport initiatives we consider were pre-
sented at the UN Climate Summit in 2014 and at the 21st 
Conference of the Parties (COP 21) to the United Nations 
Framework Convention on Climate Change (UNFCCC) 
as part of the Paris Process on Mobility and Climate and 
the Lima-Paris Action Agenda (LPAA) (see Box 1). The 
transport initiatives under the Lima-Paris Action Agenda 
and the Paris Process on Mobility and Climate include 

*The Low Carbon Rail Transport Challenge Action Plan was released by International Union of Railways (UIC) to increase rail modal share and reduce 
energy intensity and GHG emissions. 

* The International Association of Public Transport (UITP) Action Plan includes UITP’s target to double public transport mode share globally by 2025.

* The Urban Electric Mobility Initiative (UEMI) was released under the lead of UN-Habitat in 2014 with the target to achieve 30 percent of urban travel 
by electric vehicles by 2030. 

* The World Cycling Alliance (WCA) and the European Cyclists’ Federation (ECF), have a voluntary commitment to double the cycling mode share in 
Europe by 2020 and increase cycling worldwide.

*The C40 Clean Bus Declaration was established by the Low Emission Vehicles Network under C40, with the aim to reduce emissions and improve air 
quality in signatory C40 cities by incorporating low- and zero-emission buses in the fleets. 

ZEV Alliance (the International Zero-Emission Vehicle Alliance) is an international alliance that covers 13 countries and states (provinces) in Europe 
and North America, with the International Council on Clean Transportation as the secretariat. The alliance seeks to make all passenger vehicle sales in 
participating jurisdictions ZEVs as fast as possible, and no later than 2050.

*The ICAO/ATAG Aviation Action Plan aims at improving global aviation fuel efficiency with a target improvement rate, as well as stabilizing net carbon 
emissions.

*The Vehicle Fuel Efficiency Accelerator is a part of the UN SE4ALL platform, with the Global Fuel Economy Initiative’s (GFEI) targets to improve fuel 
efficiency of light-duty vehicles globally.

MobiliseYourCity is a global initiative supporting local governments in developing countries to improve or draft a Sustainable Urban Mobility Plan, with 
the aim to reduce by at least 50 percent urban transport-related emissions by 2050, under the support of a coalition of international organizations.

Intelligent Transportation Systems (ITS) for the Climate is led by ATEC ITS France to identify and share best practices for intelligent transportation 
systems to reduce emissions.

Taxis4SmartCities is an initiative composed of taxi companies in ten countries with an aim of transitioning fleet energy by 2020–30.

The Low Carbon Road and Road Transport Initiative (LC2RTI) is led by the World Road Association (PIARC). Its objective is to build strong and sus-
tainable adaptation policies for the road network, including sensitive engineering structures and infrastructure (bridges, rural roads, etc.).

The Navigating a Changing Climate Initiative is led by the World Association for Waterborne Transport Infrastructure (PIANC). Its goal is to have a bet-
ter waterborne transport sector regarding infrastructure, accessibility, mitigation and adaptation, and integrated sustainability solutions.

Airport Carbon Accreditation is led by ACI Europe with the objective to “reduce carbon emissions and achieve best practice in carbon management from 
operations fully within the control of the airports, with the ultimate target of becoming carbon neutral.”

The Global Green Freight Action Plan was released by the International Council on Clean Transportation, Smart Freight Centre, and Clean Air Asia, with 
a focus of reducing black carbon and particulate matter emissions from heavy-duty vehicles.

Table 1  |  PPMC transport initiatives

* Denotes initiatives tested in this paper

Source: ATAG 2013; ATEC-ITS France 2015; C40 2015; Climate Summit 2014a, 2014b, 2014c; CODATU 2015; ECF 2015; Global Green Freight 2015; GFEI 2016; PIANC 201; PPMC 2015b; 
Taxis4smartcities 2015; UITP 2015b; PIARC 2015; ZEV Alliance 2015.
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efforts in planning, non-motorized transport, public trans-
port, freight, aviation, fuel economy, intelligent transport 
systems, and electric vehicles. A short description of each 
initiative is shown in Table 1.

Although fifteen initiatives were presented, we consider 
only the seven with clear emissions reduction targets that 
could be mapped into the calculator for our analysis. We 
evaluated them by looking at (a) their individual impact, 
(b) their combined impact, and (c) untapped potential or 
missing initiatives. Our analysis shows the global emis-
sions and costs impact of the transport initiatives using 
common baselines and clear assumptions; it also gives 
a sense of the feasibility of the initiatives. We hope the 
analysis will spur discussion of the following questions: 
Are all of these initiatives feasible? Is the level of ambition 
among the initiatives necessary? Are there significant gaps 
or overlaps? Are there synergies to leverage? What cross-
sectoral approaches or regional variations are needed? 

In the following subsection, we describe emissions reduc-
tion potential in the transport sector. After that, we 
describe the Global Calculator and explain why it is a valu-
able tool for comparing initiatives. Next, we use the Global 
Calculator to analyze the initiatives and the untapped 
potential of the transport sector. Because we look at the 
global impact of actions, not only the transport-sector 
impact, the results help to contextualize the transport 
sector and the need for cross-sectoral actions. We con-

clude with a summary of emissions reductions actions for 
transport and recommendations for moving forward with 
the Lima-Paris Action Agenda global initiatives. 

1.1 Transport Sector Context 
Reducing transport emissions is essential if the world 
is to meet the goal introduced at COP 21 to “keep global 
temperature rise this century well below 2 degrees Celsius 
and to drive efforts to limit the temperature increase even 
further to 1.5 degrees Celsius above pre-industrial levels” 
(UNFCCC 2015a). There have been a variety of attempts 
to estimate and model emissions in the transport sector as 
part of the effort to identify actions to curb these emis-
sions. They generally include econometric modeling and 
accounting. Econometric modeling tends to be used at the 
national level and accounting at the sectoral level (Bhat-
tacharyya and Timilsina 2009). 

In all attempts to model the transport sector, base year esti-
mates vary as do projected emissions totals by 2050. The 
International Transport Energy Model Comparison Project 
shows the challenges in comparing results from different 
models (Fulton et al. 2014). Notable findings include large 
differences in historical data among models, particularly 
in developing countries in terms of passenger cars and 
2-3 wheelers (2-3W). The models use different estimation 
methodologies to determine total travel. For example, in 
China, the variation in vehicle-kilometers traveled is over 
50 percent among models. The models also use different 
accounting systems to determine GHG emissions. 

The wide variety of assumptions and focuses for the 
models can lead to a variety of recommended actions, 
making policy development and phasing difficult. Analysis 
using the International Council of Clean Transportation 
Global Transportation Roadmap model, released in 2012, 
shows that accelerated policy adoption on stringent fuel 
and vehicle standards can bring important emissions 
reductions (Chambliss et al. 2013). The Global High Shift 
Scenario—developed by the Institute for Transportation 
and Development Policy and UC Davis in 2014—shows 
that a large shift toward public transport can provide 
similar mobility needs in terms of passenger-kilometers 
traveled (PKT) compared to the IEA 4 degree scenario 
(4DS) baseline in 2050, and could reduce CO2 emis-
sions sharply in a less expensive and more equitable way 
(Replogle and Fulton 2014). Recently, a Global High Shift 
Cycling Scenario showed that a future with a dramatic 
increase in cycling could bring an 11 percent CO2 reduction 
compared to the previous High Shift scenario (ITDP and 

The Lima-Paris Action Agenda is “a joint undertaking of the 
Peruvian and French COP presidencies, the Office of the 
Secretary-General of the United Nations and the UNFCCC 
Secretariat” (LPAA 2015). The LPAA aims to accelerate 
action of state and non-state actors through climate change 
mitigation and adaptation initiatives (GGCA 2015), by 
mobilizing global action, providing a platform for visibility, 
and providing support to initiatives (LPAA 2015).

The Paris Process on Mobility and Climate is a platform 
for organizations and initiatives acting in the area of 
transport and climate. “The PPMC was created in early 
2015 to strengthen the voice of the sustainable transport 
community in the UNFCCC process, especially with a view 
to the Conference of Parties (COP21) in December 2015 in 
Paris” (PPMC 2015a).

Box 1  |   The Lima-Paris Action Agenda and the 
Paris Process on Mobility and Climate
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UC Davis 2015). According to the IEA (2015b), some of the 
key measures for emissions reduction lie in the transport 
sector, such as increasing energy efficiency in transport 
and increasing the share of alternative fuel vehicles on the 
road. Alternative fuels are a common recommendation; 
however, recent work shows that biofuels perhaps should 
not be considered carbon-neutral (Searchinger  
and Heimlich 2015).

Many processes and plans are in place to set and achieve 
emissions reduction goals at the local and national level. 
But it is not clear that all of these plans can reduce emis-
sions as much as necessary to reach the target of “well 
below” 2 degrees. For example, the Nationally Determined 
Contributions (NDCs) are country commitments for 
reducing emissions in all sectors, including transport. 
“Emission Reduction Potential in the Transport Sec-
tor by 2030,”released by the Paris Process on Mobility 
and Climate (2015), compares transport-related NDCs 
to the IEA 2 degree scenario (2DS), looking at possible 
mitigation magnitude by 2030. Among the 138 countries 
analyzed, only 10 percent of the NDCs proposed transport 
sector emissions reduction targets. The study also looked 
at low-carbon scenarios (average and aggressive) that are 
based on over 350 global and national mitigation potential 
studies. These show that emissions can be reduced by 
24 percent from the business-as-usual scenario, but that 
would still leave a 23 percent gap compared to the IEA 2 
degree scenario. The study concludes that current NDCs 
are not sufficient to achieve the IEA 2 degree scenario 
within the transport sector by 2030. Because of the lock-in 
effect of decisions regarding transport infrastructure and 
equipment that are made today, some solutions would 
need to be developed much more rapidly to reach the 2 
degree scenario by 2030, such as carbon capture and stor-
age, electric vehicles, advanced biofuels, and sustainable 
urban planning (IEA 2015b).

2. GLOBAL CALCULATOR BACKGROUND 
AND ANALYSIS METHODOLOGY
2.1 Global Calculator Background
The Global Calculator (globalcalculator.org) is an 
engineering-based scenario model that allows users to 
assess the GHG and cost impacts of the different transport 
initiatives, individually and collectively. Led by the UK 
Department of Energy and Climate Change, the calculator 
was developed with Climate-KIC, the World Resources 
Institute, Energy R&D International, EY India, Climact, 
the London School of Economics, Imperial College Lon-

don, the National Development and Reform Commission 
(China), and the Climate Media Factory. 

The calculator contains an extensive, referenced, and 
strictly peer-reviewed database that allows users to 
evaluate the level of ambition of various actions (DECC 
2015a). This was developed through a literature review of 
each sector to develop the base year and levels of ambi-
tion for each sector. The review process for the database 
and model included data review and input from the IEA, 
peer review and workshops on the levels of ambition with 
experts and stakeholders in each sector, a public opening 
of a draft version of the tool with a call for evidence, and a 
DECC review panel. Throughout this process, hundreds of 
experts were consulted for data validation and modeling.

The calculator was developed because while more com-
plex models exist, they often focus on one sector or have 
assumptions that are difficult to follow, making it hard for 
policymakers and the public to understand the meaning 
of their results. The calculator’s simplicity allows these 
audiences to engage in the debate more fully and helps 
users understand the relative impact of actions in differ-
ent sectors to reduce emissions. The calculator concept 
has been used to develop country calculators in addition 
to the Global Calculator. These calculators have been used 
by governments in a number of countries, including the 
United Kingdom and China, to test different policy options 
and to see their impact at a high level. It has also been 
used by Colombia, Vietnam, Nigeria, and India to develop 
Intended Nationally Determined Contributions (INDCs) 
for COP21 in Paris. 

The calculator is user-friendly and completely open source, 
which is useful for a high-level understanding of different 
emissions reduction actions. However, it does not allow for 
detailed or regionalized modeling. It also does not provide 
information about particulate matter and other co-benefits. 
A similar type of modeling exercise to look at co-benefits 
could be beneficial—particularly for developing countries, 
where co-benefits can be more important in decision mak-
ing than CO2 emissions reduction.

2.2 Model Structure
The model includes five basic sectors—transport, build-
ings, manufacturing, land and bioenergy, and energy—and 
considers the interactions among them (DECC 2015a). 
In each sector, different levers of action are mobilized to 
control emissions from now until 2050. For each lever, the 
user can choose different levels of effort or ambition: from 

http://globalcalculator.org
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level 1 (make minimal effort to tackle climate change) to 
level 4 (make an extraordinarily ambitious and extreme 
level of abatement effort). Levels 1 to 4 were developed 
based on a literature review that reflects different growth 
assumptions for each sector. Users can also change popu-
lation and urbanization levers, as well as the emissions 
trajectory post-2050. 

Every time the user changes a lever, there is a resulting 
impact on energy demand and supply, CO2 emissions, 
and the climate. Total energy demand is summed among 
sectors, and the model automatically matches global energy 
supply and demand at a yearly level, based on user choices. 
Energy from fossil fuels is automatically used to fill in any 
gaps between supply and demand based on user choices. 

Although the model contains information about the price 
of different energy sources and materials, it makes no 

assumptions about the way people’s behavior changes 
in relation to supply and demand, but there are levers of 
action for the key behavior changes that users can choose 
to mobilize. The model does not automatically optimize 
the energy system based on price or any other factor. 
However, the calculator estimates a cost based on physical 
units with respect to gross domestic product (GDP) for 
each tested scenario.

