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From the Chairman

From the  
Chairman
The research programme E4 Mistra aims to contribute to the environ-
mental adaptation of road transport. More precisely it aims at reducing 
emissions from a diesel truck and at the same time improve the mileage 
of the vehicle. The programme has had a diesel engine at its focus but has 
not worked with the engine itself but with its aftertreatment systems 
for heat recovery, catalytic conversion of exhaust gases and particle fil-
tration. A range of potentially interesting phenomena and technologies 
has been studied in close collaboration between industrial companies 
and university institutions. The results have been tested under realistic 
conditions in Volvos engine laboratory. Research engineers from the 
companies and scientists from the universities have worked together 
under a programme management from Volvo.

The programme has had many effects. Like most Swedish competence 
centres the programme has given new scientific knowledge published 
in journals and at conferences. The programme has also contributed to 
the education foremost at the master and doctor levels. Participating 
PhD students have together studied a number of courses related to the 
subject of the programme, which has created personal contacts of great 
importance in the future. Through the coupling to the application in 
focus and the possibility to test the results in a real engine scientists as 
well as PhD students had the opportunity to follow their results further 
than is normally the case. 

The effects of the programme in the participating companies have 
reportedly been larger than normal as a result of their deep involvement 
and active participation. Some say they have come in contact with new 
markets. Others have found new ideas for products. Some appreciate 
their increased awareness of alternative technologies of potential use to 
their company. A few potential products have actually resulted, which 
is rather unusual in research programmes of this kind.

Thomas Johannesson
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The programme has worked within one of the Grand Challenges within 
Mistras domain, namely the climate and energy problems. The pro-
gramme is unique in many ways. Firstly in that an apparatus central 
in the environmental debate has been put in focus. Secondly in that 
university scientists and industrial researcher engineers have collab-
orated very closely around this focus. Thirdly in that knowledge and 
experience gained have been possible to test close to reality in Volvos 
lab. The exchange between scientists and engineers has become very 
tight and mutual trust and respect has developed. 

The programme management has also had unique features. The pro-
gramme has been led according to what may be called an industrial 
manner with detailed time plans and checkpoints. This could have suffo-
cated the innovative creativity expected from the university participants 
but the programme managers have beside their industrial experience 
also had a solid own experience from the academic world and has there-
fore been able to bring out the best from university scientists as well as 
industrial research engineers. 

We need to congratulate the initiators, Volvo and Mistra, the pro-
gramme managers Heije Westberg, Jonas Edvardsson and Jazaer 
Dawody and all participants to a bold programme and successful imple-
mentation.

Thomas Johannesson
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Background
Energy consumption in the transportation sector has been increasing 
steadily during the last decades and the increase is expected to continue 
during the coming decades. The transport sector accounted for almost 
27% of the global total final energy consumption in 2011, and 62% of 
final oil consumption where about 94% of the transportation energy was 
used in road transport by cars and trucks [1]. These vehicles are almost 
solely powered by the combustion of petroleum products derived from 
conventional crude oil in Internal Combustion Engines (ICE) resulting 
in the formation of greenhouse gases (GHG), primarily CO2, and haz-
ardous emissions such as nitrogen oxides (NOx) and particulate matter 
(PM) [2]. In Europe, about a quarter of GHG emissions come from the 
transport sector where the road transport alone contributes to about 
20% of the EU's total emissions of CO2. In U.S., the transportation sector 
accounts for 70% of U.S. oil consumption and 30% of U.S. greenhouse gas 
emissions [3]. Factors such as oil peak, volatile oil prices and expectations 
of relatively sustained high oil prices, alongside environmental issues 
related to GHG and hazardous emissions produced from the combustion 
of petroleum-based fuel have driven a growing number of national gov-
ernments and official authorities to regulate the hazardous emissions 
and define targets and strategies to reduce the GHG emissions from the 
transport sector. The European commission has set ambitious climate 
and energy targets, the so-called 20-20-20 targets to ensure that the 
union will meet these targets by 2020. These targets are: (i) 20% reduc-
tion of greenhouse gas emissions in relation to 1990 emissions level; (ii) 
20% of energy comes from renewables, and (iii) 20% increase in energy 
efficiency [4]. Similar to Europe, U.S. authorities have defined targets 
and set strategies to reduce the U.S. dependence on petroleum-based 
fuels mainly via vehicle efficiency increase, electrification of the light-
duty vehicle fleet and deployment of alternative hydrocarbon fuels. 
Other nations are either using own established targets and strategies 
or following European or American models. The success in achieving 
these strategies will require technology, policy, and time to develop 
and implement the novel technologies. Strategies to reduce GHG and 
hazardous emissions from on-road vehicles are described below: 

Fleet Electrification
Fleet Electrification is classified as a near- to mid-term strategy for 
reducing oil consumption of the light-duty vehicle fleet. With further 
technology progress and infrastructure development, fleet electrification 
can decouple light-duty vehicles from oil in the long term. Fleet electri-
fication will not diminish the GHG emissions if the electricity supply 
originates from fossil sources. However, electrification has the advan-
tage of emissions centralisation from many individual mobile sources, 
providing the possibility to lower harmful emissions. This is because 
pollution controls on a single power plant are more feasible and effective 
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than controls on individual cars [2]. Growth in clean-electricity supply 
will further diminish the environmental impacts of light-duty vehicles.

Vehicle Efficiency optimization
Vehicle efficiency optimization is the most effective near- to mid-term 
strategy for reducing oil consumption in the transportation sector. 
There are several credible pathways for improving engine and vehicle 
technologies for a wide range of on-road vehicles, including light- and 
heavy-duty vehicles, conventional and hybrid vehicles. Variable Valve 
Timing (VVT), and direct injection technology for spark ignition engines 
and intake charge boosting are some of the approaches that are used 
to improve thermal efficiency of on-road vehicles [2]. Other thermal 
efficiency approaches that are attracting researchers’ interest in the 
area of advanced combustion regimes are Homogeneous Charge Com-
pression Ignition (HCCI) and Pre-mixed Charge Compression Ignition 
(PCCI). However, these techniques require complex engine designs, 
control architectures and a significant increase in hardware costs [5]. A 
complementary approach to increase the thermal efficiency of vehicles 
is recuperation of the heat evolved during the fuel combustion process 
which is dissipated into ambient environment primarily through coolant 
system and exhaust systems. Waste heat recovery (WHR) approaches 
that have received attention over the years are Rankine cycle (RC) and 
thermoelectric generator (TEG) systems [5]. RC is a thermodynamic 
cycle which converts heat into work where the heat is supplied to a closed 
circuit system that typically uses water or organic liquids as the working 
medium, and the thermoelectric generators are devices that convert 
temperature differences directly into electrical energy, using a form 
of thermoelectric effect in some semiconducting materials. While the 
TEG technology is paving the way toward market penetration, the RC 
has already reached an acceptable level of maturity and has been applied 
to waste heat recovery for many years. For automotive application, RC 
systems become more attractive if it could be possible to downsize the 
system and reduce the system cost without significant performance 
losses. With these systems, fuel economy improvements around 10% 
could be feasible. 

Alternative Hydrocarbon Fuels
Liquid hydrocarbon fuels will remain as an important energy source 
for the transportation sector for the foreseeable future. Although the 
demand for gasoline for light-duty vehicles might be reduced due to 
improved vehicle efficiency and successful electrification techniques, 
liquid fuels will continue to be necessary for heavy-duty vehicles, as well 
as for aerospace and marine applications. Despite dominance of petro-
leum-derived hydrocarbon fuels, implementation of some alternative 
fuels is progressing opening the path for possible market penetration of 
alternative fuels (e.g. ethanol in Brazil and the United States, synfuels 
in China and South Africa, and CNG in the Pacific region) [2]. While 
some of the alternative fuels originate from none-renewable sources 
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and still contributes to the formation of the anthropogenic CO2, biofuels 
are produced from completely renewable sources such as conventional 
crop-based carbohydrates or lipids, cellulosic feedstocks and non-land 
based organisms. These feedstocks are converted into a range of fuels 
through various pathways. However, obstacles such as water and land 
requirements, interactions with food complicate the deployment of 
crop-based biofuels at material scales, driving research into alternative 
feedstocks. Novel liquid fuels that are chemically similar to those refined 
from petroleum can be derived from both biological and fossil feedstocks 
and can be more easily introduced into the markets through the existing 
pipeline and retail infrastructure than corrosive fuels such as alcohols 
that must be blended with logistic fuels or modified making them suitable 
for storage and transportation in the existing fuelling infrastructure. 
It is worth to mention that alternative hydrocarbon fuels vary in their 
environmental impacts, where the GHG emissions from some fuels are 
less than those from conventional fuels, while others are higher. 

