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Scope of project

The project comprises two main streams: The ecological and economic assessment of alternative 
fuels and powertrains on the one hand, and the impact of these alternatives upon introduction into 
vehicle fleets on the other hand.

Goals and activities

Comprehensive life cycle assessment of bi-
ofuels and of hydrogen as energy carriers 
– in particular methane from wood and hydro-
gen produced by solar chemistry. 

Assessment of the whole ensemble of hy-
drogen production options – decentralized 
production of hydrogen at fuelling stations, and 
centralized production from fossil or renewable 
primary energies, including storage and distri-
bution via pipeline or truck delivery.

Assessment of the impact on atmoshere and 
climate. As a starting point, the hydrogen emis-
sions of present motor vehicles are determined 
by dynamometer tests, and are compared with 
field measurements of hydrogen in a freeway 
tunnel. Measurements of hydrogen emissions 
from fuel cell vehicles will then allow to upscale 
the emissions to entire vehicle fleets. Combined 
with results on the atmospheric chemistry of hy-
drogen, this will allow to assess the impact on 
atmosphere and climate.

Eco-efficient optionsin vehicle design. The 
introduction of alternative concepts such as fuel 
cell vehicles provides an opportunity to re-de-
sign the vehicle as an entity, rather than making 
incremental improvements starting from exist-
ing models. In order to evaluate the potential 
of large numbers of combinations of vehicle and 
powertrain innovations, a comprehensive set of 
criteria has been chosen. The output will allow 
the user to select eco-efficient options, with the 
relative weighting of different criteria.

Development of a system dynamical model. 
The decisions of individuals on the purchase of 
new vehicles are often dominated by non-eco-
nomic arguments. In order to capture the be-
haviour of important actors, a system dynami-
cal model has to be developed. The history of 
the introduction of diesel powertrains in Europe, 
and of natural gas cars in certain countries, has 
been chosen as the first application. The output 
of system dynamics, i.e. time-dependent cus-
tomer preferences, is being coupled with a fleet 
model for European countries, developed in col-
laboration with MIT. This tool will allow to assess 
the impact of various climate protection policies 
on fuel consumption and greenhouse gas emis-
sions of the European car fleet.

Bottom-up energy economic modelling. On 
a longer time horizon, scenarios for the cost-
optimum development of the European trans-
portation system are developed by detailed 
bottom-up energy economic modelling. The 
study confirms the crucial influence of prices of 
alternative powertrains on the success of their 
market introduction. In the scenarios, the time 
of market introduction, the initial price and the 
floor cost after technical learning (mass produc-
tion) are being varied. These studies provide im-
portant insights into the cost level that fuel cell 
systems will have to achieve if they are going to 
compete with the incumbent technology of the 
internal combustion engine.
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Main scientific results

Life cycle analysis (ETHZ, PSI)

Ecological impacts and economic competitive-
ness of hydrogen produced by concentrated 
solar technologies have been compared with 
conventional production methods and alterna-
tive renewable pathways based on water elec-
trolysis using electricity from solar thermal, PV, 
wind, and hydro power plants. A well-to-wheel 
(WTW) analysis has been conducted for produc-
tion, transport, and usage of hydrogen in future 
passenger car transportation systems. 

In general, the battery electric vehicle (BEV) 
shows the lowest GHG emissions because of its 
higher energy conversion efficiency compared to 
the fuel cell vehicle (FCV). The best performers 
are BEVs using hydro, nuclear, and wind power 
locally produced in Switzerland. Concentrating 
solar power (CSP) technologies employed in 
Southern Spain reduce GHG emissions for the 
production and supply of hydrogen by a factor of 
7–14 vis-à-vis steam methane reforming (SMR) 
and advanced coal gasification (CGA), respec-
tively, resulting in 50–70 % CO2 savings in a 
FCV. Total environmental impact of passenger 
car transportation can be reduced by replacing 
advanced gasoline vehicles with FCVs powered 
by hydrogen from CSP.

High capital investments for heliostat field in-
frastructure and long-distance transport result 
in 2.5–5.5 times higher hydrogen production 
and supply costs for solar scenarios compared 
to conventional SMR (4 US$/kg H2 in car tank). 
Total transportation costs may increase by 
0.20–0.25 US$/km for a FCV powered by solar 
hydrogen compared to an internal combustion 
engine (ICE) vehicle using gasoline. 

Eco-efficiency is low for all solar hydrogen pro-
duction technologies, since their relatively high 
costs are not outweighed by their environmental 
benefit, unless ecological aspects are stronger 
weighted than economics.

Hydrogen in the atmosphere (Empa)

Atmospheric H2 has been measured quasi-con-
tinuously over a period of more than two years 
in Dübendorf, Switzerland, to study its sources 
and sinks in a suburban environment. 

The measurements show pollution levels of H2 
up to ~1500 ppb (parts-per-billion, 10-9), which 
equals to ~3 times the levels of the «unpol-
luted» troposphere. H2 also correlated strongly 
with carbon monoxide (CO), another combustion 
product. With pollution events removed, no sig-
nificant long-term trend of atmospheric H2 could 
be detected, a result that adds to the current 
debate on a potential trend in atmospheric H2 
over the past decade. The Dübendorf time series 
shows nicely a summer and early fall drawdown 
in H2 due to seasonal enhancement of two major 
sinks, the tropospheric OH activity, and the yet 
poorly understood soil sink. 