Modeling Energy Demand From the Transport Sector
The transport sector modeling approach was developed to 
capture the variation in possible futures for the transport 
sector in terms of travel, modes, and technologies. Figure 
1 shows the contribution of different vehicle categories 
toward total transport energy demand in 2015. The figure 
shows that light- and heavy-duty vehicles make up the 
largest portion of energy demand, while aviation and 

Figure 1  |  World transport energy use by mode

Source: IEA 2015a.
Notes: Light-duty vehicles are cars and light trucks (up to 3.5 tonnes); heavy-duty vehicles are trucks and buses. Aviation and shipping include international bunkers, i.e., fuels used 
for international aviation and navigation.
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shipping energy demand also is significant. Additionally, 
heavy-duty vehicle use and air travel are expected to grow 
rapidly, and two- and three-wheelers make up a small 
but quickly growing portion of energy use. The transport 
sector modeling approach includes all of the vehicle 
categories in Figure 1 and focuses on those that currently 
contribute the most to energy demand or emissions and 
the areas where emissions growth is expected to be very 
significant, such as light- and heavy-duty vehicles.

In the calculator, the total energy demand from the transport 
sector is based on user selections for the following levers: 

 ▪ passenger demand  ▪ freight demand  ▪ mode ▪ load factors and occupancy  ▪ car own or hire  ▪ electrification  ▪ transport efficiency

A range of projections, from level 1 to 4, were developed 
for each of the levers by using the categories of passen-
ger travel or freight travel. Passenger travel was further 
divided into urban, rural, and international travel catego-
ries. For urban travel, three categories of cities were devel-
oped to characterize travel growth projections through 
2050: automobile cities (representing urban areas in 
places like the United States), transit cities (representing 
urban areas in Europe and Latin America), and booming 
cities (representing urban areas in Asia and Africa). For 
rural and international travel, the categories of developed 
and developing countries were used to develop growth 
projections. Freight travel was divided into domestic 
and international freight. These categories were further 
divided into developed and developing countries to create 
travel growth projections through 2050. 

Similar to Schipper et al. (2009), total energy demand in 
the transport sector is calculated in a standard formula: 
activity (travel demand), * mode (passenger/freight), and 
* modal energy intensity.

However, in contrast to other models, total emissions 
are not calculated for each sector in the calculator. Total 
energy demand among all sectors is summed; total energy 
supplied is calculated based on total demand, and emis-
sions factors are applied to energy sources. 

Cost Savings or Increase
The cost of each pathway is an output of the model. 
As described by DECC (2015c), the costs shown in the 
model reflect the total energy system cost of the pathway 
selected. This includes the capital, operating, and fuel 
costs of the global energy system out to 2050. Some of the 
specific costs included are building and maintaining power 
stations, wind turbines, heat pumps, boilers, cars, trains, 
planes, roads, railways, clean technology used in manu-
facturing, and fuel prices. The opportunity cost of finance 
used to fund capital expenditure also is included. 

The cost estimates are all compared to the IEA 6 degree 
scenario, and shown as a percent of GDP calculated as: 
(average annual cost of the energy system in the user’s 
pathway over period 2011–2050 - average annual cost 
of the energy system in the counterfactual pathway over 
2011–2050) / average annual global GDP over the period 
2011–2050 x 100 percent.

In this paper, point estimates and high-low ranges are 
calculated for each pathway. The point estimate data is 
in most cases from the TIAM-UCL model (ERC 2011). 
This source is a well-respected, widely used variant of the 
TIMES model (IEA 2005) with cost data taken from pub-
lished, open sources. The ranges are based on published 
studies for what costs could be in 2050. Where high or low 
costs were not available, costs were inflated or deflated by 
20 percent. Costs change linearly between 2011 and 2050. 

For the transport sector, infrastructure investment costs 
are estimated per road kilometer traveled and per rail 
kilometer traveled and include parking. This approach 
could underestimate some of the infrastructure costs for 
public transport because it uses a value per road or rail 
kilometer and does not consider underground or above 
ground transit line costs. However, the total estimated 
vehicle kilometers traveled by cars is far larger than for 
public transport. The transport sector costs also include 
the number of vehicles and fuel consumption and have an 
impact on fuel production.

There are some key concepts and assumptions for inter-
preting the cost savings approach and results. First, costs 
in 2050 are extremely uncertain, particularly for fuels. The 
costs are based on US data, under the assumption that the 
uncertainty in future costs within one country, in this case 
the United States, is greater than the variation of costs 
between the United States and other regions at any point in 
time. Also, it is difficult to estimate the total energy system 
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Figure 2  |  Global Calculator levels 1 to 4

Source: DECC 2015b.
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cost without double counting. The costs of a car, counted in 
the transport costs, will include the cost of electricity used 
in the production of the car. The cost of the electricity is 
also counted in the power sector costs. The model’s costs do 
not try to avoid this double counting, as to do so would be 
highly complex. Therefore it presents an index of costs over 
time to show how the costs could change.

The Global Calculator is based on engineering relation-
ships rather than economic relationships. This means that 
the tool will cost whatever combination of technologies 
and actions the user specifies; it does not take into account 
price interactions between supply and demand to deter-
mine what actions take place. Also, costs are exogenous. 
For most technologies, costs decline over time as they 
follow a learning curve. In this model, while the cost of an 
electric vehicle changes over time, for any given year, the 
price is fixed regardless of whether there is a high or low 
deployment of electric vehicles in that year.

Some costs are not included, either due to time, uncer-
tainty, or the potential negligible nature of costs. It was 
not possible to estimate costs for insulation, transport 
efficiency, appliance efficiency, fossil fuel efficiency, and the 
greenhouse gas removal levers. Because this model looks 
at component costs, broader system costs, such as energy 
security impacts or costs resulting from damage due to 
climate change can be significant, but are also not included.

Feasibility
The feasibility of each initiative is discussed with respect to 
the levels of effort 1 to 4 in the Global Calculator (Figure 2). 
The levels are meant to represent a wide range of possibili-
ties within each of the levers of the transport sector. The 
review process for the levels of effort included the IEA, peer 
review and workshops with experts and stakeholders in 
each sector, and a public opening of a draft version of the 
tool with a call for evidence.

For reference, level 2 for the transport sector is based 
on these assumptions (the full list of assumptions for all 
levels is in Appendix 4):

1.  Passenger Demand: Some action is taken to curtail 
growth in passenger distance traveled. Cities with 
established development patterns, as well as growing 
cities, pursue initiatives to reduce the need for travel 
throughout the city.

2.  Freight Demand: Global freight continues to experi-
ence strong growth.

3.  Mode: Cities make an effort to shift trips to walking, 
cycling, and public transport instead of by car. Some 
effort is made in logistics and rail infrastructure.

4.  Occupancy: Car occupancy remains at 2011 levels, 
which is around the same as the occupancy seen in the 
United Kingdom today.
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5.  Car Ownership: The distance traveled per car is the 
same as today’s levels. Similar to today, car rental or 
sharing is a niche concept. The vast majority of cars 
remain privately owned and used.

6.  Vehicle Efficiency: Annual improvement roughly 
corresponds with improvements achieved over the last 
decades. For example, by 2050, the average urban pas-
senger car (with an internal combustion engine) will 
use 5.3 liters of fuel per 100km.

7.  Electrification of Vehicles: By 2050, there is an 
increased share of new technologies in the vehicle fleet. 
The percentage of hybrid and electric vehicles increases 
for passenger cars, buses and 2-3 wheelers.

2.3 Analysis Methodology
The analysis of initiatives was done by matching the user 
selection inputs in the Global Calculator to the targets and 
years they are meant to be achieved under the initiatives 
and comparing the emissions and cost outputs to the IEA 
6 degree scenario as mapped in the calculator (assump-
tions can be found in Appendix 2). Feasibility is described 
with respect to Levels 1 to 4 in the calculator as well as the 
6 degree scenario. 

For any initiatives that call for mode shifting, the assumed 
shift was from vehicles that use fossil fuels (or internal 
combustion engine vehicles) to other modes—public trans-
port, rail, or non-motorized transport. There are two ways 
to look at the mode share: percent of trips or percent of 
person-kilometers traveled. When using the latter, modes 
like walking and biking will result in a much smaller share 
than if comparing share of trips due to shorter distances 
traveled using these modes. This analysis considers mode 
share as a percentage of person-kilometers traveled to 
capture both mode and distance. 

The matching of inputs was done for individual levers and 
no additional changes or assumptions were made to other 
levers or sectors unless explicit. Specifically, no changes 
were made regarding types of fossil fuel and how it is 
distributed across energy demand from different sectors. 
The emissions reductions values represent the emissions 
changes from 2011 through 2050 in terms of total energy-
related emissions, not only the transport sector.

The 6 degree scenario developed by the IEA was mapped 
in the calculator using the levels of effort that most closely 
matched the assumptions for behavior and technology 
change through 2050. (Note: The IEA 6 degree and 4 

degree scenarios have similar behavioral assumptions 
(i.e., vehicle kilometers traveled) but different technol-
ogy assumptions. Therefore, if the 4DS was used as the 
baseline for this analysis, the results would be similar for 
behavior-related initiatives and different for technology 
initiatives). Because the 6 degree scenario makes assump-
tions about changes over time in different levers, it is 
important to keep in mind these baseline values related to 
each initiative in order to interpret the results.  

For certain very ambitious initiatives and to give addi-
tional context, we tested related scenarios beyond the 
initiative. This helped show the specific actions that could 
make a larger impact and whether meeting the full set 
of targets was necessary to make a large overall impact 
with that mode or lever. Many of the initiatives mention 
a variety of measures to reduce emissions, but we tested 
only the portions of the initiatives with clear targets. 

3. ANALYSIS OF INITIATIVES
The analysis using the Global Calculator looks at feasi-
bility, emissions impact, and cost impact of the various 
initiatives. The analysis looks at individual initiatives first, 
followed by the collective impact and untapped potential.

3.1 Analysis of Individual Initiatives
In this paper, we analyze seven initiatives, or portions 
of initiatives, with clear greenhouse gas (GHG) emission 
targets. This means the initiatives have targets associated 
with specific levers in the calculator, and the impact can 
be tested at the global level without making many new 
assumptions. The analyzed initiatives are the following:

 ▪ Low Carbon Rail Transport Challenge Action Plan  ▪ International Association of Public Transport  
Action Plan  ▪ Voluntary Commitment from the World Cycling Alli-
ance and European Cyclists’ Federation ▪ Urban Electric Mobility Initiative Action Plan ▪ C40 Clean Bus Declaration ▪ Vehicle Fuel Efficiency Accelerator ▪ Aviation Action Plan

For each initiative, we provide information on the targets 
as well as the background and trends related to that target. 
Where there are targets relating to multiple levers, we give 
background information on each of the different targets. This 
background information helps to contextualize the feasibility 
of the initiative and results of the analysis. For each initia-
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tive, we provide details on the assumptions changed in the 
calculator in order to analyze the impact, along with related 
scenarios to help demonstrate feasibility. Finally, we pres-
ent cost and emissions results along with graphics showing 
energy demand and emissions change over time. We discuss 
the results along with complementary measures. 

Initiative  |  Low Carbon Rail Transport Challenge  
Action Plan
The targets for this initiative were developed with model-
ing support from the IEA and approved by the Interna-
tional Union of Railways (UIC) General Assembly on June 
27, 2014. Among the initiatives, it has some of the most 
clear and detailed targets.

Reduction in specific final energy consumption 
from train operations: ▪ 50 percent reduction by 2030 (per passenger-

km or ton-km relative to a 1990 baseline) ▪ 60 percent reduction by 2050 (per passenger-
km or ton-km relative to a 1990 baseline)

Reduction in specific average CO2 emissions from 
train operations: ▪ 50 percent reduction by 2030 (relative to a 

1990 baseline) ▪ 75 percent reduction by 2050 (relative to a 
1990 baseline)

Railway share of passenger transport  
(passenger-km): ▪ 50 percent increase by 2030 (relative to a 

2010 baseline) ▪ 100 percent increase (doubling) by 2050 
(relative to a 2010 baseline)

Railway share of passenger transport  
(passenger-km): ▪ equal with road by 2030 ▪ 50 percent greater than road by 2050

TARGETS AND BASELINES

BACKGROUND AND TRENDS
The following is a discussion of past and current trends 
pertaining to each of the targets.

Energy Consumption and CO2 Emissions. While final 
energy consumption of rail did not decrease between 1990 

and 2012, the energy consumption per kilometer decreased 
by roughly 50 percent per passenger-kilometer and roughly 
35 percent per freight ton-km during the same period 
(based on International Union of Railways 2015 data). 
Additionally, CO2 emissions per pkm and ton-km have 
decreased roughly 40 percent and 30 percent since 1990 
(International Union of Railways 2015). This demonstrates 
that significant progress has already been made toward 
meeting the targets. According to the initiative (Climate 
Summit 2014a), “these targets will be achieved by railway 
companies across the world through electrification of exist-
ing lines, decarbonization of electricity supply, improving 
load factors, procurement of more efficient rolling stock, 
energy management systems, and efficient driving.” The 
energy demand targets can be met through work in the rail 
sector alone, but meeting the CO2 targets will depend to 
some extent on changes in the energy sector.

Passenger Rail. In 2010, global passenger-kilometers 
were 2,765 billion (UIC 2011). Therefore, the target to 
reach a 50 percent increase in rail passenger kilometers 
traveled (PKT) by 2030 relative to a 2010 baseline equals 
a 1,382 billion increase in passenger-kilometers. This is 
roughly a 2.5 percent increase per year. Based on statistics 
from the International Union of Railways (2011), total 
rail passenger-kilometers have increased by 20 percent 
between 2006 and 2011, or 4 percent per year, show-
ing major growth in Asia and the Americas. If this trend 
continues, the 2030 goal will be attainable. However, the 
highest total PKT growth rate in the Global Calculator is 
on average assumed to be 1.1 percent per year through 
2050. This initiative represents a large continued increase 
in the share of rail PKT. The baseline estimate of global 
rail passenger-kilometers in 2011 was 5 percent of the 
total global PKT, and is assumed to decrease to 3 percent 
in 2050 (based on the Global Calculator).