Exhaust Aftertreatment
Focusing on meeting the ultra-low NOx levels associated with the emis-
sion standards, diesel engines require significant in-cylinder control and 
efficient NOx aftertreatment. Similarly, control of engine-out particulate 
matter (PM) requires both an optimized combustion system in order to 
limit engine-out smoke levels, and an efficient diesel particulate filter. 
On top of hardware requirements, efficient operation of the NOx and PM 
aftertreatment requires engine control and thermal management which 
includes a sophisticated control of exhaust temperature, mass flow rate 
and oxygen content. Thermal management is very essential for engine 
integration with the aftertreatment, and allows both the DPF and the 
selective catalytic reduction (SCR) catalyst to operate at peak efficiency 
over a wide range of duty cycles. 

For phase II of the E4 Mistra programme, the research within WHR 
continued with TEG technologies and biofuels were tested as reducing 
agents for NOx reduction and fuel reforming for hydrogen generation. 
Further, the PM filtration capacity of the E4 Mistra particulate filter 
was evaluated with biofuels used as engine fuel.

1. http://www.iea.org/publications/freepublications/publication/IEA_EnergyEfficien-
cyIndicatorsFundamentalsonStatistics.pdf.

2. Quadrennial Technology Review, U. S. Department of Energy. 2011.

3. Knittel, C.R., Reducing Petroleum Consumption from Transportation. Journal of 
Economic Perspectives, 2012. 26: p. 93–118.

4. Koebel, M., M. Elsener, and G. Madia, Recent Advances in the Development of Urea-
SCR for Automotive Applications. SAE Technical Paper, 2001(2001-01-3625).

5. Arcoumanis, C., et al., Effect of EGR on Spray Development, Combustion and Emis-
sions in a 1.9L Direct-Injection Diesel Engine. SAE Technical Paper 952356, 1995.
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A unique system approach is applied in this programme to reach the 
goals of energy efficiency and low emissions. The high energy efficiency 
is achieved by heat recuperation, on-board hydrogen production for 
use in both an auxiliary power unit and for NOx reduction and by find-
ing new solutions for making the after-treatment system active at low 
exhaust temperatures. To reach low particulate emissions a sintered 
metal particulate filter is developed. Low NOx emissions are achieved by 

an efficient NOx reduction catalyst.
The system is based on four tech-

nological advances: Thermoelectric 
materials for heat recuperation, cata-
lytic reduction of NOx over innovative 
catalyst substrates using hydrocar-
bons from the fuel and H2 from a high 
efficiency fuel reformer, and partic-
ulate filtration over a porous metal 
filter. Figure (1) illustrates how the 
individual components can be con-
nected in an integrated system.

The program is organized in four 
technology areas (Hydrogen assisted lean NOx, thermoelectric waste 
heat recovery, metal powder filter and system integration) and eight 
component projects. Each component project is important for the inte-
grated result. To achieve smooth interfaces between the components, 
the project participants meet frequently to discuss the entire system. 
In this way, the programme represents an interdisciplinary approach to 
advance present technology. This report briefly describes the progress 
during the 2nd phase of the E4 Mistra programme. 

Hydrogen assisted  
lean NOx reduction
The aim of the technology is to reduce NOx from lean exhaust gases 
using the fuel as reducing agent, so called hydrocarbon selective cata-
lytic reduction (HC-SCR). Today, urea is used as the reducing agent in 
commercial systems (NH3-SCR). In order to reach high NOx reduction 
in the HC-SCR system hydrogen is added to the feed before the HC-SCR 
catalyst. The hydrogen is produced on-board in a catalytic fuel reforming 
system. The hydrogen can potentially also be used as fuel in an auxiliary 
power unit (APU), producing electricity. To meet the future emission 
legislations and to decrease the carbon footprint the system is designed 
for alternative fuels, i.e. biodiesel.

Figure 1
Relation between the different  
components in the program.

Hanna
Härelind

Lars  
Pettersson



Report Phase II 2010–2014

10

E4 Mistra

The programme

Development of lean  
NOx reduction catalyst
In the beginning of the project, silver-alumina was identified as a poten-
tial catalyst candidate for lean NOx reduction and we have, thus, focussed 
on this type of system. In order to develop an efficient catalyst we have 
used a combination of experimental and theoretical techniques. Three 
different wet-chemical methods for catalyst preparation have been 
employed, one of which has been developed during the course of this proj-
ect. The catalyst samples have been thoroughly characterized concerning 
e.g. surface area and composition, silver phase and particle size, catalytic 
activity for NOx reduction and ageing stability. Several reducing agents, 
both model hydrocarbons and possible future fuels, like methanol, have 
been evaluated for lean NOx reduction over Ag-alumina catalysts. The 
enhancing effect by addition of small amounts of hydrogen on the SCR 
reaction has been investigated, and a transient kinetic model including 
this effect has been developed. Furthermore, the combination of in situ 
FTIR spectroscopy and DFT calculations has been used to character-
ize NOx-species on the surface of a model Ag/α-alumina catalyst. This 
method offers a unique possibility to reach a deep understanding of the 
catalytic processes. All together, the results from these activities have 
contributed to the development of a catalyst formulation for which up to 
80–90% NOx conversion is demonstrated for simulated exhaust gases, 
using n-octane as reductant and adding hydrogen. 

Development of fuel reformer  
techno logy and fuel reformer catalyst 
The research activities in the beginning of the project were focussed on 
fuel reformer technology development. KTH Royal Institute of Technol-
ogy, together with Volvo Technology Corporation and Volvo PowerCell, 
successfully developed a fuel reformer, operating reliably with low fuel 
slip. The cooperation resulted in two patents; (Lindström et al., 2014) and 
(Lindström et al., 2010, pending). During the development of the tech-
nology extensive work on both fuel injection and reactant mixing prior 
to the actual catalyst was performed. In connection with the technology 
development a modelling study of a 5 kW scale autothermal diesel fuel 
reformer was performed in cooperation with Chalmers University of 
Technology. The influence of various process parameters for fuel reform-
ing, steam-to-carbon-ratio, oxygen-to-carbon ratio and temperatures 
was studied in full scale. In addition, various fuels have been evaluated 
for autothermal reforming, e.g. n-tetradecane, jet fuel, ethanol, metha-
nol, DME, E85, gasoline, low-sulphur diesel and Fischer-Tropsch diesel.

In the later phase of the project the focus was shifted more towards 
development of catalytic materials. Here different strategies for coating 
were studied, e.g. zone-coated rhodium-based catalysts together with 
different preparation methods. The influence of support materials, such 
as oxides of aluminium, cerium, zirconium, silicon and titanium has 
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been evaluated. Further technology development was also performed 
in close cooperation with Karlsruhe Institute of Technology (KIT), in 
Germany. The cooperation led to the design and evaluation of a micro 
reactor with multiple air inlets.

Furthermore, the possibility to decrease the rhodium loading has 
been studied by promoting the fuel reforming catalysts with various 
metal oxides (cobalt, lanthanum and manganese). In this study exten-
sive material characterization was included to elucidate how catalytic 
materials changed with time on stream and how that affected activity, 
selectivity and durability. The results from this study showed that it is 
possible to achieve 95 % fuel conversion with high selectivity towards 
hydrogen formation even after extensive aging using a promoted catalyst 
with low rhodium loading.

Integrating fuel reforming  
and lean NOx reduction
In order to further investigate the two systems described above, they 
have been combined and evaluated as one unit, aiming to illustrate the 
effects of a completely integrated system with both HC-SCR and fuel 
reformer. The combined study ranges from bench-scale reactor (BSR) 
experiments, with simulated exhaust gases, to pilot-scale reactor (PSR) 
experiments using real engine exhaust gases. As a result, the study gives 
an excellent link between laboratory results and applied engine results, 
showing fuel reforming as a viable concept for on-board hydrogen pro-
duction. 

The NOx reduction activity for a HC-SCR catalyst (4 wt.% Ag sup-
ported on Al2O3, doped with 100 ppm Pt) was initially investigated in the 
BSR setup, using hydrogen-rich gas from a fuel reformer. Prior to these 
experiments the activity and durability of the fuel reformer catalyst (3 
wt.% Rh/CeO2-ZrO2) was investigated, ensuring a reliable and stable 
supply of hydrogen. 