A tunnel study in Gubrist Tunnel (Switzerland) 
has been conducted to determine road vehicle 
emission factors for H2 (and CO and CO2) under 
highway driving conditions. Mean emission fac-
tors for H2 were found to be 49.7 (± 16.5) mg 
km–1 and were enhanced for congested traffic. 
The results of the study were extrapolated to 
yearly traffic-related H2 emissions for Switzer-
land (5.0 – 6.6 Gg) and on a global basis (4.2 
– 8.1 Tg) using different, nearly independent 
approaches. It also showed a downward trend 
in H2 emissions over the next years, which is 
attributed to improved exhaust-after-treatment 
technology.

Exhaust emissions from various vehicle types 
were measured at the Empa dynamometer 
test stand. As expected the diesel-powered car 
showed very low H2 emissions after the initial 
start-up period, whereas emissions of motor-
cycles have particular peak values also during 
normal driving cycles. The origin of these spikes 
awaits further examinations. Diffusive emissions 
were determined for the hydrogen-fueled vehi-
cle in addition to exhaust emissions. 

Continuous H2 measurements from the high al-
pine observatory at Jungfraujoch, Switzerland 
are processed and interpreted to understand 
trends and seasonality of H2 in the atmosphere 
and to assess upwind emissions from techno-
logical processes. 

Heuristic vehicle design (PSI)

The commercial powertrain simulation software 
CRUISE from AVL was selected to perform this 
research. The model was validated in four ways: 
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from literature, using driving data provided by 
AVL, by collecting real-world driving data and 
simulating the vehicle on the same route, and 
by comparing simulated vehicle performance to 
Empa dynamometer driving data.  The results 
showed agreement between measured and sim-
ulated values as close as 1 %, and not worse 
than ~20 %.

Data was also obtained for several important 
powertrain components.  A model of plug-in and 
fuel cell hybrid vehicles was prepared to exam-
ine the synergies and competitions that exist 
between these two advanced vehicle technolo-
gies.

The framework for an online data collection tool 
called «CARtography» has been laid out. It will 
allow users to accurately estimate their fuel use 
for a trip entered in the Google™ maps applica-
tions programming interface.  The expectation 
is that the registered users will provide useful 
fuel consumption data while using the tool to get 
information about their trip costs.  

Dynamics of transportation technology de-
velopment (PSI)

The simulation experiments give evidence that 
substitution processes between different drive 
train technologies may be much faster than 
historical diffusion rates of conventional drive 
trains, under the assumption that strong prefer-
ence changes will be triggered by the upcoming 
energy and climate challenges.

Also, aggressive substitution scenarios towards 
alternative drive train technologies seem to be 
more promising in the long run than aggres-
sive promotion of improved conventional drive 
train technologies with respect to CO2 reductions 
goals.

The policy and scenario analyses for different 
European countries give evidence that their fu-
ture fleet diffusion behaviour may be very het-
erogeneously depending on country specific sce-
nario and policy conditions. Similarly, the future 
European automotive fleet development with re-
spect to the uptake of different alternative drive 
train technologies may differ significantly from 
the USA development path.

Energy-economic modelling of hydrogen-
related issues (PSI)

Main findings to date indicate that hydrogen 
as well as biofuels could contribute to reducing 
CO2 emissions on a European scale. One deci-
sive factor affecting the role of hydrogen is the 
ultimately achievable cost of fuel cell technolo-
gies. The earlier fuel cell manufacturing costs 
can be reduced, the more prominent the role 
that hydrogen can play in the European trans-
port sector.

Secondly, it was found that more stringent CO2 
reduction targets favour an increasing use of 
hydrogen. Again, a decisive factor for the ap-
plication of hydrogen fuel cell vehicles is that 
fuel cell costs are reduced to competitive levels. 
However, under more stringent CO2 targets, our 
modelling shows fuel cell vehicles can become 
cost-competitive even under less optimistic esti-
mates of the ultimately achievable fuel cell pro-
duction cost. For biofuels our modelling analysis 
shows that the limited European biomass poten-
tial means that biomass is rather utilized for de-
carbonization of other sectors. Despite this gen-
eral finding, we see that biofuels can still act as 
a bridging fuel in the transition to a low-carbon 
transport sector until competitive fuel cell costs 
are reached. 

The analysis of the cost of hydrogen produc-
tion shows that hydrogen from fossil fuels can 
be expected to dominate hydrogen production 
for the years to come. Coal gasification as well 
as natural gas reforming were identified as the 
most cost-effective means of producing hydro-
gen, even if accounting for the cost of carbon 
capture and storage. Naturally, increasing fossil 
fuel costs or rapid progress of other hydrogen 
production technologies could alter this picture 
in the long-run.

For the delivery of hydrogen to fueling stations, 
it was found that even though pipeline delivery 
is the cheapest option, delivery of liquid hydro-
gen by truck is a cost-competitive possibility. 
Without substantial hydrogen demand in place, 
the latter could be the option of choice for early 
phases of a hydrogen economy due to its higher 
flexibility with regard to the location of hydrogen 
demand centres. 	
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