Freight Rail. Global freight ton-km totaled 9,281.2 billion 
in 2010 (UIC 2011). In terms of freight transport, roughly 
one-third each of the total ton-km traveled were in the 
Americas or Asia, Oceania, and Middle East regions, with 
another 20 percent in Russia. There was a similar growth 
rate in rail freight to passenger rail between 2006 and 
2011. At the same time, a large portion of freight growth 
is assumed to take place on-road in the future; the share 
of road freight of international ton-km is expected to 
increase by about 65 percent between now and 2050  
(ITF 2012). Therefore, in terms of freight, this is quite  
an ambitious target.
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ANALYZING IMPACT AND FEASIBILITY
The impact and feasibility was tested by mapping the 
targets for each of the areas the initiatives cover.

Energy Consumption. Since 1990 there has been a sig-
nificant reduction in energy consumption per kilometer in 
the rail sector. Table 2 shows the actual change in energy 
consumption from 1990 to 2011 as well as the UIC target 
and the projected future change from the IEA 6DS. This 
shows the baseline estimate from the IEA 6 degree sce-
nario meets the target per passenger-km and comes close 
to the target for the freight ton-km. Of the three factors 
that impact efficiency used in the calculator—fleet effi-
ciency, occupancy/load, and electrification—fleet efficiency 
improvements of roughly 2 percent per year would make 
the largest impact on reducing emissions and allow the 
International Union of Railways to achieve these targets. 
Electrification, depending on the grid, can also have a 
larger impact on reducing emissions.

Passenger Rail. When matching the targets to the levers 
in the calculator, there are many possible approaches  
for increasing the share of passenger rail. Some of the 
factors that will impact the share of rail include total pas-
senger travel demand and shifting from different modes. 
In this case, total passenger demand was not changed 
from the growth projected under the 6 degree scenario. 
Level 3 was chosen as a reference for a new mode share in 
2050, and from Level 3, changes were made to all motor-
ized travel shares to create the shift toward rail that would 
match the target. 

Two scenarios are used: one doubles rail PKT in urban 
areas only, and one doubles PKT for all rail travel. The 
changes made to rail PKT to represent the commitment 
are shown in Tables 3 and 4, along with the reference 
scenarios of the baseline, Level 3 and Level 4 in the Global 
Calculator. The Global Calculator assumptions show that 
in 2011, urban and non-urban rail travel made up 58 
percent and 42 percent of rail PKT, respectively. Each of 
the scenarios in the table assumes a growth in rail PKT of 
at least 75 percent. Because motorization is projected to 
increase very rapidly, rail PKT would also need to grow 
very rapidly to increase the share of total PKT or to have 
the capacity to offset some of the growth in motorization. 

% REDUCTION PER RAIL TON-KM

1990-
2011 2030 2050

Actual
Passenger 50

Freight 35

IEA 6DS
Freight 60

Passenger 40

UIC target Total 50 60

Table 2  |   Reduction in energy consumption: Actual, 
targets, and 6 degree scenario

SCENARIO 2011 2030 2050

IEA 6DS baseline 5.16 4.11 3.04

Level 3 5.16 4.54 3.99

Level 4 5.16 5.04 5.10

UIC commitment (urban) 5.16 7.50 10.01

Table 3  |   Urban areas scenario: Rail percent of  
total PKT (model input for commitment  
plus reference scenarios)

SCENARIO 2011 2030 2050

IEA 6DS baseline 8.15 7.24 6.65

Level 3 8.15 7.89 8.13

Level 4 8.15 8.99 10.02

UIC commitment (urban and 
non-urban)

8.15 12.01 16.03

Table 4  |   Urban and non-urban areas scenario: 
Rail percent of total PKT (model input for 
commitment plus reference scenarios)



12  |  

Freight Rail. When matching the freight rail targets to the 
levers in the calculator, there are many ways to increase the 
share. The factors that will impact the share of rail include 
total freight demand and shifting from different modes. The 
freight demand (ton-km) was not changed from the growth 
projected under the 6 degree scenario. 

Table 5 shows the changes made with respect to mode 
for the analysis. Level 4 very closely matches the rail and 
truck percentages of ton-km for the UIC initiative. With-
out a change in freight demand, this represents as much as 
200 percent growth in freight ton-km from 2010 to 2050. 
If there is a change in freight demand or distance traveled, 
this may represent only a doubling of rail ton-km.

RESULTS
The emissions reductions with respect to total energy-
related emissions through 2050 and cost reductions 
related to total GDP are presented in Table 6. This shows 
that mode-shifting leads to the largest reductions in 
energy demand and CO2 emissions, as well as cost savings. 
This is because this analysis assumes a scenario where 
most of the mode shift will come from light- or heavy-duty 
vehicles, which produce the most GHG emissions. Growth 
in passenger rail could shift travel from non-motorized 
transport; however, it is unlikely to be a large impact 
since rail trips are typically much longer and not inter-
changeable with non-motorized trips. In addition, there 
is a relatively small impact from efficiency improvements 
partly because the efficiency improvements assumed in 
the baseline are very close to the targets of the initiative. 
Figure 3 and 4 also show the change in energy demand 
and CO2 emissions through 2050. 

COMPLEMENTARY MEASURES
The goals overlap with initiatives in public transport and 
potentially with goals for green freight. The electricity grid 
also will have an impact on total emissions reduction if 
much of the rail is electrified.

SCENARIO

MODE % OF TON-KM IN 2030 MODE % OF TON-KM IN 2050

HEAVY 
TRUCK TRAIN SHIP PLANE HEAVY 

TRUCK TRAIN SHIP PLANE

IEA 6DS baseline 12.3 9.3 78.2 0.2 13.1 8.9 77.7 0.2

Level 3 11.4 9.9 78.5 0.2 10.7 9.8 79.3 0.2

Level 4 10.1 11.1 78.6 0.2 7.7 12.9 79.3 0.2

UIC commitment (freight) 10.5 11.1 78.2 0.2 8.9 13.1 77.8 0.2

Table 5  |   Mode percent of ton-km (model input for commitment plus reference scenarios)

SCENARIO

EMISSIONS CHANGE 
(% OF TOTAL  
CO2e EMISSIONS, 
2011 TO 2050)

COST CHANGE  
(% GDP,  
2011 TO 2050)

Urban passenger 
and freight shift

-1.05  -0.80 to -1.47

All passenger and 
freight shift

-1.52  -1.34 to -2.51

All passenger and 
freight + efficiency

-1.62  -1.43 to -2.73

Efficiency -0.05  -0.05 to -0.14

Table 6  |   Emissions and cost reductions from  
rail scenarios
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Figure 3  |   Transport sector energy demand based on rail scenarios
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Figure 4  |   Global CO2e emissions based on rail scenarios

An
nu

al
 e

m
is

si
on

s 
(G

t)

90

60

45

30

75

1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

   CO2e historic

    Baseline - IEA 6DS

    Rail 1 (urban passenger + freight)

    Rail 2 (all passenger + freight)

    Rail 3 (all passenger + freight + efficiency)



14  |  

Initiative  |  International Association of Public Transport 
Action Plan

The goal is to “double the market share of public 
transport worldwide by 2025.”

TARGETS AND BASELINES

The International Association of Public Transport Action 
Plan initiative taps into interest among many cities in 
increasing the use of public transport. The International 
Association of Public Transport is tracking initiatives 
aimed at making public transport more attractive. Figure 5 
shows that these actions are generally related to reducing 
emissions, though about half focus on emissions reduc-
tions through technology rather than directly increasing 
public transport use. It is difficult to assess which projects 
will increase public transport use, but improving transit 
along with engaging stakeholders and increasing intermo-
dal connectivity will be important steps.

BACKGROUND AND TRENDS
Figure 6 shows example cities and market shares of 
various modes in terms of total number of trips at pres-
ent. Many cities around the world have roughly one-third 
private vehicle transport, one-third public transit, and 
one-third non-motorized transport. North American cities 
have many more private vehicle trips, and many develop-
ing cities are rapidly motorizing.

In 2010, public transport made up about 40 percent of PKT 
globally (Replogle and Fulton 2014). However, the numbers 
vary significantly between the OECD and non-OECD coun-
tries (20 percent vs. 50 percent). Under the 2050 high-shift 
scenario, which is considered to be a maximum of possible 
shift in urban areas, about 55 percent of PKT will be made 
by public transport. Much of the growth in travel will take 
place in developing countries where currently a high per-
centage of travel is by public transport. However, with high 
rates of motorization, it will likely be difficult to maintain 
the high levels of public transport (IEA 2009).

Figure 5  |   Worldwide climate action with public transport (number of projects)
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The high-shift scenario (Replogle and Fulton 2014) also 
estimates that in OECD countries the amount of urban 
travel from light-duty vehicles can be reduced to roughly 
45 percent of travel from what it is today and that much of 
this shift would be toward urban buses and commuter rail. 
This may be challenging in places that already have very 
high public transport mode shares. However, there may be 
more opportunities in places like the United States, where 
areas that are often considered car-oriented have made 
efforts to expand biking and walking opportunities. There 
is also evidence that peak travel has been reached in many 
developed countries (Navigant 2013).

ANALYZING THE IMPACT AND FEASIBILITY
We tested this initiative’s impact by matching the initia-
tive target in 2025 and carrying trends forward into 2050. 
Because the target is extremely ambitious, additional sce-
narios are shown for context. The mode share assumptions 
of different scenarios in different years that were entered into 
the calculator are shown in Figure 7. The first scenario shows 
Level 4 in the calculator, the second maps the high-shift 

Figure 6  |   Mode shares by percent of trips in four cities

0%

25%

50%

100%

75%

Ahmedabad Berlin São Paulo Toronto

    Non-
motorized

   Public

   Private

Sources: LTA Academy 2015.

Figure 7  |   Public transit scenarios model inputs (person-kilometers traveled)

Notes: 6DS = 6 degree scenario, GC = Global Calculator Level 4, HS = High-shift Scenario, Double = Double public transport commitment.
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scenario, the third shows the doubling of public transport 
mode share by 2025 and a slowdown in the growth rate, 
matching the high-shift scenario by 2050. Because it would 
be extremely difficult to double public transport using a 2010 
baseline (many developing countries have rates of public 
transport use above 40 percent), it is assumed here that the 
doubling is with respect to a 2025 baseline.

The mode shift assumed in the scenarios is generally from 
urban car and motorbike to public transport and other 
modes, as this would lead to the largest emissions reduc-
tion. This also fits the target in the action plan, as it indi-
cates that, along with increasing public transport share, it 
is important to encourage walking and biking, and develop 

related facilities to encourage low-carbon transport. The 
public transport share from Level 4 of the calculator is 
much lower than the other scenarios because the calcula-
tor assumes larger growth into 2-3 wheelers. While high 
growth in public transport is possible, it is also possible 
there will be continued rapid growth in 2-3 wheelers.

RESULTS
The emissions reductions and cost results for each of the 
three scenarios are shown in Table 7. They show a very 
large reduction potential from this initiative. Figure 8 
shows the CO2e emissions for each scenario over time. 
Interestingly, doubling mode share by 2025 is not signifi-
cantly more effective than the high-shift scenario in reduc-
ing emissions. This is likely a result of heavy-duty vehicle 
efficiency improvements over time. There are also major 
reductions in cost from the public transport scenarios, 
largely because they represent an extremely ambitious 
shift to public transport, which is calculated as a reduc-
tion in infrastructure needs for cars, a large reduction in 
vehicles needed, fuel consumption, and fuel production.

COMPLEMENTARY MEASURES AND RELATED INITIATIVES
This initiative is related to the International Union of 
Railways initiatives in terms of passenger mode share. It 
also can be complemented by the C40 Clean Bus initiative 
and having more efficient public transport vehicles.

SCENARIO

EMISSIONS CHANGE 
(% OF TOTAL  
CO2e EMISSIONS, 
2011 TO 2050)

COST CHANGE  
(% GDP,  
2011 TO 2050)

Public Transport 
Level 4

-1.17  -1.43 to -3.07

Doubling mode 
share by 2025

-2.42 -2.63 to -4.80

High-shift scenario -1.47 -1.84 to -4.01

Table 7  |   Emissions and cost reductions from public 
transport scenarios

Figure 8  |   Global CO2e emissions based on public transport scenarios
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Initiative  |  Voluntary Commitment from World Cycling 
Alliance (WCA) and European Cyclists’ Federation (ECF)

The goal of the initiative is to double the cycling 
mode share in Europe by 2020 and increase 
cycling worldwide.

TARGETS AND BASELINES

BACKGROUND AND TRENDS
This initiative aligns with goals of many cities around the 
world to increase or maintain cycling mode share. Around 
70 cities and regions have set targets to at least double 
their cycling mode share over the next decade. Some of the 
targets more than double the share of cycling from current 
levels (ECF 2015). This initiative can reduce emissions sig-
nificantly given the relatively small actions and resources 
needed in many cases, as well as the speed with which 
these changes could be made. 