The experiments were performed at four hydrogen concentrations 0, 
1000, 1500 and 3250 ppm H2. The promotional effect from adding hydro-
gen is clearly seen (Figure 2, top panel). In addition, it can be observed 
that the effect of adding hydrogen is not proportional to the H2 concen-
tration. The improvement in NOx reduction is most prominent at low 
temperatures and decreases as the temperature increases, and the effect 
is negligible for temperatures above 400 °C. When hydrogen is added the 
NOx conversion increases from 13 % to 68 % with an addition of 3250 ppm 
H2 and the catalyst shows a distinct change in activity with increasing H2 
concentration. The unusually high low-temperature activity, observed 
during the BSR experiments (~70 % below 300 °C with 3250 ppm H2 from 
reformate) is likely owing to hydrocarbon species in the hydrogen-rich 
gas from the fuel reformer. In conclusion the HC-SCR catalyst displays 
both a high over-all NOx reduction and a significant variation in the 
promotional effect, depending on hydrogen concentration. 

In the PSR setup the HC-SCR catalyst was exposed to close to real 
operating conditions, with exhaust gases generated by a gen-set engine 
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(DX 6000 TE XL C, Yanmar). The 
fuel used in the reformer and as 
reducing agent was commercial 
biodiesel (NExBTL). The HC-SCR 
catalyst was evaluated, using both 
bottled hydrogen (Figure 2, bottom 
panel) and hydrogen from the fuel 
reformer (Figure 2, bottom panel). 
The bottled hydrogen was intro-
duced at three concentrations 
(~1400, ~2800 and ~7000 ppm) 
and the hydrogen from the fuel 
reformer was introduced at two 
concentrations: one low (~1200 
ppm) and one high (~2000 ppm). 
The NOx reduction was calculated 
by analysing the total NOx concen-
tration, upstream and downstream 
the HC-SCR catalyst, with an FTIR gas analyser. The C/N ratio was 
approximately 4, in order to reduce the adsorption of diesel residues 
on the HC-SCR catalyst. At higher C/N ratios, a slow decrease in NOx 
reduction could be monitored over time. This behaviour was the reason 
why no reliable data could be collected without hydrogen addition to 
the exhausts. 

As no data are available for conditions without hydrogen, the actual 
promotional effect cannot be determined. However, a more than double 
increase can be observed when adding 7000 ppm H2 cf. to 1400 ppm H2 
(Figure 2, bottom panel, solid markers). When using hydrogen produced 
in the fuel reformer, the same trend can be observed, however the high 
hydrogen level displays an improved NOx reduction activity for the entire 
temperature range, i.e. also at higher temperatures. 

The results from the two different reactor scales show similar trends. 
The NOx reduction activity is significantly increased with addition of 
hydrogen at low temperatures and as the temperature is increased the 
promotional effect is less pronounced (Figure 2) with no statistical dif-
ference above 350 °C. The effect seen in the BSR experiments, with 
enhanced low-temperature NOx reduction with hydrogen supplied from 
fuel reformer cf. bottled hydrogen, is not as prominent in the PSR exper-
iments. The effect is however still visible to a moderate degree at some 
conditions.

It is clearly illustrated in the integrated systems studies that it is vital 
to evaluate the HC-SCR catalysts in combination with a fuel reformer 
at real conditions, due to the effects of the hydrogen-rich gas from the 
fuel reformer. It further illustrates that adding hydrogen-rich gas from 
a fuel reformer results in a higher NOx reduction cf. to the same amount 
of hydrogen from bottle, seen in both bench scale experiments and pilot 
scale experiments. The increase in NOx reduction activity is likely owing 
to the reactive HC species in the hydrogen-rich gas in combination with 
the hydrogen. It is worth noticing that 40% NOx reduction was achieved 
with 2000 ppm H2 originating from the fuel reformer cf. to 2800 ppm 

Figure 2
NOx reduction results for a 4 wt.% Ag 
catalyst supported on Al2O3, doped 
with 100 ppm(w) Pt. Top panel: 
Bench-scale reactor experiments 
where hydrogen concentrations are 
denoted as 0 ppm (■), 1000 ppm (●), 
1500 ppm (▲) and 3250 ppm (▼). 
Inlet gas composition: 200 ppm NO, 10 
vol.% O2, 5 vol.% H2O, and N2,balance 
with NExBTL as reducing agent. The 
C/N molar ratio was 6 and GHSV = 
33,200 h-1. Bottom panel: Pilot scale 
reactor setup with bottled hydrogen 
(solid markers) and hydrogen from a 
fuel reformer (open markers). Bottled 
hydrogen concentrations are denoted 
as ~1400 ppm (●), ~2800 ppm (▲), 
~7000 ppm (▼). Hydrogen was 
supplied from the fuel reformer at a 
low concentration (~1200 ppm, ○) and 
a high concentration (~2000 ppm, ◊). 
Inlet gas composition: ~420 ppm NOx, 
~10 vol.% O2, ~5 vol.% H2O, N2,balan-
ce and NExBTL as reducing agent with 
a C/N molar ratio of ~4 and GHSV ~ 
22,300 h-1.
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H2 needed from bottle to reach the same NOx reduction. At real engine 
exhaust conditions the HC-SCR catalyst showed a NOx reduction of ~60 % 
in the pilot-scale reactor setup with 7000 ppm H2 (bottle) at 275–300 ˚C

Additionally, it was discovered that the injection temperature for 
the reducing agent is crucial. The reason is that the fuel decomposes to 
non-active carbon species e.g. CO, CO2, and CH4 at elevated temperatures 
(figure not shown).

This work gives a unique approach to an improved understanding of 
the total hydrogen assisted lean NOx reduction system. It covers the 
development of catalytic materials evaluated in controlled bench-scale 
experiments, followed by integrated bench-scale experiments of the lean 
NOx and fuel reformer to a final evaluation of the integrated system in an 
engine bench reactor setup. Therefore, this study proves a viable concept 
for lean NOx reduction together with on-board hydrogen production.

The work in the “Hydrogen assisted lean NOx reduction”  
technology area was mainly performed by:

Moa Granlund (PhD student) and Lars Pettersson (project manager)  
at KTH and Fredrik Gunnarsson (PhD student) and  
Hanna Härelind (project manager) at KCK/Chalmers.

Metal powder filter
Diesel engines are recognized as energy efficient combustion engines. 
However, the emissions contain undesirable amounts of particulate 
matter (PM) and nitrogen oxides (NOx), which makes it necessary to 
install aftertreatment systems to fulfil the emission standards for 
mobile applications. Additionally, if a substantial reduction of fossil 
carbon dioxide emissions is requested an efficient way is to switch to 
renewable fuels, e.g. biodiesel. However, the problems with PM emis-
sions from ordinary petrochemical diesel engines will also remain for 
the future potential liquid biodiesel fuel. Since particulate matters are 
associated with negative health effects such as lung cancer, asthma, 
heart attacks etc as well as the impact on global warming, because black 
carbon is now suspected to cause warming in similar range as carbon 
dioxide and methane, the demands on efficient future diesel particulate 
filtration will be stringent. Biodiesel fuels can be made from various 
renewable sources, e.g. vegetable oil. In the process, residual amounts 
of sodium, potassium and calcium or magnesium are left behind in 
the fuel. These metallic fuel contaminants are converted to oxides, 
sulphates, hydroxides and/or carbonates in the combustion process 
and form an inorganic ash residue that can be deposited in the exhaust 
aftertreatment system, specifically in the diesel particulate filter (DPF). 
Unlike the soot, this ash cannot be burned off and thus remains in the 
filter during normal operation. For medium and heavy duty truck oper-
ation, it is estimated that a B20 fuel (20% biodiesel in regular diesel) 
approximately doubles the ash amount compared to engine operation 
using 100% regular diesel. Using pure biodiesel would lead to a six-fold 
increase in ash, resulting in a build-up of pressure drop with associated 

Per-Olof
Larsson
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fuel penalty and an unacceptably high service interval for the closed 
channel based ceramic DPFs mainly used today.

In the E4 Mistra project a DPF design, with the potential to accumulate 
more ash than the existing closed channel based ceramic filters, has been 
developed by Höganäs AB and Volvo technology AB. It is a cross flow filter 
design, made from sintered porous metal powder sheets in between cor-
rugated solid stainless sheets twisted 90° every second layer (Figure 3), 
with an ashtray to collect non-combustible inorganic residue. Prototypes 
around two liters, based on the developed design, have been constructed 
and tested in real exhaust gases in engine bench tests and on a 5 kW 
gen-set at Volvo technology AB. In the first prototypes filtration efficien-
cies up to 98–99% were obtained at steady state operation. However, in 
more detailed testing at high soot loadings and high pressure drops an 
increased slip was observed giving a filtration efficiency down towards 
94–95%. The sealing of the filter stack had to be improved because so 
far the porous and solid corrugated sheets only had been connected by 
a mechanical load on the stack. However, in later prototypes the porous 
metal powder sheets and corrugated sheets have been sintered together 
into a single filter stack. Additionally, a metal powder paste was devel-
oped for sealing the edges of the filter stack in order to facilitate and 
improve the canning and eliminate the slip around the corners of the 
filter stack. Tests in real exhaust gases in engine bench tests and on the 
gen-set at Volvo Technology AB with the new sintered and sealed filter 
stacks showed good filtration efficiencies, above 99.5%, both for regular 
diesel and biodiesel (RME). This high filtration efficiency was obtained 
also at high soot loadings and pressure drops up to 20 kPa (200 mbar).