ANALYZING IMPACT AND FEASIBILITY
The total passenger demand and mode shifting are the two 
levers that can contribute to the total cycling share. Table 
8 shows the changes made to mode share in the model in 
cycling kilometers traveled for “transit cities” under three 
different scenarios: the 6 degree scenario, Level 4, and dou-
bling cycling in Europe. Transit cities represent Europe and 
Latin America, and the percentages for the WCA/ECF com-
mitment in Table 8 only reflect doubling in Europe (based 
on share of cycling PKT for Latin America and Europe). The 
mode-shift is assumed to be away from passenger cars since 
the goal is to reduce emissions. This initiative is more ambi-
tious than Level 4 through 2020 because of how rapidly the 
doubling in cycle mode share is expected to take place. 

As an extension of the European commitment, Table 9 
shows the changes made in the model to cycling share for 
the three different types of cities, to roughly match the 
worldwide goal. This includes doubling in both automo-
bile and transit cities; however, doubling in booming cities 
compared to current levels would be a very ambitious 
target, as mode shares of cycling in many cities in India 
and China are already very high (automobile, transit, and 
booming cities are defined in Section 2.1). Therefore, the 
share of cycling in booming cities is held constant, imply-
ing an increase in total cycling travel given the rapid rate 
of travel growth projected.

RESULTS
The emissions reductions and cost results for the two 
scenarios are shown in Table 10. They show that while 
doubling cycling in Europe makes a small impact in terms 
of total emissions, large emissions reductions versus the 
baseline come from maintaining high cycling shares in 
Asian cities, while total passenger travel continues to 
increase rapidly. Growth in cycling also has the potential 
to keep many new cars off the road and reduce the need 
for both vehicles and infrastructure.

SCENARIO 2015 2020 2050

Transit cities– 
WCA/ECF commitment

2.6 3.6* 3.8

Transit cities– 
IEA 6DS 

2.6 2.5 2.1

Transit cities–Level 4 2.6 2.8 3.8

Table 8  |   Cycling mode shares for EU commitment 
(model input) and reference scenarios 
(percent)

Note: *Not an exact doubling because it is based on the share of European PKT in transit cities.

SCENARIO 2015 2020 2050

Automobile cities

Worldwide goal 0.4 0.8 1.0

IEA 6DS 0.4 0.5 1.0

Level 4 0.4 0.7 2.7

Transit cities

Worldwide goal 2.6 5.0 5.0

IEA 6DS 2.6 2.5 2.1

Level 4 2.6 2.8 3.8

Booming cities

Worldwide goal 8.4 8.4 8.4

IEA 6DS 8.4 7.0 2.7

Level 4 8.4 7.4 5.0

Table 9  |   Cycling mode shares for a worldwide 
initiative (model input) and reference 
scenarios (percent)
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COMPLEMENTARY MEASURES AND RELATED INITIATIVES
It will be very important to link this initiative to those 
involved in city planning worldwide to have the largest 
possible impact.

Initiative  |  Urban Electric Mobility Initiative (UEMI) 
Action Plan

The Urban Electric Mobility Initiative has  
various targets: ▪ Increase the market share of electric vehicles 

(light-duty vehicles and motorized 2-3 wheel-
ers) to 30 percent in cities by 2030.  ▪ Increase the stock of electric vehicles to 15 
percent by 2030. Apart from increasing the 
market share of new electric vehicles, encour-
aging the maximum use of electric vehicles 
(“higher travel per electric vehicle”) and 
less carbon-intensive travel modes (such as 
car-sharing systems, bus rapid transit, etc.) 
through planning efforts can contribute to the 
stock share, as indicated by the Urban Electric 
Mobility Initiative. ▪ At the same time, significantly increase elec-
tric mobility in public transit systems (such as 
light-rail transit, metro, and bus rapid transit 
systems), and reduce personally operated 
internal combustion engine vehicles in cities.

TARGETS AND BASELINES

The Urban Electric Mobility Initiative is one of many 
efforts that aim to increase the number of electric vehicles. 
The impact of electric vehicles was tested focusing on the 
Urban Electric Mobility Initiative targets because they 

assume a very rapid increase in electric vehicles (30 per-
cent urban mode share by 2030 and 15 percent of vehicle 
stock by 2030). The initiative also is working with similar 
initiatives in order to achieve 35 percent of global electric 
vehicle (also includes light commercial vans, buses, trucks, 
and others) sales by 2030 (UNFCCC 2015b). 

BACKGROUND AND TRENDS
The term “electric vehicles” often refers to plug-in hybrids, 
battery electric vehicles, and fuel cell cars, as well as 2-3 
wheelers, and depending on the definition, could include 
the rapidly growing e-bike market. The stock of global 
electric cars through 2015 was over 1.26 million vehicles 
(IEA 2016), more than 6.6 times that of 2012. In addition, 
there were more than 200 million electric 2-wheelers and 
170,000 electric buses in 2015. The total passenger car 
fleet was roughly 850 million vehicles in 2013. Reaching 
the Urban Electric Mobility Initiative’s very ambitious 
target of 15 percent of the vehicle fleet by 2030 means that 
electric vehicle sales would need to account for roughly 15 
percent of vehicle sales by at least 2023 (Kromer 2007). 
According to the Global Electric Vehicle Outlook 2015 
(IEA 2016), the aggregate goals for all countries with 
“individual country commitments” could add 13 million 
electric cars by 2020. The Electric Vehicle Initiative (a 
policy forum related to UEMI) has a target of 20 million 
electric cars by 2020, which would require a 74 percent 
annual growth rate. 

Electric vehicle (EV) sales have increased rapidly. Among 
Electric Vehicle Initiative countries, seven had an electric 
car market share at or above 1 percent in 2015: Norway 
(23.3 percent), the Netherlands (9.7 percent), Sweden (2.4 
percent), Denmark (2.2 percent), France (1.2 percent), 
China (1 percent), and the United Kingdom (1 percent) 
(IEA 2016). Programs and incentives in these countries 
have increased the adoption of electric vehicles. However, 
recent data show that as these programs have been discon-
tinued in the Netherlands, there has been less growth in 
the number of new electric vehicles (European Alternative 
Fuels Observatory 2016). In addition, the market share 
in the United States dropped from around 1.5 percent in 
2014 to 0.7 percent in 2015 (IEA 2015c, 2016). The Elec-
tric Vehicle Initiative data show that EV sales more than 
doubled between 2011 and 2012, while between 2014 and 
2015 the growth rate declined to 80 percent (IEA 2016). 
These trends suggest that incentives and programs have 
been valuable in increasing the electric vehicle share and 
will be needed to reach these very ambitious targets.

SCENARIO

EMISSIONS CHANGE 
(% OF TOTAL  
CO2e EMISSIONS, 
2011 TO 2050)

COST CHANGE  
(% GDP,  
2011 TO 2050)

Doubling cycling in 
Europe

-0.02  -0.03 to -0.06

Doubling cycling 
worldwide

-0.55  -0.64 to -1.47

Table 10  |   Emissions and cost reductions from 
cycling scenarios
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ANALYZING IMPACT AND FEASIBILITY
To assess the impact of the UEMI, we used two scenarios 
(UEMI target and EV only) that shift the number of 
passenger kilometers traveled by car from internal com-
bustion engine (ICE) vehicles to electric vehicles. Both 
scenarios match the electric vehicle uptake targets in the 
Urban Electric Mobility Initiative—15 percent of the fleet 
by 2030 and 30 percent by 2050. Table 11 shows the two 
scenarios, and the percent of urban passenger car or 2-3 
wheeler kilometers traveled using a mix of technologies 
and using electric vehicles only. This electric vehicle share 
of travel lies approximately between Level 3 and Level 4 of 
the “electric and hydrogen” lever of the model. Total pas-
senger demand and mode shift also can impact the results 
of this initiative but were not changed for this analysis.

RESULTS
The energy demand of different scenarios is shown in 
Figure 9. The first scenario shows the uptake being spread 
among different technologies: plug-in hybrid, battery elec-
tric, and hydrogen. This shows a decreased total energy 
demand from the 6 degree scenario baseline. The second 
scenario shows results if all of the vehicles will be electric. 
In this case, the energy demand decreases even further. 

COMPLEMENTARY MEASURES AND RELATED INITIATIVES
Related initiatives are the C40 Clean Bus initiative, 
Taxis4SmartCities, and the International Zero-Emission 
Vehicle Alliance. While the ZEV Alliance targets are simi-
lar, they are focused on specific countries or jurisdictions, 
which cannot be tested with the Global Calculator.

An important complementary measure to electric vehicle 
uptake is having a low-carbon electricity grid. In addi-
tion to the two scenarios for “mixed technologies” and 
“EV only,” two scenarios using different energy supply 
scenarios were also tested. The energy supply scenarios 
used are the 6 degree scenario (approximately 15 percent 
renewable) and the 2 degree scenario (approximately 50 
percent renewable).2 Table 12 shows the emissions reduc-
tions and cost results for each of the four scenarios. Figure 
10 also shows the emissions changes for the scenarios. The 
results shows that the mix of vehicles and energy grid are 
important for total emissions reductions. A mix of vehicles 
increases emissions by 0.32 percent through 2050, but 
it is a smaller increase, 0.25 percent, under the 2 degree 

SCENARIO

2030 2050

IEA 6DS UEMI 
TARGET

EV 
ONLY LEVEL 3 LEVEL 4 IEA 6DS UEMI 

TARGET
EV 
ONLY LEVEL 3 LEVEL 4

Car

Plug-in 3 13 3 11 15 5 28 3 25 33

Electric 1 10 27 9 16 2 23 27 20 35

Hydrogen 0 7 0 6 9 0 17 0 15 20

2-3 W

Electric 21 30 30 34 38 40 60 30 70 80

Table 11  |   Electric vehicle uptake for commitment (model input) and reference scenarios (percent of car and 
2-3W PKT by hybrid, electric, or hydrogen vehicles)

SCENARIO

EMISSIONS CHANGE 
(% OF TOTAL  
CO2e EMISSIONS, 
2011 TO 2050)

COST CHANGE  
(% GDP,  
2011 TO 2050)

From current grid baseline

Mixed technologies 
+ current grid

+0.32 +1.45 to +2.11

Electric vehicles + 
current grid

-0.25 +1.50 to +2.27

From 50% renewable grid baseline

Mixed technologies + 
50% renewable grid

+0.25 +1.68 to +2.18

Electric vehicles + 
50% renewable grid

-0.32 +1.70 to +2.32

Table 12  |   Emissions and cost reductions from 
electric vehicle scenarios 
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Figure 9  |   Transport sector energy demand for different electric vehicle scenarios
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Figure 10  |   Global CO2e emissions for electric vehicle scenarios
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scenario. This is because of the energy required to pro-
duce hydrogen along with more use of fossil fuels with 
hybrids. A full switch to electric vehicles is the only option 
to reduce emissions because it reduces energy demand 
enough that it offsets the assumed increase in the use of 
coal power. Additional details on energy demand are avail-
able in Appendix 3.

This also shows that electric vehicles may be a good option 
for reducing air pollution and CO2 emissions where the 
grid is clean. However, globally, they may not be a major 
contributor to emissions reductions. If we use only electric 
vehicles (not hydrogen and hybrids), we see emissions 
reductions in both scenarios. At the same time, if clean 
energy supply cannot meet the demand for more energy, 
or electricity generation, fossil fuels will be used to meet 
the increasing demand. 

Initiative  |  C40 Clean Bus Declaration

The C40 Clean Bus Declaration was established 
by the Low Emission Vehicles Network under 
C40, with the aim of reducing emissions and 
improving air quality in signatory C40 cities by 
incorporating low- and zero-emission buses into 
the fleets. 

TARGETS AND BASELINES

The C40 declaration has been signed by 23 signatory 
cities, representing 166,876 buses around the world. In 
this case, clean buses are considered low- and zero-carbon 
buses. With the current declaration, there will be roughly 
40,000 new buses by 2020 (C40 2015). 

In operation
Pilot

   In operation

   Pilot

Figure 11  |   Battery electric buses in operation or piloting worldwide

Note: Size of piloting and operations in each city can vary significantly.
Source: Author analysis.
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BACKGROUND AND TRENDS
There are many programs globally to encourage the use 
of hybrid, electric, and hydrogen buses. Several pilot 
programs have shown these technologies to be viable, 
and many national governments, local governments, and 
manufacturers have or are considering incentive programs 
to support the growth of these technologies. Figure 11 
shows the piloting or use of electric buses globally.

ANALYZING IMPACT AND FEASIBILITY
This initiative allows for a variety of clean technologies, 
including gas, plug-in hybrid, electric, and hydrogen fuel 
cells. The initiative will need to expand to make a global 
impact. While details are not available on the composition 
of the fleets, if this initiative expanded globally, it would 
be roughly equivalent to level 3 in terms of electrifica-
tion of public transport. The analysis assumes a mix of 
hybrid, electric, and fuel cell buses by 2050 (10 percent, 
30 percent, and 10 percent, respectively). Table 13 shows 
the percentage of the urban bus fleet that is assumed to be 
hybrid or electric for our analysis. Level 3 in Electrification 
of Vehicles was used to approximate the global reach of 
the initiative. However, the impact of this initiative also 
could be affected by changing the total passenger demand 
and passenger mode shares.

RESULTS
Table 14 shows the emissions reductions and cost results for 
this scenario. It shows that a global effort to electrify buses 
results in a 0.02 percent increase in emissions but roughly 
a 1 percent decrease in energy demand. The grid assump-
tions again are important in understanding this difference. 
It means that with the 6 degree scenario in energy supply, 
also assuming demand is not changing in other sectors, this 

initiative would increase emissions. This is partly due to the 
mix of propulsion technologies as well, similar to the Urban 
Electric Mobility Initiative; full-electric vehicles powered by 
renewable energy will reduce emissions.