The filter has been tested in an accelerated ash storage test at Volvo 
Technology AB corresponding to about 700 000 km of operation. During 
this test 92 g of ash was generated theoretically. Roughly 45% of the 
ash ended up in the ashtray and 
the other 45% in the filter, and then 
mainly on the outlet towards the 
ashtray. The accumulation of ash 
in the ashtray and outlet towards 
the ashtray is shown in Figure 4. 
The main part of this ash in the 
filter was removed easily by shak-
ing the filter carefully and blowing 
with compressed air. Less than 10% 
of the ash was strongly trapped in 
the filter and could not be removed. 
During operation of a truck it is 
likely that a large amount of the 
easily removed ash will fall down 
into the ashtray due to vibrations and variations in the exhaust gas flow. 
These conditions were not obtained in the accelerated ash storage test 
because it was performed with the stationary 5 kW gen-set engine at 
constant operation. Separate sintering tests up to 900°C with removed 
ash have shown that no sintering takes place up to this temperature. 
The most of the ash remains thus as a loose powder which easily can be 

Figure 3
A cross flow filter design, made from 
porous metal powder sheets and 
corrugated solid stainless steel sheets 
twisted 90° every second layer, with an 
ashtray to collect the non-combustible 
inorganic residue.
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removed. The conclusion is that most likely up to 90% of the ash can be 
removed from the filter and stored in the ashtray and this ash will not 
negatively influence the filter performance and pressure drop. However, 
in an existing closed channel ceramic filter around 100% of the ash will 
be accumulated and thus cause an unacceptable pressure drop.

Introduction of a catalytic coating on the DPF allows passive regen-
eration giving less pressure drop (lower fuel penalty) and also less fuel 
penalty from the regeneration cycles. This is due to NO2 formation over 
the oxidation catalyst, which can be used to oxidize the soot at 300–
400°C instead of using oxygen from air, which would require 550–650°C. 
In addition, the oxidation catalyst actually oxidizes parts of the soot 
directly. Due to this a catalytic coating for the porous metal powder 
sheets and finally for the entire cross flow metal powder filter has been 
developed. The main challenges have been to obtain an even coating 
on a macro scale level on the porous sheets and to avoid clogging of the 
pores in the sintered porous metal powder structure, especially on the 
surface. Figure 5 shows a FEG-SEM (Field Emission Gun–Scanning 
Electron Microscopy) analysis of a stainless steel sheet coated with Pt/
Al2O3 catalyst. The catalytic coating used in the project was Pt/Al2O3. 
FEG-SEM pictures have shown that it is possible to coat a sintered 
porous metal powder structure without clogging the pore structure 
too much, for example by using alumina particles that are much smaller 
than the original metal powder particles and by using a proper deposition 
method. Pt/Al2O3 loadings around 2–3.5 wt% have been deposited on 
the porous sheets giving an overall specific surface area around 2–3.5 
m2/g. Catalytic tests in lab scale over 20 mm Pt/Al2O3 coated porous test 
sheets showed good oxidation activity for CO and propene with light-off 
around 200°C and NO oxidation to NO2 peaking at around 300°C with 
maximum ~30% NO2 formed (lower in the presence of hydrocarbons).

A 2.1 liter Pt/Al2O3 coated filter stack was manufactured and tested in 
the 5 kW gen-set at Volvo Technology AB. This coated stack was man-
ufactured with less Pt/Al2O3 washcoat than in the lab scale tests due 
to the good lab scale results and to reduce the risk for clogging of the 
porous plates in the up-scaling. The washcoat loading was around 2 wt% 
corresponding to ~18 g washcoat/l filter substrate and ~0.25 g Pt/l filter 
substrate. The tests with the catalytically coated stack in real exhaust 
showed full conversion of CO and diesel around 250°C. Above 250°C 
when the CO and diesel have been oxidized the NO oxidation to NO2 
increases, showing a peak at 300–400°C with around 30% NO2 related 
to total NOx. All tests have been performed with a space velocity (GHSV) 
~22 000 h-1 which is corresponding to a HD truck operating around half 
load with a 24 l DPF. The filtration efficiency is high and above 99.95% 
both for particle mass and particle number (see Figure 6). It is only under 
a soot burn off cycle that the filtration efficiency drops temporarily to 
~95%. With raw emissions from the engine, containing 0.1 g PM/kWh, 
a filtration efficiency of 99% will give 0.001 g PM/kWh, which is clearly 
below the Mistra goal with <0.005 g PM/kWh. The filtration efficiency 
over the coated stack is furthermore even higher than 99% (99.95%). 
This can be compared to the Euro VI legislation (2014) requiring <0.010 
g PM/kWh. The coated stack has a lower regeneration temperature and 

Figure 4
The filter stack after the accelerated 
ash loading test corresponding to 
700 000 km of operation. top) the 
ashtray middle) the end facing the 
ashtray bottom) one of the ends facing 
the exhaust gas outlet (clean).

Figure 5
The Pt/Al2O3 coated porous stain-
less steel sheet in the coated stack 
showing homogenous distribution of 
the washcoat without significant clog-
ging of the pores. FEG-SEM (Field 
Emission Gun–Scanning Electron 
Microscopy) analysis; Light grey: 
stainless steel; dark grey: Pt/Al2O3 
washcoat.
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soot accumulation than the uncoated stack. If a diesel 
oxidation catalyst (DOC) is installed in front of the coated 
stack, regeneration can be performed at temperatures 
above 275°C, while 350°C and above is needed without the 
DOC (Figure 7). However, for the uncoated stack, around 
500°C is necessary to start the burning of the soot. The 
lower regeneration temperature shows that the coated 
stack will have lower overall pressure drop, better fuel 
effi  ciency and reliability than the uncoated stack. 

Material development to improve the performance 
and lower the cost for the metal powder has also been 
performed. Focus has been to lower or remove the nickel 
content in the initial stainless steel 310B (25% Cr, 20% 
Ni, 2.5% Si, Bal. Fe) for cost reduction. To obtain good 
adherence between the stainless steel and the washcoat 
it could be an advantage if the thermal expansion coeffi  -
cients of the both materials are similar. Since the thermal 
expansion coeffi  cient (TEC) for ferritic stainless steels is 
closer to the ceramic materials than the austenitic stain-
less steels, these ferritic stainless steels could be an alternative. Due to 
these two aspects Höganäs has worked with FeCr-based ferritic stainless 
steels. Höganäs has found that some versions based on Fe with 20–22% 
Cr and 2.5% Si have similar resistance to high temperature oxidation as 
310B, while their TEC is matching the ceramic materials better, and the 
raw material cost is lower due to the absence of Ni. Development of a very 
thin Y based coating on the porous metal structure has improved the 
high temperature oxidation resistance for the stainless steel 2–4 times in 
accelerated lab tests. Additionally, it is believed that the Y based coating 
improves the adherence of the washcoat to the stainless steel.

It can be concluded that the cross fl ow metal powder based DPF devel-
oped by Höganäs AB and Volvo Technology AB in the E4 Mistra project 
fulfi ls the E4 Mistra project goal (<0.005 g PM/kWh) and off ers exciting 
fi ltration possibilities in future diesel transport solutions based on bio-
diesel or in other high ash containing applications.

The work in the “Metal powder fi lters” technology area was mainly performed by Per-
Olof Larsson (project manager), Jörgen Knuth-Nielsen, Lars-Göran Larsson and Ivan 
Smirnov from Höganäs AB

Figure 7
Regeneration of the DPF. Test with 
DOC plus coated stack showing that 
the soot accumulation speed is the 
same as the soot decomposition 
speed at 270°C with a NOx/soot ratio 
~57. With a NOx/soot ratio ~22 soot 
accumulates at 270°C but fast soot 
burn off starts again around 300°C.

Figure 6
Particulate mass and number of par-
ticulates (PN) after the DPF and out 
from the diesel engine.