This also does not mean that regional or country-specific 
actions to move to hydrogen, electric, or hybrid fleets will 
not have an important impact. The emissions impact of this 
initiative is small compared to some others, but it can reduce 
exposure to pollutants for people riding buses and accessing 
major bus routes. 

COMPLEMENTARY MEASURES AND RELATED INITIATIVES
The UEMI and the ZEV Alliance are related, though  
they apply to light-duty vehicles. The renewable energy 
considerations will be similar for electric buses, though 
they will not affect overall demand as much as light-duty 
vehicles. The C40 initiative is also related to goals for 
improving the public transport fleet in the Urban Electric 
Mobility Initiative.

SCENARIO 2011 2015

2020 2050

IEA 6DS LEVEL 2 LEVEL 3 IEA 6DS LEVEL 2 LEVEL 3

Bus

Hybrid 0 1 1 1 2 3 5 10

Electric 0 2 1 3 6 1 15 30

Hydrogen 0 0 0 0 1 0 0 10

Table 13  |   Assumptions for percentage of total urban bus PKT with different technologies for worldwide 
initiative (model input) 

SCENARIO

EMISSIONS CHANGE 
(% OF TOTAL  
CO2e EMISSIONS, 
2011 TO 2050)

COST CHANGE  
(% GDP,  
2011 TO 2050)

C40 Bus Declaration +0.02 +0.28 to +0.34

Table 14  |   Impact of global bus electrification
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Initiative  |  Aviation Action Plan

The goal of the International Civil Aviation Orga-
nization includes achieving a global average fuel 
efficiency improvement of 2 percent per year until 
2020 and an aspirational global fuel efficiency 
improvement rate of 2 percent per annum from 
2021 to 2050. They also aim to stabilize net emis-
sions from 2020 through carbon-neutral growth, 
subject to concerted industry and government 
initiatives, and reduce net aviation carbon emis-
sions 50 percent by 2050 relative to 2005 levels.

TARGETS AND BASELINES

Among the various aviation organizations there have been 
goals and plans for reducing emissions from the sector 
since 2008. The goal for improving fleet efficiency by 2 
percent per year was adopted by the International Civil 
Aviation Organization (ICAO) in 2010 (Climate Summit 
2014b). The cost of fuel can be the largest expenditure 
for airlines, and they therefore have a great incentive to 
improve fuel economy, thereby reducing CO2 emissions 
for each flight. 

BACKGROUND AND TRENDS
According to IATA (2009), an “industry rule of thumb is 
that each new airplane model should be 10 to 15 percent 
more economical in terms of fuel economy.” Airlines 
have adopted a voluntary fuel efficiency goal. This is to 
reduce fuel consumption and CO2 emissions (per revenue 
ton-kilometer) by at least 25 percent by 2020, compared 
to 2005 levels. World air passenger traffic is projected to 

grow 5 percent annually, and the commercial airplane fleet 
is expected to nearly double by 2032 (IATA 2009). IATA 
(2009) estimates the reduction of CO2 emissions through 
fleet renewal at 600 million tons by 2030, while biofuels 
would reduce these emissions by 150 million tons. How-
ever, while many transport sector initiatives call for the 
use of biofuels, recent research indicates that the carbon 
impact of biofuels may be higher than some earlier studies 
suggested (Searchinger and Heimlich 2015).

ANALYZING IMPACT AND FEASIBILITY
Improving efficiency of planes at 2 percent per year through 
2050 is between Level 3 and 4 in the calculator, but higher 
than Level 4 through 2020. This is the only lever that 
was changed, though changing passenger demand, mode 
shares, and technologies would change the resulting impact 
of this initiative. Table 15 shows the assumptions used to 
test the commitment and reference scenarios.

RESULTS
Table 16 shows the emissions reductions and cost results 
of this scenario. This shows a 0.10 percent reduction in 
aviation emissions by 2050. Considering that aviation 
contributes to roughly 3 percent of global emissions, 0.1 
percent represents a sizeable reduction in emissions from 
improving plane efficiency. 

COMPLEMENTARY MEASURES AND RELATED INITIATIVES
Most of the initiatives relate to modes other than air 
travel; the Airport Carbon Accreditation is the only initia-
tive that is clearly related. However, improvements in rail 
travel could have an impact on air travel demand.

SCENARIO

EMISSIONS CHANGE 
(% OF TOTAL  
CO2e EMISSIONS, 
2011 TO 2050)

COST CHANGE  
(% GDP,  
2011 TO 2050)

Aviation -0.10 -0.02 to 0.01

Table 16  |   Emissions and cost reductions from 
aviation plan

SCENARIO

ANNUAL 
PERCENTAGE 
IMPROVEMENT 
THROUGH 2030

ANNUAL 
PERCENTAGE 
IMPROVEMENT 
2030–50

Baseline 1.40 1.00

Level 3 1.70 1.80

Level 4 1.70 2.40

Aviation commitment 2.00 2.00

Table 15  |   Aviation annual improvement rate 
assumptions for commitment (model 
input) and reference scenarios
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Initiative  |  Vehicle Fuel Efficiency Accelerator

Launched in 2009, the Global Fuel Economy Ini-
tiative has a goal of 30 percent reduction in liters 
per 100 kilometers (L/100km) by 2020 in all new 
cars in OECD countries, a 50 percent reduction in 
L/100km by 2030 in all new cars globally, and a 
50 percent reduction in L/100km by 2050 in all 
cars globally. At COP 21, the Global Fuel Economy 
Initiative also launched a campaign “100 [coun-
tries] for 50 by 50” to involve more countries in 
the initiative (FIA Foundation 2015).

TARGETS AND BASELINES

The Vehicle Fuel Efficiency Accelerator is a part of the UN 
Secretary-General’s Sustainable Energy for All global initia-
tive (SE4All). SE4All shows that energy efficiency measures, 
including transport, can contribute to deliver 50 percent of 
the emissions reduction required to put the world on a 2° C 
pathway by 2020 according to the IEA (SE4All 2014).

The Vehicle Fuel Efficiency Accelerator uses the Global 
Fuel Economy Initiative’s (GFEI) targets for improving 
fuel efficiency of light-duty vehicles globally. Since the 
GFEI’s launch in 2009, this initiative has already had suc-
cess in improving fuel economy policies and measures and 
providing support to 27 countries. This includes “consulta-
tion and discussion, evidence-based approaches, bench-
marking against best practice, technical coherence, and 
evaluation” (FIA Foundation 2015). This initiative focuses 
on light-duty vehicles, but it is also beginning to work on 
heavy-duty vehicles. It provides annual reports on the 
state of fuel economy globally to help monitor progress. 

BACKGROUND AND TRENDS
The world’s light-duty vehicle fleet is expected to increase 
“from around 850 million passenger cars in 2013 to over 
2 billion by 2050” (GFEI 2016). Some 90 percent of this 
growth is expected in non-OECD countries, particularly 
China and India. The IEA (2008) has estimated that fuel 
consumption and emissions of CO2 from the world’s cars 
will roughly double between 2000 and 2050. Improv-
ing efficiency along with hybridization will make it pos-
sible to reach the goals stated in the initiative. Figure 12 
shows that many governments have already committed to 
significantly reducing CO2 emissions from their light-duty 
fleet. Furthermore, the original SE4AII document states 
that “CO2 savings would exceed 1Gt CO2 annually by 2025, 
going to 2Gt CO2 annually by 2050” (SE4All 2014). These 
figures were updated to 0.5Gt/year by 2025 and 1.5Gt by 
2050 in Fuel Economy State of the World 2016 (GFEI 
2016), partly due to already accomplished fuel economy 
achievements (Clarke 2015).

ANALYZING IMPACT AND FEASIBILITY
Table 17 shows the composition of the vehicles assumed 
for 2050, as well as the annual fuel economy improvement 
rate needed over time to reach the target of 50 percent fuel 
economy improvement across the whole fleet by 2050. 
Table 18 shows improvement rates for related scenarios 
as reference. The level of ambition for the commitment 
is roughly equivalent to Level 3 in the calculator. This 
initiative’s potential impact will be heavily related to total 
passenger demand and mode share. In the future, the total 
impact also will depend on the percentage of the vehicle 
fleet powered by fossil fuel.

RESULTS
Table 19 shows the emissions reductions and cost results 
for each of the four scenarios. This shows that focusing on 
improving light-duty vehicle efficiency can make a large 

COMMITMENT VEHICLE FLEET BY  
2050 (%)

FUEL ECONOMY IN 2011
(KWH/KM) 

ANNUAL IMPROVEMENT 
RATE THROUGH 2020 (%)

ANNUAL IMPROVEMENT 
RATE THROUGH 2020–50 (%)

ICE 93 0.76 2.50 1.80

Hybrids 5.0 0.57 1.80 1.80

Electric 2.0 0.21 1.00 0.50

Table 17  |   Assumptions for rate of improvement for commitment: Model input to meet 50 percent improvement 
in fuel economy by 2050
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contribution to emissions reductions with cost savings, 
improving vehicle efficiency by 50 percent through 2050. 
The total impact of the initiative will depend on total 
vehicle demand and turnover rate of the vehicle fleet.

COMPLEMENTARY MEASURES AND RELATED INITIATIVES
This is the only initiative that focuses primarily on improving 
light-duty vehicle fuel economy. The Taxis4SmartCities ini-
tiative aims to increase the uptake of vehicles with improved 
fuel economy. The GFEI will begin work on electric vehicles 
and heavy-duty vehicles. This will relate to the Global Green 
Freight Initiative, UEMI, and ZEV Alliance.

ICE

ANNUAL 
IMPROVEMENT 
RATE THROUGH 
2020 (%)

ANNUAL 
IMPROVEMENT 
RATE 2020–50 (%)

Baseline 1.5 1.0

Level 3 1.7 1.8

Level 4 1.7 2.5

Table 18  |   Reference scenarios for efficiency 
improvement for ICE vehicles

SCENARIO

EMISSIONS CHANGE 
(% OF TOTAL  
CO2e EMISSIONS, 
2011 TO 2050)

COST CHANGE  
(% GDP,  
2011 TO 2050)

LDV efficiency -0.67 -0.03 to -0.09

Table 19  |   Emissions and cost reductions from  
light-duty vehicle efficiency

Figure 12  |  Comparison of light-duty vehicle CO2 emission rates

Source: ICCT (2012).
a US fuel economy stadards set by NHTSA reflecting tailpipe GHG emission (i.e., exclude low-GWP refrigerant credits).
b China’s target reflects gasoline vehicles only. The target may be higher after new energy vehicles are considered.
c Gasoline in Brazil contains 22% of ethanol (E22), all data in the chart have been converted to gasoline (E00) equivalent.
d Supporting data can be found at: http://www.theicct.org/info-tools/global-passenger-vehicle-standards.
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Summary of Individual Impact
Figure 13 shows the impacts of each of the initiatives dis-
cussed previously, plotted on one graph comparing emis-
sions reduction, cost, and level of effort. Table 20 shows 
the emissions reductions and cost results for each of the 
scenarios. The initiatives’ results are shown as a percent-
age of total global energy-related emissions. Even though 
the values may be small, all of these initiatives represent a 
significant reduction in transport emissions.

This shows that the largest effort and biggest reduction 
in emissions come from mode-shifting, either to rail or 
public transport. Both also have significant cost savings 
due to a reduction in the number of vehicles purchased 
and infrastructure needed. The cycling initiative only 
reflects Europe, so the impact is smaller in a global sense. 
However, all of these represent extremely ambitious 
scenarios in terms of behavior change. The large mode-
shifting assumed under these initiatives has been difficult 
to achieve thus far, with many trends still toward private 
motorization and using heavy trucks for freight. Tracking 

mode shares globally over the next decade will help show 
if these initiatives are achievable.

The light-duty vehicle fuel efficiency initiative has large 
emissions reduction potential, and the airplane efficiency 
initiative has large emissions reduction potential with 
respect to the size of the sector. They both have some cost 
savings and are very ambitious. However, these initia-
tives have large global reach and a long history, so there 
is a good sense of what is achievable in these areas. The 
electric vehicle targets are also very ambitious and have 
large emissions reduction benefits. These are more costly 
due to the assumed increased cost per vehicle, at least in 
the short term. It is not clear if the very rapid uptake in 
electric vehicles is achievable and how that would interact 
with greatly improving the efficiency of light-duty vehicles. 

There are many synergies among the initiatives that could 
be explored further. The level of effort required for each 
initiative depends on the effort made in other areas. For 
example, if mode-shifting is successful, it makes it easier 

Figure 13  |  Impact, cost, and levels of effort for individual initiatives (% change vs. 6DS global emissions)
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and less costly to achieve targets in vehicle efficiency or 
electrification of the fleet because it will reduce the total 
number of vehicles needed. Similarly for emissions reduc-
tion, the calculator shows that the carbon intensity of the 
grid, which impacts the emissions reduction potential 
from the electric vehicles initiatives, is highly dependent 
on total energy demand—the lower the demand from all 
sectors, the lower the carbon intensity of electricity.

3.2 Aggregate Impact and Untapped Potential
Next, we looked at the aggregate of the initiatives. This does 
not represent the sum of the previous initiatives, rather 
it takes the maximum effort in each of the levers under 
all of the initiatives tested. For the International Union 
of Railways initiative, it uses the highest passenger and 
freight mode shares as well as reduction in energy use. For 
the International Association of Public Transport Action 
Plan and cycling initiatives, it uses the highest bus and 
non-motorized transport assumptions. It also includes, in a 
similar way, the efficiency improvements from planes and 
light-duty vehicles, as well as a rapid increase in electric 
vehicles. Because the tested initiatives focus on different 
areas, there is not a lot of overlap. However, adding all of 
the mode-shifting initiatives together leads to a large reduc-
tion in passenger car use from the baseline for 2050 (down 
to 29 percent of PKT).