E4 Mistra Goal
                     < 0.005 g PM / kWH)
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Thermoelectric Waste  
Heat Recovery 
The use of thermoelectric power generation (TEG) has a potential for 
improving overall efficiency of diesel engines. Although the diesel engine 
is the most energy efficient combustion engine, a large fraction of the 
energy is lost as waste heat or cooled away in the exhaust gas recircu-
lation (EGR) unit. Since diesel engines will be of importance for heavy 
duty vehicles for the next decades, development of methods for heat 
recuperation have been in focus in the E4 Mistra programme. This 
includes prototyping and evaluation in engine bench, thermoelectric 
generator device modelling and thermoelectric materials development. 
The following sections briefly summarise the technical development and 
the scientific studies within the programme. The scientific results have 
been presented at international conferences and published in peer-re-
viewed journals.

Development of Prototypes and  
Results from Engine Bench Test
Thermoelectric power generators are solid-state devices that have advan-
tages over alternative heat recuperation methods such as no moving 
parts, small size, simplicity, and reliability for electrical power genera-
tion applications. A thermoelectric device for power generation consists 
of several pairs of n- and p-type material. They are connected electrically 
in series and thermally in parallel. Due to the differences in the two 
material’s Seebeck coefficient a temperature gradient over the material 
generates an electrical potential difference that can be utilized for power 
generation in an external circuit.

When designing thermoelectric generators for waste heat recovery 
in automotive exhaust gas applications there are several challenges to 
meet. Among others, a high heat transfer rate from the gas bulk to the 
TE material is required. In practice there are two ways to increase the 
heat transfer from a gas to a solid; by increasing the heat transfer coef-
ficient (minimizing the thickness of the thermal boundary layer) and/
or extending the heat transfer area by use of fins. The thickness of the 
boundary layer can be minimized by, for example, increasing the turbu-
lence or creating impinging jets that can penetrate the boundary layer. 
However, both these methods result in an increased pressure drop that is 
undesired in most applications, especially in the EGR system. The advan-
tage of using fins for increased heat transfer area is that the additional 
pressure drop can be low. Furthermore the TEG unit must be stable with 
very low long-term performance degradation rate, i.e. the TEG must 
withstand frequent thermal cycling. Other important design challenges 
to be solved include obtaining minimal exposure to exhaust gas for long 
TE-module lifetime, avoiding heat flow by-pass in the construction and 
possibility to wire modules electrically. It is also important to obtain 
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a sufficient high contact pressure 
in order to minimize internal 
contact resistances and to keep 
TE-modules mechanically stable. 
If sufficient contact pressure is not 
applied, there is a substantial risk 
for bad thermal contact between 
the connecting bridges on the hot 
side and the ceramic plates, which 
lowers the performance.

Three TEG designs based on 
different heat exchanger concepts 
have been developed i.) heat pipe 
design, ii.) plate heat exchanger 
design and iii.) impinging jets 
design. The two first design con-
cepts both utilize an increased heat 
transfer area by use of fins, while 
concept number three utilizes 
gas jets penetrating the thermal 
boundary layer thereby decreas-
ing the heat transfer resistance in 
the gas. 

The heat pipes are sealed pipes 
containing a mixture of gas and 
liquid in which the heat transport 
is based on evaporation and con-
densation. In this work, fin covered 
heat pipes were used for transport-
ing heat from the exhaust gas to the 
TE modules. This heat exchanger design, shown in Figure 8, has the 
advantage that the heat pipes have a maximum heat cut-off of approx-
imately 500W per pipe. This limit is used to avoid overheating of the 
thermoelectric modules, i.e. they act as thermal fuse. It will also allow 
a more even temperature distribution inside the TEG.

The heat pipe TEG prototype was tested in the engine laboratory at 
Volvo Technology AB using different gas flow pattern, open flow and 
with a diffusor plate at the entrance of the TEG. The maximum TEG 
power was measured to 239W using the diffusor plate. Further tests 
are planned using a modified heat pipe TEG with baffles and with opti-
mized heat-pipes, based on the computational fluid dynamics (CFD) 
simulations. 

Figure 8
Heat pipe prototype  
a) Photo and b) CAD model.

a)

b)
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The plate heat exchanger design, shown in Figure 9, is characterized by 
its compactness and fl exibility in design regarding the number of plates. 
Compactness is important considering the limited space for installation 
on-board a truck. A brazed cassette solution with separated hot and cold 
cassettes to withstand thermal fatigue was evaluated in this program. 
This design concept has several benefi ts, among others, resistance to high 
temperatures and resistance to corrosion by use of brazed stainless steel 
plates, no by-pass of heat fl ow by separated gas and water channels, fl at 
surfaces with integrated fi ns for improved heat transfer and structural 
integrity, no exposure of exhaust gas or cooling media to the TE modules, 
accessibility of cables for easier connection, external frame to enable 
pressure on sealings and contact pressure on TE modules.

On both sides of the exhaust gas cassettes, 9 modules with the size of 
40x40mm, were installed in three rows. The thermoelectric material 
in last row of modules closest to the gas outlet was better optimized for 
lower temperature in this location. The test was done in a one-cylinder 
rig which represents the full fl ow through an EGR circuit. The results 
from the full size heat exchanger, containing 25 cassettes and 216 mod-
ules, gave an electric power of 415W. Thus, these tests confi rmed that 
TE modules can be integrated in a plate heat exchanger.

The impinging jet TEG was designed for use in the diesel-powered gen-
set that was also used for the other projects in the E4 Mistra programme. 
Impinging jets were used to improve the heat transfer from the gas by 
reducing the thickness of the thermal boundary layer. The gas enters the 
TEG axially, Figure 10a, into a closed tube that is perforated around its 
perimeter with a total hole area balancing the area of the inlet exhaust 
tube. The cooling was done using four banks of water heat exchangers 
with a turbulator in the water channel. In this design the gap between 
the cylinder and the hot walls of the TEG was approximately 5mm. The 
concept of utilizing impinging jest and also the required jet diameter to 
gap distance was studied by use of CFD simulations, Figure 10b. 

Figure 9
top) Cassette with integrated fi ns and 
support rings, bottom) Principal heat 
exchanger solution.

Figure 10
a) TEG assembled in the gen-set 
test lab at Volvo, b) CFD analysis of 
impinging jets.

a)

b)
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Development of Multiphysics Models 
for Thermoelectric Generators
The aim with multiphysics modelling 
is to design and evaluate the perfor-
mance of different TEG concepts, by 
means of virtual prototyping. Inside 
a thermoelectric module there are a 
number of interfaces over which heat 
and electric current is conducted. 
None of these junctions are in per-
fect contact. Since the electrical 
current should pass through a large 
number of TE pellets, the electrical 
contact resistance is rarely negligible. The most important contact resis-
tances are the electrical resistances on both sides of the thermoelectric 
pellets, and the thermal resistances between the connecting bridges and 
the ceramic plates, as shown in Figure 11. There may also be thermal 
contact resistance between the pellets and the metal connectors.

In order to understand and predict the performance of thermoelectric 
generators a multiphysics simulation model was developed. The model 
is based on coupled CFD and thermoelectric simulations. In the simula-
tions, the thermoelectric phenomenon are described by two differential 
equations; one for the voltage

and one for the thermal energy

For solving these equations a geometry, temperature dependent material 
data (Seebeck coefficient S, thermal conductivity κ and electric conduc-
tivity σ) and boundary conditions are needed. The boundary conditions 
include temperatures, external load and internal contact resistances. 

In order to determine the internal contact resistances, a novel method 
was developed within the project, based on measurements of voltage, 
current and heat flow through a TE module applied to different con-
stant temperatures. Together with the simulated quantities at the same 
conditions, the internal contact resistances were determined by use of 
non-linear regression analysis. Figure 12 shows a comparison of the 
measured and simulated performance with and without internal con-
tact resistances. These results clearly show the importance of including 
contact resistances in TE module simulations.

The programme

Figure 12
Contact resistances within a  
thermoelectric module.

Figure 11
Contact resistances within a  
thermoelectric module.
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The model was further used to pre-
dict the performance of the heat 
pipe prototype. The geometry and 
the surface temperatures inside the 
prototype are shown in Figure 13. 

The perforated diffuser plate in 
front of the heat pipes is forming 
impinging jets thereby increasing 
the heat transfer onto the first row 
of heat pipes. This plate has grad-
ually increasing size of the holes 
towards the side, which increases 
the heat transfer on the outermost 

heat pipes. A comparison between measurement and simulation results 
is shown in Table 1.

As can be seen in Table 1, the agreement is excellent in terms of pres-
sure drop over the system and surface temperatures on the modules. 
The power generation was calculated for modules working at optimal 
conditions, i.e. the modules were simulated individually working with 
an optimal external load. This was done in order to reduce the com-
plexity of the model. In the hardware test, the TEG-EGR system was 
not working at optimal conditions, since the modules were connected 
electrically in groups in series. This was done in order to achieve useful 
voltage output from the system and to avoid complete power failure if 
one model was damaged. A consequence of this action is that optimal 
conditions can never be reached in real TEG systems. The effect of the 
non-ideal conditions on the TEG performance can thus be quantified 
by use of simulations.