The aggregate of the initiatives is compared to the addi-
tional scenarios included in Table 21 and Figure 14. These 
scenarios reflect all Level 3 and all Level 4 for the trans-

port sector, showing the “very ambitious” and “extremely 
ambitious” potential of the transport sector. This means 
that for all of the transport levers, covering both lifestyle 
and technology, level 3 or level 4 were selected. These 
reference scenarios are shown with and without changes 
to passenger and freight demand, which changes the total 
PKT and freight ton-km in the model. A reduction in these 
factors reflects either a reduced number of passengers or 
freight trips, or shorter trips. 

Overall, the findings show the aggregated initiatives would 
lead to a 3.69 percent reduction in total CO2e emissions 
by 2050 through actions in the transport sector from the 
IEA 6DS baseline; collectively, this is an extremely ambi-
tious effort with respect to lifestyle changes and technology 
improvements. In Table 21, Level 4 shows that the maxi-
mum potential for emissions reduction in the transport 
sector as 6.58 percent of total emissions. The emissions 
reduction total under all Level 3 is 3.86 percent. Therefore, 
the aggregate of all of the initiatives is slightly less than all 
Level 3 in the transport sector. All Level 3 and Level 4 show 
significant cost savings because they include many life-
style factors that reduce the use of private vehicles, either 
through occupancy, ownership, or mode shifting. Reducing 
the number of vehicles needed reduces costs, along with a 
reduced need for road infrastructure and fuel. 

The initiatives focus on technology improvement rather 
than behavior or lifestyle factors. While reducing the energy 
consumption of vehicles is important, a rapid growth in 

SCENARIO EMISSIONS CHANGE (% OF TOTAL 
CO2e EMISSIONS, 2011 TO 2050)

COST CHANGE (% GDP, 2011 TO 
2050) LEVEL OF EFFORT

Public transport -2.42 -2.63 to -4.80 4.5

Rail -1.62              -1.43 to -2.73 4.5

EV (electric, 6DS) -0.25 +1.50 to +2.27 3.3

EV (electric, 2DS) -0.32 +1.70 to +2.32 4.15

Fuel efficiency -0.67 -0.03 to -0.09 3.4

Aviation -0.10 -0.02 to 0 3.4

Clean bus +0.02 +0.28 to +0.34 3.0

Bicycle (EU) -0.02  -0.03 to -0.06 4.0

Table 20  |   Summary of emissions and cost reductions from initiatives (with respect to 6DS)
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demand can make this a costly option. Shifting modes or 
reducing travel demand can be more cost-effective options. 
However, the tested initiatives all reflect a high level of 
ambition. The scenarios in Table 21 show that spreading 
the effort among a variety of initiatives can be helpful for 
achieving emissions reduction. 

For example, reducing passenger demand and mode-
shifting will make reaching fuel efficiency and electrification 
initiative targets more feasible and cost effective.

These initiatives do not represent all possible actions in 
the transport sector. Increasing the feasibility of signifi-
cantly reducing transport sector emissions may require 
focused efforts on levers other than those we tested, as we 
discuss in the following section. 

Untapped GHG Reduction Potential
Finally, we looked at the potential impact of calculator 
levers that are not explicitly mobilized in this set of initia-
tives, shown in Table 22. This includes heavy-duty vehicle 
efficiency, ship efficiency, and freight efficiency in general. 
It also includes reductions in demand, including passen-
ger demand and freight demand. It also includes improve-
ments in freight load factor and passenger occupancy as 
well as vehicle ownership.

Figure 14  |  Global CO2e emissions for summary scenarios

Note: The drop in emissions between 2040 and 2045 is due to changes in the land use/bio sector and is present in all of the CO2e summary tables.
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SCENARIO

EMISSIONS CHANGE 
(% OF TOTAL  
CO2e EMISSIONS, 
2011 TO 2050)

COST CHANGE  
(% GDP,  
2011 TO 2050)

Aggregate of  
initiatives

-3.69 -2.2 to -4.5

All transport Level 3  
(w/o demand)

-2.79 -1.99 to -5.42

All transport Level 3  
(w/ demand)

-3.86 -2.97 to -7.12

All transport Level 4  
(w/o demand)

-4.98 -3.71 to -8.96

All transport Level 4  
(w/ demand)

-6.58 -5.30 to -11.65

Table 21  |   Initiative aggregation compared to 
transport Level 3 and Level 4 (with 
respect to 6DS) 
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Table 22 shows the impact of shifting those levers to level 
3 versus the IEA 6 degree scenario. This shows that the 
efficiency of freight vehicles can greatly reduce emissions. 
Heavy-duty and ship efficiency can bring major reductions 
as well. Additionally, reducing travel demand for both 
passengers and freight can be important contributors to 
emissions reduction. Part of the reason freight demand 
reduction appears very high here is because little adjust-
ment is expected from the current trends in the IEA 6 
degree scenario. The passenger occupancy rate also has 
large emissions reduction potential, which is also partly 
because little change is expected from the current trends in 
the IEA 6 degree scenario. Shared taxis and other ride-
sharing changes also may make large impacts on passenger 
occupancy. It also shows that the aggregate impact of action 
in these areas is similar to that of the existing initiatives.

4. SUMMARY AND CONCLUSIONS
The transport initiatives under the Lima-Paris Action 
Agenda and the Paris Process on Mobility and Climate 
could significantly contribute to emissions reductions from 
the sector. This analysis is one step toward understanding 
the relative and collective impact of the initiatives and what 
additional initiatives could advance emissions reduction. 

Our findings show that in general, the initiatives are very 
ambitious and would together lead to a 3.69 percent 
reduction in global CO2 emissions by 2050 from an IEA 
6DS baseline. The largest emissions reduction could come 
from mode-shifting initiatives, either to rail or public 
transport (up to 2.42 percent reduction in emissions), 
but would also require a very high level of effort. Shifts to 
rail or public transport also have significant cost savings 
due to reductions in the assumed number of vehicles 
purchased and infrastructure needs. The electric vehicle 
targets also are very ambitious and have large emissions 
reduction benefits. The light-duty vehicle fuel efficiency 
initiative has large emissions reduction potential (0.67 
percent), and the airplane efficiency initiative has large 
emissions reduction potential (0.10 percent) with respect 
to the size of the sector.

Mode shift can be important to reducing emissions 
among the initiatives partly because of the very high 
levels of ambition in mode shift assumed compared to 
the more realistic levels of ambition assumed under the 
technology initiatives. The level of effort in the calcula-
tor that corresponds to achieving the major behavioral 
changes required for the initiatives’ levels of public and 
non-motorized transport is very high (from level 3 to 
higher than level 4), while switching to electric vehicles 
and vehicle efficiency are considered ambitious but more 
feasible (level 3). 

While the individual initiatives alone may be challeng-
ing in terms of feasibility, there are potential synergies 
among changes to demand, mode, and technology that 
could impact results. The level of effort required for each 
initiative depends on the effort made in other areas. For 
example, if mode-shifting is successful, it makes it easier 
and less costly to achieve targets in vehicle efficiency or 
electrification of the fleet because it will reduce the total 
number of vehicles needed. Similarly, for emissions reduc-
tion, the calculator shows that the carbon intensity of the 
grid, which impacts the emissions reduction potential 
from the initiatives related to electric vehicles, is highly 
dependent on total energy demand. Therefore, the lower 
the demand from all sectors, the lower the carbon inten-
sity of electricity used in electric vehicles. Generally, the 
analysis shows that while an extreme effort can be made 
in certain areas and will have a major impact in emissions 
reduction, making a strong effort in many areas may result 
in greater impact and be more cost-effective.

SCENARIO

EMISSIONS CHANGE 
(% OF TOTAL  
CO2e EMISSIONS, 
2011 TO 2050)

COST CHANGE  
(% GDP,  
2011 TO 2050)

HDV efficiency only -0.57 -0.03 to -0.08

Ship efficiency -0.40 -0.02 to -0.06

Passenger demand -0.17 -0.23 to -0.44

Freight demand -1.15 -0.86 to -1.57

Freight load factor -0.17 -0.41 to -0.79

Passenger  
occupancy rate

-0.95 -1.29 to -2.68

Car ownership -0.32 -1.80 to -3.34

Aggregate of  
untapped potential

-3.51 -4.28 to -8.22

Table 22  |   Costs savings and emissions reductions 
from untapped potential (with respect  
to 6DS)
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The high-level of ambition among the initiatives is aligned 
with the objective of the Lima-Paris Action Agenda. 
However, in allocating funds, and considering the many 
competing initiatives in other sectors, it makes sense to 
focus on those initiatives, or group of initiatives, that are 
feasible and cost-effective, and perhaps achieve a variety 
of other goals, such as providing affordable transportation 
for all and reduction in air pollution. Testing the initia-
tives with the calculator supports the findings from the 
Lima-Paris Action Agenda analysis: more clarity is needed 
regarding targets, greater linkages are needed among vari-
ous efforts, and greater geographical coverage would be 
desirable. More guidance from the Action Agenda on cre-
ating ambitious and achievable initiatives could enhance 
the effectiveness of the initiative process.

While the analysis shows that there is very little direct 
overlap among targets for these initiatives, many of the 
initiatives are clearly linked, such as increasing the pas-
senger rail share and increasing the use of public transit. 
Having linked goals is beneficial as it means that multiple 
organizations are working toward the same end. In this 
case, coordinating targets and efforts can send clear mes-
sages of support to the global community and stakehold-
ers implementing these initiatives. Furthermore, many of 
these initiatives include a host of additional measures that 
overlap with other initiatives, addressing more efficient 
vehicles, electric vehicles, and shifting modes, for exam-
ple. These additional measures should also be aligned with 
the major initiative that supports that measure.

The initiatives made to date under the Lima-Paris Action 
Agenda and the Paris Process on Mobility and Climate 
do not cover all opportunities for emissions reductions in 
the transport sector. Using the Global Calculator allowed 
us to identify gaps. Heavy-duty and freight vehicle effi-
ciency, along with higher passenger car occupancy rates 
and reducing freight demand, can make big reductions in 
emissions. The Paris Process on Mobility and Climate can 
encourage ambitious activities in these areas. It also shows 
that demand reduction, logistics, and planning can be 
major contributors to emissions reduction. 

Finally, this paper considers only one set of initiatives 
among many that impact transport and development. 
The organizations supporting these initiatives should 
begin connecting with related initiatives and working 
with governments at all levels and the private sector to 
create detailed implementation plans that are sensitive to 
local goals and funding possibilities. For example, some 

places with more advanced public transit systems may 
have less scope to increase public transit market share. 
International organizations can help to identify funding 
sources or make the best use of existing funding and help 
with monitoring, tracking, and reporting. Because of the 
ambitious nature of the targets and relatively short time 
frames, we may need extensive effort in tracking trends 
to make sure we are achieving these goals. Because of the 
effort and funding required to achieve these targets, they 
will need to be aligned with other goals and aspirations of 
the cities and countries, along with the Nationally Deter-
mined Contributions and Sustainable Development Goals.

The Global Calculator has seven levers in the transport sector that are used 
to calculate total emissions: passenger distance, freight distance, mode, 
load factors and occupancy, car own or hire, electrification, and transport 
efficiency. The main way to create scenarios to reflect transport initiatives is 
thus to change these levers and calculate respective emissions.

For the initiative analysis, the most frequent changed levers were mode, 
transport efficiency, and electrification. Although in some initiatives other 
levers are affected, such as load factor and car own or hire, the targets and 
impacts are either rough or hard to estimate, and thus are not included. 
Also, some initiatives have targets related to impacts rather than activity, 
such as the energy consumption and CO2 emissions reduction targets in the 
railway sector initiative. They are an output of the model and are therefore not 
included in establishing the scenarios.

When we established new scenarios regarding mode changes, we made 
the shift of mode from internal combustion engine vehicles and passenger 
vehicles to other modes. This is in line with our general targets to reduce the 
use of traditional fuel vehicles, and encourage more low-carbon transporta-
tion methods, such as walking, cycling, and public transport.

Furthermore, almost no initiatives address reducing travel demand in 
general. Thus, for passenger distance and freight distance levers, we used the 
assumptions in the baseline scenario(s).

LEVER TRANSPORT INITIATIVES

Mode share
Public Transport (UITP), Rail (UIC), 
Cycling (WCA)

Efficiency
Fuel Efficiency (SE4ALL), Aviation 
(ICAO, ATAG)

Electric and hydrogen Electric Vehicle (UEMI), Clean Bus (C40)

Electricity generation Electric Vehicle (UEMI), Clean Bus (C40)

Table A1  |   Levers changed to test initiatives

APPENDIX 1. MODELING APPROACH 
AND SUMMARY OF CHANGES TO THE 
CALCULATOR BY INITIATIVE
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APPENDIX 2. BASELINE ASSUMPTIONS
The baseline (IEA 6DS as mapped in the Global Calculator) included the  
following assumptions for each of the levers:

Passenger Demand: On average, the passenger demand annual growth rate 
from 2011 to 2050 is around 2.15 percent for urban areas, 1.04 percent for 
rural areas, and 2.44 percent for international. These are taking population 
growth into consideration. 

For per person per year travel demand annual growth rates (2011–2050  
average), trends generally are decreasing over time—urban automobile 
city 0.02 percent, urban transit city 0.69 percent, urban booming city 0.85 
percent, rural developed 0.38 percent, rural developing 1.69 percent, interna-
tional slow growth 0.96 percent, and international fast growth 3.48 percent.

Freight Demand: On average, the freight demand annual growth rate from 2011 
to 2050 is around 2.03 percent for domestic, and 2.21 percent for international. 