Development of  
Thermoelectric Materials
The aim with the material development was to develop new and efficient 
thermoelectric (TE) materials that can be used in devices to efficiently 
convert waste heat to electricity in a temperature range suitable for 
combustion engines. Thermoelectric devices convert thermal gradients 
into electricity and require two types of thermoelectric materials for 

Figure 13
Simulated surface temperatures on 
heat pipes and modules.

Table 1
Comparison between experiments and 
simulations for the heat pipe prototype. 
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their function, a p-doped and an n-doped semiconductor. A high per-
forming thermoelectric material has a high figure of merit, ZT = S2σT/κ, 
at the desired temperature T, where S is the Seebeck coefficient, σ is the 
electrical conductivity and κ is the thermal conductivity, all of which 
are temperature-dependent. Thermal conductivity consists of lattice 
vibrations and heat-conduction through electronic conduction, which 
means that to improve ZT one should develop materials with crystal 
structures that have glass-like lattice conductivity contributions to 
κ to enable a maintained high σ. Within the project, instrumentation 
for thermoelectric property evaluation has been acquired and enabled 
complete characterization of all three thermoelectric properties of the 
materials developed.

Different concepts towards new efficient thermoelectric materials have 
been followed, the first being the phonon-glass-electron-crystal (PGEC) 
concept in which host-guest structures such as the germanium-based 
clathrates shown in Figure 14a are exploited to efficiently reduce the 
lattice thermal conductivity of the material while maintaining a high 
electronic conduction. Throughout the project we have evaluated addi-
tional means to further improve the performance of the clathrates, 
e.g. by preparing quaternary compositions with atomic substitution 
on the framework sites or by introduction of nanoinclusions of hete-
ro-compounds, Figure 14b. These studies have been done to assess the 
possibility to further improve ZT by reducing thermal conductivity via 
introduced scattering centres for different phonon wavelengths and by 
improving S via the energy filtering concept. Magnesium silicide-based 
materials have also been evaluated for this concept in the project, with 
the most prominent improvement (almost three-fold) in ZT established 
for undoped Mg2Si by introducing 1 vol.-% TiO2 nanoparticles in the 
material, Figure 14c. For both series of materials an optimum amount 
of nanoinclusions was found at which ZT was higher than that of the 
reference materials without nanoinclusions. In both series the optimum 
temperature was shifted to lower values compared to the reference mate-
rials. In addition, some emphasis has been put on tin-based quaternary 
clathrates to reduce materials cost and targeting lower temperature 
optima than the germanium-based systems offer and on mixed clathrate 
systems aiming to form endotaxial inclusions of one phase in the other.

a)

b)

c)

Figure 14
a) Cage structure of type-I clathrate 
Ba8Ga16Ge30 crystal with Ba atoms 
located in the cages formed by the 
Ga/Ge framework atoms. Temperatu-
re-dependence of figure of merit (ZT) 
values of b) a series of Ba8Ga16Ge30 
clathrates with varying amounts of 
TiO2 inclusions and c) a series of 
Mg2Si materials with varying amounts 
of TiO2 inclusions.
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For the envisioned application in a truck, a different materials concept 
was studied targeting the colder side of the planned generator (below 
250°C). Here we have identified suitable processing conditions for elec-
trochemical deposition of nanostructured films of Bi2Te3, Figure 15a, on a 
range of different substrates. Using analytical electrochemical methods, 
Figure 15b, we have established mechanistic details of the processes 
involved and thus improved the understanding for how to grow films 
of this material, Figure 15c, and variants including Sb2Te3. We have 
devised a method for transferring the films to insulating substrates to 
enable evaluation of their electrical properties. Through these studies, 
a detailed understanding of the deposition mechanism of Bi2Te3 and the 
influence of synthesis conditions has been obtained.

The work in the “Thermoelectric Waste Heat Recovery” technology area was mainly 
performed by:

Lennart Holmgren (project manager) from Termo-gen, Fredrik Andreasson (project 
manager) and Fredrik Strömer from Alfa Laval, Ronnie Andersson (project manager) 
and Olle Högblom (PhD student) from KRT/Chalmers, Anders Palmqvist (project 
manager) and Richard Heijl (PhD student) from TYK/Chalmers.

a)

b)

c)

Figure 15
a) Crystal structure of Bi2Te3 showing 
layers of Bi atoms (red) and Te atoms 
(blue). b) The effect of variations in 
solution composition on cyclic vol-
tammograms during electrochemical 
deposition of Bi2Te3 on stainless steel. 
c) Cross section and top view (inset) of 
an electrochemically deposited film of 
Bi2Te3 on a silicon wafer.
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System integration  
and validation
The main objective for the system integration and validation compo-
nent project is to support the project partners in the development of the 
system components in the technology areas: catalytic reduction of NOx, 
reformers for hydrogen production, thermoelectric material and devices 
for power generation, improved heat exchangers for thermoelectric 
generators and metal powder filters as well as to integrate the developed 
components and validate the performance of the integrated system. 

During the 2nd phase of the E4 Mistra programme, Volvo has built a lab-
oratory system suitable for testing LNC and reformer catalysts as well as 
for testing of DPF and TEG components that were developed within the 
E4 Mistra programme. The system consists of a gen-set engine (DX 6000 
TE XL C, Yanmar) with a capacity of 5 kW, a commercial DOC (diesel 
oxidation catalyst used to increase the exhaust gas temperature when 
needed via diesel injection upstream the DOC catalyst), the Höganäs 
DPF, the KCK LNC catalyst, a fuel reformer system containing the KTH 
reformer catalyst, a commercial DOC catalyst (to oxidize unconverted 
hydrocarbons over the LNC catalyst to protect the TEG), the Term-gen 
TEG and a cooling system to cool down the exhaust gas and condense 
water before sending the exhaust gas to the ventilation. A simplified 
schematic illustration of the system is shown in Figure 16a and pictures 
of the real system are shown in Figure 16b. 

To support the work with DPF development and testing, Volvo together 
with Höganäs worked on the following activities in this field:
a) Accelerated ash loading: To test the ash loading capacity of the 

uncoated Höganäs DPF, a study was performed at Volvo Technol-
ogy AB using the E4 Mistra system set-up shown in Figure 16. The 
study resulted in the development of a method for accelerated ash 
loading which was performed by blending 5 wt.% lubricating oil with 
a content of 1,9 wt.% sulphated ash in the diesel fuel and use this fuel 
as engine fuel during soot storage periods until the pressure drop 
over the filter reached 50 mbar. The exhaust gas was always flowing 
in the bypass model (see Figure 16a) during the ash storage period. 
To regenerate the filter (and reduce the pressure drop), the engine 
was run on clean diesel and the exhaust gas was switched to the 
DOC direction and the exhaust gas was heated to about 700 ᵒC via 
diesel injection to the DOC for active regeneration of the accumu-
lated soot in the DPF. Details of the ash loading tests are given in the 
Metal powder DPF section in this report and the deliverable 7.2.5.1.2 
(Method for accelerated ash loading of DPF system).

b) Testing the Höganäs DPF with renewable fuels: The uncoated DPF 
was used for evaluation of soot storage capacity of the DPF when 
renewable fuels were used as engine fuels. The tests were performed 
with RME (Rapeseed Methyl Ester) as engine fuel. The results from 
these tests showed that the soot emission from the engine was 30% 
lower in particle number, and the soot particles had a smaller average 

a)

b)

Figure 16
Schematic view a) and pictures b) of 
the integrated E4 Mistra system. 

Jazaer
Dawody



Report Phase II 2010–2014

25

E4 Mistra

The programme

size compared to emissions from standard diesel (SD10) fuel. Inter-
estingly, the particulate filter reached a high filtration efficiency of 
around 99% during stead state runs. Only directly after regeneration, 
when the filter was hot and empty, did the filtration efficiency drop 
to around 90%.

c) Development and coating of the Höganäs DPF with catalytic mate-
rial: Volvo Technology AB together with Höganäs and other E4 Mistra 
partners has been active in literature search and scientific discussions 
to define a suitable method for coating the metal powder sheets with 
catalytic material. Volvo has also tested small samples of coated metal 
powder sheets in synthetic gas bench to evaluate the oxidation capacity 
of the catalytic material which was deposited on the sheets. Finally, Volvo 
evaluated the soot storage capacity of the coated filter stack in the E4 
Mistra system using standard diesel (SD10) as engine fuel. Details from 
this study are given in the metal powder filters section in this report. 