Mode: For passenger travel in 2050 for urban areas, the mode shares are 
walking, 3 percent; biking, 2 percent; 2-3 wheelers, 14 percent; cars, 49 
per cent; buses, 28 percent; and trains, 3 percent. For rural areas, the mode 
shares are walking, 1 percent; biking, 2 percent; 2-3 wheelers, 16 percent; 
cars, 55 percent; buses, 13 percent;and trains, 12 percent. And for interna-
tional travel, the mode shares are short-distance planes, 23 percent; long-
distance planes, 62 percent; trains, 15 percent.

For freight in 2050, for domestic travel the mode shares are light trucks, 4.3 
percent; heavy trucks, 43.5 percent; trains, 40.2 percent; and ships, 12 per-
cent. For international travel, the mode shares are heavy trucks, 4.1 percent; 
trains, 0.8 percent; ships, 94.8 percent; and planes, 0.3 percent.

Occupancy: (passenger/vehicle): Passenger-urban and rural walk and bike 
are not changing; urban and rural 2-3 wheelers, +2.8 percent; urban and rural 
cars and trains, -6 percent; urban and rural buses, -14 percent; international 
short planes, long planes, and trains, +4 percent. 

Freight (load factor): (ton/vehicle) Domestic light trucks, heavy trucks, 
trains, ships, international heavy trucks, and trains, +4 percent; international 
ships and planes, +2 percent. 

Car Ownership: For passenger modes, the ownerships are all the same with 
the baseline situation.

Vehicle Efficiency: For passenger vehicles, the efficiency improvement rates 
are positive, but roughly are all decreasing over the years. The improve-
ment rates in 2050 for different modes are: 0.5 percent for ICE 2-3 wheelers, 
ICE and plug-in hybrid cars and buses, non-electric train, and non-electric 
planes; and 0.1 percent for battery electric and hydrogen 2-3 wheelers, cars, 
buses, trains, and planes.

For freight, the efficiency improvement rates are roughly around 0–1 percent 
through 2050. Most traditional fuel vehicles have a constant improvement rate, 
which means a continued increasing efficiency through 2050; whereas the 
improvement rate for most electric or hydro modes reach 0 percent by 2050. 

Electrification of Vehicles: For urban and rural passenger vehicles in 2050, 
the share of electric vehicles in each mode are: 40 percent for 2-3 wheelers, 9 
percent for cars (0 percent hydrogen car), 4 percent for buses (0 percent hydro-
gen car), and 90 percent and 67 percent for urban and rural trains, respectively.

For international travel, only passenger trains can have 50 percent electric by 2050.

For freight in 2050, electric vehicles’ share in each mode are: 10 percent for 
domestic light trucks, domestic and international heavy trucks; 60 percent for 
domestic and international trains; and 0 percent for ships and planes.
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APPENDIX 3. ENERGY DEMAND DIAGRAMS
The figures below from the online Global Calculator tool show how energy distribution changes with high and low electric vehicle uptake under the 6 degree energy 
scenario (these examples do not correspond directly to the UEMI). It shows that the model assumes much of the energy needed to meet the higher demand for electricity 
would come from coal power, which has high emissions as well as high energy losses due to low power plant efficiency.

Sankey Energy Diagram (6DS with low EV uptake)

Sankey Energy Diagram (6DS with high EV uptake)
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APPENDIX 4.  LEVEL DESCRIPTIONS AND VALUES

LEVEL LEVEL 1 LEVEL 2 LEVEL 3 LEVEL 4

Passenger 
demand

Very high growth in travel 
distance per person, with no 
efforts to constrain it.

This represents a situation 
where some action is taken to 
curtail growth in passenger 
distance traveled. Cities with 
established development 
patterns, as well as grow-
ing cities, pursue initiatives 
to reduce the need for travel 
throughout the city.

Cities with established 
development patterns, as well 
as growing cities, pursue 
initiatives to reduce the need 
for travel throughout the city 
via “smart” city planning. 
Global distance traveled per 
person increases, but less 
dramatically.

Cities make a significant effort 
to develop as transit-oriented, 
multi-use cities along with 
significant advances in com-
munication technologies. In 
“automobile cities” (such as 
Atlanta), travel distance would 
decrease under this scenario.

Freight 
demand

Very high growth in freight 
demand. Freight transport 
more than doubles between 
2011 and 2050.

Global freight continues to 
experience strong growth.

Under this scenario, freight 
demand does not rise as 
quickly. This could be due 
to “smarter” technologies 
or having more local freight 
distribution processes.

Global freight breaks its 
historically strong growth pat-
tern. While it still increases, 
there is much less correlation 
with global GDP growth. This 
could be driven by technol-
ogy improvements (e.g. 3D 
printers reducing the need 
for freight) or infrastructure 
investments. This could also 
be consistent with a world 
which has become less 
globalized and is increasingly 
manufacturing and consuming 
products more locally.

Mode Car use continues to increase 
with GDP, with particularly 
high increases in the develop-
ing world. No effort to reduce 
urban sprawl, or to invest 
in rail and public transport 
infrastructure.

Cities make an effort to shift 
trips to walking, cycling and 
public transport instead of by 
car. Some effort in logistics 
and rail infrastructure.

Cities make substantial effort 
to stem the shift toward cars 
and create incentives for walk-
ing, cycling, public transport, 
and 2-3 wheelers.

Cities make extreme effort to 
shift people away from private 
vehicles as well as reduce 
travel demand. This level rep-
resents extreme effort on rail 
infrastructure and logistics.

Occupancy 
and load

Under this scenario, people 
continue to prefer single-
occupancy driving, and public 
transport occupancy levels are 
relatively low. Car occupancy 
falls by 10 percent from 2011 
levels. This is similar to the 
level seen in Austria today.

Car occupancy remains at 
2011 levels, which is around 
the same as the occupancy 
seen in the United Kingdom 
today.

Vehicle occupancy increases, 
possibly driven by technol-
ogy, which makes car-pooling 
easier and which plans public 
transport logistics more 
efficiently. Car occupancy 
increases by 10 percent, 
while improved logistics and 
coordination improves freight 
load factors.

In level 4, regulatory con-
straints, costs, and smarter 
digital applications to coor-
dinate our car demand makes 
car pooling more attractive. In 
2050 car occupancy is 20 per-
cent higher than today and the 
average occupancy for other 
transport is also higher. With 
investment in logistics, load 
factors for freight increase by 
an unprecedented level.

Table A2  |  Level descriptions
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SCENARIO LEVEL 1 LEVEL 2 LEVEL 3 LEVEL 4

Car  
ownership

The average car travels 20 
percent fewer km than today, 
with little sharing or hiring 
of vehicles. Cars remain an 
important luxury item and 
people want to own their own 
car, even if they use it less due 
to increased congestion. There 
are no incentive systems to 
share your car with others.

The distance traveled per car 
is the same as today’s levels. 
Similar to today, car rental or 
sharing is a niche concept. The 
vast majority of cars remain 
privately owned and used.

The average urban vehicle 
travels twice as far in 2050 than 
in 2011 (rural vehicles travel 50 
percent of the 2011 distance). 
This would be a world where 
many people in urban areas 
share or rent cars, rather than 
owning their own vehicle. 
Incentives or high costs of 
owning a car may support the 
car-sharing communities, or 
there may be significant use of 
self-driving cars.

The average urban vehicle 
travels 260 percent further 
than 2011 (with rural vehicles 
traveling double the 2011 
distance). Car sharing and 
self-driving cars are probably 
a mainstream feature, and are 
optimized to make the best 
use of the system.

Efficiency This assumes less improve-
ment in efficiency than has 
been achieved over the last 
decades. For example, by 
2050 the average urban pas-
senger car (with an internal 
combustion engine) will use 
5.9 liters of fuel per 100km.

Level 2 assumes annual 
improvement roughly corre-
sponding with improvements 
achieved over the last de-
cades. For example, by 2050 
the average urban passenger 
car (with an internal combus-
tion engine) will use 5.3 liters 
of fuel per 100km.

Level 3 surpasses improve-
ment rates of the last couple 
of decades. For example, by 
2050 the average urban pas-
senger car (with an internal 
combustion engine) will use 
4.3 liters of fuel per 100km.

This scenario entails that cars, 
trucks, and trains would use 
only half as much fuel in 2050 
for the same distance traveled 
in 2011. For example, by 2050 
the average urban passenger 
car (with an internal combus-
tion engine) will use 3.6 liters 
of fuel per 100km.

Electrifica-
tion of 
vehicles

By 2050 the percentage of 
hybrid and electric vehicles 
remains low for passenger 
cars and heavy-duty vehicles 
buses, and decreases for 2-3 
wheelers. Few new technolo-
gies are adopted for ships or 
airplanes.

By 2050, there is an increased 
share of new technologies 
in the vehicle fleet. The 
percentage of hybrid and 
electric vehicles increases for 
passenger cars, buses, and 
2-3 wheelers.

By 2050 there is significant 
adoption of low emission 
vehicles. The percentage of 
hybrid, electric, and hydro-
gen vehicles increases for 
passenger cars, buses, and 
2-3 wheelers. In freight, new 
technologies are only barely 
starting to be adopted for 
ships or airplanes.

By 2050 there is major 
deployment of low emis-
sion vehicles. The percent-
age of hybrid, electric, and 
hydrogen vehicles increases 
dramatically for passenger 
cars, buses, and 2-3 wheelers. 
In freight, new technologies 
are starting to be adopted for 
around 10 percent of ships 
and airplanes.
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Table A3  |  Level values

LEVEL BASE YEAR 2050
IEA 6DS 2050 LEVEL 1 2050 LEVEL 2 2050 LEVEL 3 2050 LEVEL 4

Passenger demand

Average urban passenger distance 
per person (km/year)

9,187 12,072 13,292 12,396 11,933 11,533

Average rural passenger distance 
per person (km/year)

5,653 8,808 10,765 9,571 8,481 7,843

Average global passenger distance 
by flight or long-distance train 
(international) (km/year)

766 1,458 2,575 1,888 1,273 788

Freight demand

Total freight (Gton-km per year) 85,163 196,730 209,419 184,790 159,249 129,362

Average freight per person (ton-km 
per year)

12,225 20,600 21,900 19,300 16,700 13,500

Mode

Urban—% of domestic km 
traveled by car

38 49 65 53 43 29

Rural—% of domestic km  
traveled by car

45 55 62 59 49 42

International—% of km moved 
from planes to other modes of 
international travel

0 14.8 0 12 19 32

Occupancy and load

Average urban car occupancy 
(passengers per vehicle)

1.6 1.48 1.4 1.6 1.8 1.9

Average rural car occupancy 
(passengers per vehicle)

1.8 1.68 1.6 1.8 2 2.2

Average freight load factor— 
Domestic light truck (tons  
per vehicle)

0.24 0.248 0.24 0.26 0.29 0.31

Car ownership

Distance traveled by urban average 
car with internal combustion 
engine (km/year)

15,000 15,000 12,000 15,000 30,000 54,000

Distance traveled by rural average 
car with internal combustion 
engine (km/year)

15,000 15,000 12,000 15,000 22,500 30,000

Efficiency

Efficiency for passenger car with 
internal combustion engine (lge 
per 100 km)

8.6 5.66 5.9 5.3 4.3 3.6

Efficiency for car with electric 
engine (lge per 100 km)

2.4 2.16 2.2 2.1 1.9 1.7

Freight efficiency for domestic 
light truck (lge per 100 km)

10 7.18 7.9 6.1 5.1 4.5
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LEVEL BASE YEAR 2050
IEA 6DS 2050 LEVEL 1 2050 LEVEL 2 2050 LEVEL 3 2050 LEVEL 4

Electrification of vehicles

% urban passenger cars that are 
either hydrogen or electric

0 2 2 10 35 55

% urban passenger trains that are 
powered by electricity

90 90 90 95 97 100

% light freight vehicles with zero 
emissions (electric and hydrogen)

0 0 0 10 25 45

% light freight vehicles with zero 
emissions (e.g. hybrid)

0 5 5 10 15 20



WORKING PAPER  |  September 2016  |  37

Can Transport Deliver GHG Reductions at Scale?

REFERENCES
ATAG (Air Transport Action Group). 2013. “Reducing Emissions from
Aviation through Carbon-Neutral Growth from 2020.” Accessible at: https://
www.iata.org/policy/environment/Documents/atag-paper-on-cng2020-
july2013.pdf. (accessed November 10, 2015)

ATEC-ITS France. 2015. “Mobilité 3.0 Ensemble pour la mobilité
intelligente.” Accessible at: http://www.atec-itsfrance.net/userfiles/file/
Livre%20Vert%20Mobilite%203_0%20-%20ATEC%20ITS%20France.pdf.
(accessed January 15, 2016)

Bhattacharyya, S. C., and G.R. Timilsina. 2009. “Energy Demand Models for
Policy Formulation: A Comparative Study of Energy Demand Models.” World
Bank Policy Research Working Paper Series, Number 4866. Washington, DC:
World Bank.

C40. 2015. “C40 Clean Bus Declaration Urges Cities and Manufacturers to
Adopt Innovative Clean Bus Technologies.” Accessible at: http://www.c40
.org/blog_posts/c40-clean-bus-declaration-urges-cities-and-
manufacturersto-
adopt-innovative-clean-bus-technologies. (accessed March 31, 2016)

Chambliss, S., J. Miller, C. Façanha, R. Minjares, and K. Blumberg. 2013.
“The Impact of Stringent Fuel and Vehicle Standards on Premature Mortality
and Emissions.” International Council on Clean Transportation. Accessible 
at: http://www.theicct.org/sites/default/files/publications/ICCT_
HealthClimateRoadmap_2013_revised.pdf. (accessed June 1, 2016)

Clarke, Richard, Researcher, FIA Foundation. 2016. Personal communication.
March 9.

Climate Summit. 2014a. Low Carbon Rail Transport Challenge Action Plan.
Accessible at: http://www.un.org/climatechange/summit/wp-content/
uploads/sites/2/2014/07/TRANSPORT-Action-Plan-UIC.pdf. (accessed
October 24, 2015)

Climate Summit. 2014b. “Aviation Action Plan”. Accessible at: http://www
.un.org/climatechange/summit/wp-content/uploads/sites/2/2014/07/UN_
ICAO-ATAG-Agreement__2__action-plan.pdf. (accessed October 24, 2015)

Climate Summit. 2014c. “Urban Electric Mobility Initiative”. Accessible
at: http://www.un.org/climatechange/summit/wp-content/uploads/
sites/2/2014/09/TRANSPORT-Action-Plan-UEMI.pdf. (accessed
October 24, 2015)

CODATU (Coopération pour le Développement et l’Amélioration des
Transports Urbains et Périurbains). 2015. “Mobilise Your City.” Accessible
at: http://mobiliseyourcity.net/wp-content/uploads/sites/2/2015/09/
MobiliseYourCity-A3-BD-V2.pdf. (accessed March 20, 2016)

DECC (UK Department of Energy and Climate Change). 2015a. “Global
Calculator.” Accessible at: http://globalcalculator.org. (accessed
March 31, 2016)

DECC. 2015b. “Prosperous Living for the World in 2050: Insights from the 
Global Calculator.” Accessible at: https://www.gov.uk/government/uploads/
system/uploads/attachment_data/file/398596/Global_calc_report_WEB.pdf. 
(accessed March 31, 2016)

DECC. 2015c. “Costs in Global Calculator: Methodology Paper.” Accessible 
at: http://uncached-site.globalcalculator.org/sites/default/files/Global%20
Calculator%20costs%20 methodology.pdf. (accessed March 31, 2016)

DECC. 2015d. “The Global Calculator: About the Calculator.” Accessible at: 
http://globalcalculator.org/about-calculator. (accessed March 31, 2016)

ECF (European Cyclists’ Federation). 2015. “Cycling Delivers on the
Global Goals.” Accessible at: https://ecf.com/sites/ecf.com/files/The%20
Global%20Goals_internet.pdf. (accessed March 5, 2016)

Ensink, Bernhard, Secretary General, European Cyclists’ Federation. 2016. 
Personal communication. March 13.

ERC (UK Energy Research Centre). 2011. “TIAM-UCL Global Model
Documentation.” Working paper. Accessible at: https://www.ucl.ac.uk/
energy-models/models/tiam-ucl/tiam-ucl-manual.

European Alternative Fuels Observatory. 2016. “Netherlands.” Accessible at:
http://www.eafo.eu/vehicle-statistics/m1. (accessed April 20, 2016)

FIA Foundation. 2015. “50 by50: Global Fuel Economy Initiative.” Accessible 
at: http://www.fiafoundation.org/connect/publications/50by50-global-fuel-
economy-initiative. (accessed March 15, 2016)

Fulton, L., S. Yeh, G. Mishra, P. Kyle, D. McCollum, J. Miller, C. Façanha, 
F. Cuenot, and A. Körner. 2014. “International Transport/Energy Model 
Comparison Project (iTEM).” Davis: University of California, Institute of 
Transportation Studies.

GFEI (Global Fuel Economy Initiative). 2016. Fuel Economy State of
the World 2016. Accessible at: https://www.globalfueleconomy.org/
media/203446/gfei-state-of-the-world-report-2016.pdf (accessed
March 10, 2016)

GGCA (Galvanizing the Groundswell of Climate Actions). 2015. “Lima-Paris
Action Agenda Independent Assessment Report.” Accessible at: http://www
.climategroundswell.org/blog-test/lpaa/report. (accessed March 14, 2016)

Global Green Freight. 2015. “Global Green Freight Action Statement and 
Plan.” Accessible at: http://www.un.org/climatechange/summit/wpcontent/ 
uploads/sites/2/2014/07/INDUSTRY-Global-Green-Freight-Action-
Statement-and-Plan.pdf. (accessed March 15, 2016)

IATA (International Air Transport Association). 2009. “A Global Approach to
Reducing Aviation Emissions.” Accessible at: http://corporate.airfrance.com/
fileadmin/dossiers/img_rte_fr/IATA.pdf. (accessed November 10, 2015)

ICCT (International Council on Clean Transportation). 2012. “Global
Transportation Energy and Climate Roadmap.” Accessible at: http://
www.theicct.org/sites/default/files/publications/ICCT%20Roadmap%20
Energy%20Report.pdf. (accessed February 22, 2016)

IEA (International Energy Agency). 2005. “Overview of TIMES Modelling
Tool.” Accessible at: http://www.iea-etsap.org/index.php/etsap- tools/
modelgenerators/times. (accessed May 24, 2016)



38  |  

IEA . 2008. “Energy Technology Perspectives – Scenarios & Strategies to 
2050.” Accessible at: http://www.iea.org/media/etp/etp2008.pdf. (accessed
 October 24, 2015)

IEA. 2009. “Transport, Energy, and CO2.” Accessible at: https://www.iea.org/
publications/freepublications/publication/transport2009.pdf. (accessed
 October 15, 2015)

IEA. 2012. “Energy Technology Perspective – How to Secure a Clean Energy 
Future.” Accessible at: http://www.iea.org/etp/publications/etp2012/. 
(accessed October 15, 2015)

IEA. 2015a. “Energy Technology Perspective 2015 – Mobilizing Innovation to
Accelerate Climate Action.” Accessible at: http://www.iea.org/etp/etp2015/. 
(accessed January 28, 2016)

IEA. 2015b. “World Energy Outlook Special Briefing for COP21: Energy and 
Climate Change.” Accessible at: http:// www.iea.org/media/news/ WEO_
INDC_Paper_Final_WEB.PDF. (accessed October 29, 2015)

IEA. 2015c. “Global EV Outlook 2015.” Accessible at: http://www.iea.org/
evi/Global-EV-Outlook-2015- Update_1page.pdf. (accessed June 1, 2016)

IEA. 2016. “Global EV Outlook 2016: Beyond One Million Electric Cars.” 
Accessible at: http://www.iea.org/publications/freepublications/publication/
Global_EV_Outlook_2016.pdf. (accessed June 1, 2016)

ITDP and UC Davis (Institute of Transportation and Development Policy and 
University of California, Davis). 2015. “A Global High Shift Cycling Scenario: 
The Potential for Dramatically Increasing Bicycle and E-bike Use in Cities 
around the World, with Estimated Energy, CO2, and Cost Impacts.” Accessible 
at: https://www.itdp.org/wp-content/uploads/2015/11/A-Global-High-Shift-
Cycling-Scenario-_-Nov-12-2015.pdf. (accessed February 10, 2016)

ITF (International Transport Forum). 2012. “Transport Outlook 2012:
Seamless Transport for Greener Growth.” Accessible at: http://www.itf-oecd
.org/sites/default/files/docs/12outlook.pdf. (accessed April 4, 2016)

Kromer, Matthew A. 2007. “Electric Powertrains: Opportunities and
Challenges in the US Light-Duty Vehicle Fleet.” PhD diss., Massachusetts
Institute of Technology.

Lefevre, B., E. Cooper, and J. Pestiaux. 2015. “DECC Global Calculator:
Transport Sector Background Data and Methodology.” Washington,
DC: World Resources Institute. Accessible at: http://uncached-site.
globalcalculator.org/sites/default/files/GC Transport methodology.pdf.

LPAA (Lima-Paris Action Agenda). 2015. “About the Lima-Paris Action
Agenda.” Accessible at: http://newsroom.unfccc.int/lpaa/about/.

Lutsey, Nic, Program Director, International Council on Clean Transportation. 
2016. Personal communication, March 7.

Navigant Research. 2013. “Peak Cars.” Accessible at: https://www.
navigantresearch.com/webinar/peak-cars. (accessed July 15, 2013)

PIANC (World Association for Waterborne Transport Infrastructure) Think
Climate Coalition. 2015. “Navigating Climate Change.” Accessible at: http://
www.pianc.org/downloads/envicom/Think%20climate/NaCC%20Draft%20
Position%20Paper%20of%20PIANC%20coalition%20COP%2021%20
14%20October%202015.pdf. (accessed November 10, 2015)

PIARC (World Road Association). “Addressing Climate Change: A 
consolidated strategic direction for the world road Association.” Accessible 
at: http://www.piarc.org/ressources/documents/23762,PIARC-Initiative- 
COP-21-EN.pdf. (accessed November 15, 2015)

PPMC (Paris Process on Mobility and Climate). 2015a. “About PPMC.”
Accessible at: http://www.ppmc-transport.org/about/.

PPMC. 2015b. “Airport Carbon Accreditation.” Accessible at: http://ppmc-
cop21.org/airport-carbonaccreditation/. (accessed January 23, 2016)

Replogle, M., and L. Fulton. 2014. “A Global High Shift Scenario: Impacts
and Potential for More Public Transport, Walking, and Cycling with Lower
Car Use.” Accessible at: https://www.itdp.org/wp-content/uploads/2014/09/
A-Global-High-Shift-Scenario_V2_WEB.pdf. (accessed February 10, 2016)

Schipper, L., H. Fabian, and J. Leather. 2009. Transport and Carbon Dioxide
Emissions: Forecasts, Options Analysis, and Evaluation. Manila: Asian
Development Bank.

Searchinger, T., and R. Heimlich. 2015. “Avoiding Bioenergy Competition
for Food Crops and Land.” Accessible at: http://www.wri.org/publication/
avoiding-bioenergy-competition-food-crops-and-land. (accessed
March 10, 2016)

SE4All. 2014. “Global Energy Efficiency Accelerator Platform.” Accessible
at: http://www.se4all.org/sites/default/files/l/2014/08/Accelerator_Energy-
Efficiency-Overall.pdf. (accessed October 24, 2015)

Sims, R., R. Schaeffer, F. Creutzig, X. Cruz-Núñez, M. D’Agosto, D. Dimitriu,
M.J. Figueroa Meza, L. Fulton, S. Kobayashi, O. Lah, A. McKinnon, P.
Newman, M. Ouyang, J.J. Schauer, D. Sperling, and G. Tiwari. 2014.
“Transport.” In O. Edenhofer et al., eds., Climate Change 2014: Mitigation of
Climate Change. Contribution of Working Group III to the Fifth Assessment
Report of the Intergovernmental Panel on Climate Change. Cambridge, 
Cambridge University Press.

Taxis4smartcities. 2015. “Taxis4smartcities.” Accessible at: http://www.
taxis4smartcities.org/. (accessed March 15, 2016)

UIC (International Union of Railways). 2011. “Railway Statistics Synopsis.”
Accessible at: http://uic.org/IMG/pdf/synopsis_2011_in_pdf.pdf.
(accessed October 14, 2015)

UIC (International Union of Railways). 2015. “Railway Handbook 2015.”
Accessible at: http://www.uic.org/IMG/pdf/iea-uic_2015-2.pdf. (accessed
October 17, 2015)

UITP (International Association of Public Transport). 2015a. UITP website.
Accessible at: http://www.uitp.org. (accessed March 30, 2016)



WORKING PAPER  |  September 2016  |  39

Can Transport Deliver GHG Reductions at Scale?

UITP. 2015b. “Climate Action with Public Transport.” Accessible at: 
http://www.uitp.org/sites/ default/files/images/News/15-11-UITP-
Brochure-Climat24p-BAT.pdf. (accessed March 25, 2016)

UNEP (United Nations Environment Programme). 2015a. “Emissions Gap
Report.” Accessible at: http://uneplive.unep.org/media/docs/theme/13/
EGR_2015_ES_English_Embargoed.pdf. (accessed March 22, 2016)

UNEP. 2015b. “Global Green Freight Action Plan.” Accessible at: http://www.
unep.org/ccac/Events/ UNClimateSummit2014/ActionStatementSupport/
tabid/794296/Default. aspx. (accessed March 15, 2016)

UNFCCC (United Nations Framework Convention on Climate Change).
2015a. “Historic Paris Agreement on Climate Change.” Accessible at:
http://newsroom.unfccc.int/unfccc-newsroom/finale-cop21/. (accessed
January 7, 2016)

UNFCCC. 2015b. “Paris Declaration on Electro-Mobility and Climate Change 
& Call to Action.” Accessible at: http://newsroom.unfccc.int/media/521376/
pariselectro-mobility-declaration.pdf. (accessed May 2, 2016)

UN-Habitat. 2013. “Global Report in Human Settlements 2013.” Accessible
at: http://unhabitat.org/collection/grhs-2013/. (accessed March 20, 2016)

ZEV Alliance. 2015. “ZEV Alliance.” Accessible at: http://zevalliance.org/
sites/default/files/docs/ZEV_Alliance_COP_Announcement_FINAL.pdf.
(accessed March 20, 2016)

ENDNOTES
1. The Global Calculator is an engineering-based model; that is, it models 

the world’s energy supply and demand by modeling physical units such 
as land, cars, and power plants. The user chooses the characteristics, 
deployment, and use of these different technologies. It makes no as-
sumptions about the way people’s behavior changes in relation to supply 
and demand. It does not automatically optimize the energy system based 
on price or any other factor (DECC 2015d), though it does calculate a 
cost for each user-selected scenario.

2. The use of the 2 degree energy scenario only includes changes to energy 
assumptions. No changes are made to other assumptions to align with 
the 2 degree scenario.
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