To support the work with thermoelectric materials and thermoelectric 
generators, Volvo technology AB has been leading team discussion meet-
ings which gathered project partners from Volvo, TYK, KRT, Alfa Laval 
and Termo-gen. During the meetings technical issues and challenges 
were discussed and actions were taken for forward movement in the 
development processes. Volvo also provided technical support whenever 
engine system data was required. 
a) Additionally, Volvo has together with Termo-gen, Alfa Laval and 

KRT tested several TEG generations in single cell engine bench and 
in the E4 Mistra system. Below is a short summary of these activities

b) HeatPipe TEG tests: Three test series were performed in single cell 
engine bench to evaluate the power output from the HeatPipes TEG 
which is developed by Termo-gen. The reason for the recurrence of 
the tests was because the HeatPipes TEG was optimized twice in 
order to reach higher performance.

c)  Plate heat exchanger design: Before building the full scale prototype, 
a small prototype consisting of one hot cassette and two cold cassettes 
was tested in the E4 Mistra system. The full scale prototype was tested 
in single cell engine bench at Volvo. Details about these tests are given 
in the “Thermoelectric Waste Heat Recovery” section above.

d) Impinging jets design: A small prototype was tested in the E4 Mistra 
system. Several improvements for this TEG were identified during 
the tests. However, due to time limitations and prioritization of 
other TEG systems, these optimizations were not performed and 
the system was not tested again. 

To support the work with LNC and reformer catalysts development and 
evaluations, Volvo Technology AB has supported KCK and KTH with the 
following activities during the 2nd phase of the E4 Mistra programme
a) Evaluation of catalysts: Small scale LNC catalysts were tested in SGB 

rig with synthetic gas mixtures and large scale LNC catalysts were 
tested in the E4 Mistra system with real exhaust from the gen-set 
engine. Several generations of reformer catalysts were evaluated 
in the autothermal rig which was built at Volvo Technology for the 
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evaluation of the KTH reformer catalysts. This system was later inte-
grated with the gen-set system when the E4 Mistra system was built.

b) Integration of Lean NOx reduction with hydrogen generation from 
diesel and renewable fuels: Large scale LNC catalysts from KCK were 
tested in the E4 Mistra system both with diesel as reducing agent, E85 
and NExBTL. For these tests, hydrogen was generated in the system 
from reforming diesel and NExBTL and using the KTH reformer 
catalysts. Some of the tests were performed with bottled hydrogen for 
comparison. These test series were performed several times during 
the last year of the programme time and most of the time with the 
presence of the PhD students from KTH and KCK. The work resulted 
in a joint scientific paper between KCK, KTH and Volvo.

The work in the “system integration and validation” component project was mainly 
performed by Jazaer Dawody (project manager), Lennart Andersson, Tim Benham, 
Mikael Ohlsson, Miroslawa Milh, Johannes Koegler, Lennart Lundqvist and Jonas 
Edvardsson.

 

Summary of  
Technical achievements
The technological objectives have been divided into three areas. Below 
is a short summary of the main achievements in these technology areas:
 
1. NOx reduction:
E4 Mistra's programmes goal for reducing NOx emissions in engine 
exhaust gases was 0.1 g NOx/kWh. This level is significantly lower than 
current regulatory requirements levels in Europe (Euro VI: 0.4 g NOx/
kWh) and United States (US10: 0.26 g NOx/kWh). The catalytic technol-
ogy used and further developed in the E4 Mistra is the so-called "Lean 
NOx Catalyst" (LNC). In this technology, the on-board vehicle fuel is 
used as a reducing agent for NOx which is more advantageous than the 
existing technology (ammonia selective catalytic reduction: NH3-SCR) 
which requires an extra tank on the vehicle for urea. For improving low 
temperature activity of the LNC catalyst, it is necessary with H2 gas 
production for the LNC system. 

During phase II, several generations of LNC catalysts and fuel reform-
ing catalysts were developed to achieve optimum NOx conversion. 
Since the reformer catalysts are precious metal-based components, 
the objective has been to reduce the concentration of precious metals 
in the reformer catalyst without sacrificing the catalytic activity, to 
reduce catalyst cost. LNC and reform catalysts were tested both with 
synthetic gas mixtures and with real exhaust gases from an engine. 
The reformer catalysts reached the programme objectives for H2 gas 
production but LNC catalysts peaked at 70% conversion compared with 
the programme goal of 90% NOx conversion. Importantly, the work with 
LNC and reformer catalysts generated interesting and important infor-
mation with respect to catalyst aging and characterization data which 
can be used for future development projects in these areas. 
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2. Diesel particulate filtration:
The E4 Mistra’s programme goal was to reduce the engine out diesel par-
ticulate emissions to 0.005 g PM/kWh by using the particulate filter that 
has been developed within the programme. This filter was particularly 
designed to reduce the pressure drop (fuel consumption) caused by ash 
(inorganic material that remains in the filter after soot regeneration) 
accumulation in the conventional diesel particulate filters.

Höganäs AB and Volvo Technology AB have together developed a diesel 
particulate filter (DPF) of sintered metal powder designed for collecting 
ash in an ashtray in the filter to eliminate the pressure drop problems 
that exist today in the DPF systems and causes high fuel consumption. 
Two prototypes were developed and tested during the project. The first 
prototype was a un-coated stack, while the other one was coated with 
oxidation catalyst (platinum on alumina). The un-coated stack was used 
in accelerated ash loading tests corresponding to 700 000 km driving 
distance, and showed that only 10% of all ashes got stuck in the channels 
which is a very promising results from pressure drop reduction point of 
view. Both the coated and un-coated filters have managed to reduce the 
particulate mass to levels (< 0.1 mg PM/kWh), which is much lower than 
the E4 Mistras target (0.01 g PM/kWh).

3. Thermoelectric Waste Heat Recovery 
The E4 Mistra programme’s waste heat recovery goal was to extract 
1 kW of electrical energy from about 20 kW thermal energy which is 
contained in the exhaust gases by developing a system that integrates a 
thermoelectric generator with a heat exchanger.

In this technology area, the partners Termo-gen, Alfa Laval, Volvo 
Technology, KRT/Chalmers and TYK/Chalmers have collaborated to 
develop an integrated thermoelectric generator in heat exchanger (TEG-
HEX). TYK researchers have been responsible for material development, 
KRT researchers have focused on multiphysics modelling to design and 
evaluate various TEG concept, virtually, Alfa Laval project members 
with their heat exchanger expertise have contributed to an optimal 
design for heat recovery from hot gases, while Termo-gen project mem-
bers with their expertise in thermoelectricity have developed several 
generations of thermoelectric generators. Volvo Technology has been 
responsible for defining system specifications and providing general 
input for system design and prototype testing. 

Due to several reasons, it was not possible to test the TEG-HEX system 
before the final weeks of the programme time. During the short available 
testing time, the TEG-HEX system was able produce approximately 
0.4 kW electrical energy (about 40% of the project goal), but several 
optimization opportunities have been identified. Unfortunately, it was 
not possible to continue the work on the TEG-HEX system due to lack 
of time. 
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Effect of Society
It has been valuable that there have been both industrial and academic 
partners in the programme. All involved groups have helped with exper-
tise in their respective fields and this resulted in a great progress in the 
technical development which most likely would not have been possible 
if an individual company or research group had tried to solve the prob-
lems on their own.

During the eight years that the programme has been running, the 
programme partners became more and more integrated as one working 
team and managed to solve many complicated problems and overcome 
technical obstacles together. Thanks to the various approaches which 
the participants brought into reality, the groups were able to complement 
each other in a way that has enriched the projects and the collaboration 
has resulted in a number of synergies that no one could predict when 
the programme started.

The programme has trained eight doctoral candidates and provided 
them the potential for an applied research with a high connection to the 
industry. The programme offered PhD courses where all programme 
partners had responsibility to arrange elements in the training. All four 
PhD students who were active during the 1st phase have graduated and 
are all currently employed in their respective industrial fields. Phase 
II students are well on the way to achieve the same results. All are well 
placed to defend their thesis in near time and will, hopefully, obtain 
employments in the industry and/or in the academic world. 
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Communication  
of results
The results of the programme have been continuously summarized in 
internal reports. During the years 2010–2014, results have also been 
presented at conferences, scientific journals and thesis. 

Conference contributions and presentations
1. Anders Hellman, Hanna Härelind Ingelsten and Henrik Grönbeck, 

Theoretical characterization of NOx species on Ag/Al2O3, annual 
meeting of COST action D41, Inorganic Oxides: Surfaces and Inter-
faces, Berlin, Germany, October 21–23, 2007.

2. Hannes Kannisto, Hanna Härelind Ingelsten and Magnus Sko-
glundh, Novel Preparation Method for Ag/Al2O3 HC-SCR Catalysts, 
5th International Conference on Environmental Catalysis (5ICEC), 
Belfast, Northern Ireland, August 31–September 3, 2008.

3. Hanna Härelind Ingelsten, Anders Hellman and Henrik Grönbeck, 
Phase Characterisation of Ag/α-Al2O3 using NO2 as probe molecule, 
5th International Conference on Environmental Catalysis (5ICEC), 
Belfast, Northern Ireland, August 31–September 3, 2008.

4. Hanna Härelind Ingelsten, Anders Hellman, Hannes Kannisto and 
Henrik Grönbeck, Characterisation of NOx species on Ag/α-Al2O3 
using DFT and DRIFT, oral presentation at the 13th Nordic Sympo-
sium on Catalysis, Göteborg, Sweden, October 5–7, 2008.

5. Derek Creaser, Hannes Kannisto, Jonas Sjöblom and Hanna Häre-
lind Ingelsten, Modelling of Octane Selective Catalytic Reduction 
of NOx over Ag/Al2O3,the 13th Nordic Symposium on Catalysis, Göte-
borg, Sweden, October 5–7, 2008.

6. Hannes Kannisto, Hanna Härelind Ingelsten and Magnus Sko-
glundh, Achieving Finely Dispersed Silver in Ag-Al2O3 HC-SCR 
Catalysts, the 13th Nordic Symposium on Catalysis, Göteborg, 
Sweden, October 5–7, 2008.

7. Derek Creaser, Hannes Kannisto, Jonas Sjöblom and Hanna Häre-
lind Ingelsten, Kinetic Modelling of Octane Selective Catalytic 
Reduction of NOx over Ag-Al2O3, the 8th International Congress on 
Catalysis and Automotive Pollution Control, CAPoC8, Brussels, 
Belgium, April 15–17, 2009.

8. Hannes Kannisto, Hanna Härelind Ingelsten and Magnus Sko-
glundh, Aspects of the role of hydrogen in H2-assisted HC-SCR over 
Ag-Al2O3, the 8th International Congress on Catalysis and Automo-
tive Pollution Control, CAPoC8, Brussels, Belgium, April 15–17, 2009.

9. Hannes Kannisto, Hanna Härelind Ingelsten, Derek Creaser and 
Magnus Skoglundh, Reduction of surface nitrates by hydrogen as 
a key step in H2 assisted HC-SCR over Ag-Al2O3, oral presentation 
at the 21st North American Catalysis Society Meeting (21th NAM), 
San Francisco, California, June 7–12, 2009.
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10. Hannes Kannisto, Kalle Arve, Eva Olsson, Hanna Härelind Ingel-
sten, Kari Eränen, Magnus Skoglundh and Dmitri Yu. Murzin, 
Designing active Ag/Al2O3 catalysts for diesel-SCR: crucial impor-
tance of silver particle size in activation of aromatic hydrocarbons, 
TOCAT6/APCAT5, Sapporo, Japan, July 18–23, 2010.

11. Fredrik Gunnarsson, Hannes Kannisto and Hanna Härelind Ingel-
sten, Optimizing feed concentrations for lean NOx reduction by 
HC-SCR over Ag/Al2O3, the 14th Nordic Symposium on Catalysis, 
Helsingör, Denmark, August 29–31, 2010.

12. Muhammad M. Azis, Hanna H. Ingelsten, Derek Creaser, The acti-
vating role of H2 on NO oxidation over Ag/Al2O3, the 14th Nordic 
Symposium on Catalysis, Helsingör, Denmark, August 29–31, 2010.

13. Hannes Kannisto, Kalle Arve, Hanna Härelind Ingelsten, Kari 
Eränen, Eva Olsson, Magnus Skoglundh, Dmitry Yu. Murzin, H2 
activation of aromatic hydrocarbons over Ag/Al2O3 diesel-SCR cat-
alysts, oral presentation at the 14th Nordic Symposium on Catalysis, 
Helsingör, Denmark, August 29–31, 2010.

14. Fredrik Gunnarsson, Hannes Kannisto and Hanna Härelind Ingel-
sten, The influence of trace-amount PM-doping on lean NOx reduction 
by HC-SCR over Ag/Al2O3, the 22st North American Catalysis Society 
Meeting (22th NAM), Detroit, USA, June 5–10, 2011.

15. Hanna Härelind Ingelsten, Anders Hellman, Hannes Kannisto, 
Henrik Grönbeck, Combining DRIFT and DFT to characterize NOx 

species on Ag/α-Al2O3, oral presentation at the 22st North American 
Catalysis Society Meeting (22th NAM), Detroit, USA, June 5–10, 2011.

16. Hannes Kannisto, Xanthias Karatzas, Jonas Edvardsson, Lars J. 
Pettersson and Hanna H. Ingelsten, Lean NOx reduction over Ag/
Al2O3–an on-board system approach, the 22st North American Catal-
ysis Society Meeting (22th NAM), Detroit, USA, June 5–10, 2011.

17. Muhammad M. Azis, Hanna H. Ingelsten, Derek Creaser, Promo-
tional effect of H2 on NO oxidation over Ag-Al2O3, the 22st North 
American Catalysis Society Meeting (22th NAM), Detroit, USA, June 
5–10, 2011.

18. Marika Männikkö, Magnus Skoglundh and Hanna Härelind Ingelsten, 
Effect of H2 and C/N on methanol-SCR over supported Ag catalysts, 
EuropaCat X, Glasgow, Scotland, August 28–September 2, 2011.

19. Kalle Arve, Hannes Kannisto, Hanna Härelind Ingelsten, Kari 
Eränen, Magnus Skoglundh and Dmitry Yu. Murzin, O2 chemisorp-
tion and TEM imaging for determination of silver mean particle size, 
distribution and oxidation state of Al2O3, EuropaCat X, Glasgow, 
Scotland, August 28–September 2, 2011.

20. J. Edvardsson, H. Westberg, J. Dawody, L. Andersson, H.H. Ingel-
sten, H. Kannisto, F. Gunnarsson, A. Palmqvist, R. Heijl, Y. Ma, 
D. Cederkrantz, R. Andersson, O. Högblom, L. J. Pettersson, X. 
Karatzas, M. Z. Granlund, P. O. Larsson, L. Holmgren, F. Andreas-
son, E4-Mistra, a research program for the development of an energy 
efficient low emission exhaust aftertreatment system for heavy duty 
vehicles, World Renewable Energy Forum, WREF 2012, Including 
World Renewable Energy Congress XII and Colorado Renewable 
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Energy Society (CRES) Annual Conference;Denver, CO;13 17 May 
2012, 6 s. 4530–4536

21. Marika Männikkö, Magnus Skoglundh and Hanna Härelind Ingel-
sten, Selective catalytic reduction of NOx with methanol over 
Ag-Al2O3–effect of silver loading, the 15th Nordic Symposium on 
Catalysis, Mariehamn, Åland, June 10–12, 2012.

22. Hannes Kannisto, Xanthias Karatzas, Jonas Edvardsson, Lars J. 
Pettersson and Hanna Härelind Ingelsten, Lean NOx reduction 
over Ag/Al2O3–an on-board system approach, oral presentation at 
the 15th Nordic Symposium on Catalysis, Mariehamn, Åland, June 
10–12, 2012.

23. Muhammad Mufti Azis, Hanna Härelind and Derek Creaser, Spill-
over phenomena for H2 assisted NO oxidation over Ag-Al2O3, the 
9th International Congress on Catalysis and Automotive Pollution 
Control, CAPoC9, Brussels, Belgium, August 29–31, 2012.

24. Fredrik Gunnarsson, Jenny-Yue Zheng, Hannes Kannisto, Clément 
Cid, Anna Lindholm, Miroslawa Abul-Milh, Magnus Skoglundh and 
Hanna Härelind, Effects of hydrothermal ageing and reducing agent 
on the lean NOx reduction over Ag-Al2O3 catalysts, the 9th Interna-
tional Congress on Catalysis and Automotive Pollution Control, 
CAPoC9, Brussels, Belgium, August 29–31, 2012.

25. Marika Männikkö, Magnus Skoglundh and Hanna Härelind, Effect of 
silver loading on the lean NOx reduction with methanol over Ag-Al2O3, 
the 9th International Congress on Catalysis and Automotive Pollution 
Control, CAPoC9, Brussels, Belgium, August 29–31, 2012.

26. Hanna Härelind, Fredrik Gunnarsson, Seyyed Majid Sharif Vaghefi, 
Magnus Skoglundh and Per-Anders Carlsson, Influence of car-
bon-carbon bond order and silver loading on the oxidative function 
of silver-alumina catalysts in absence and presence, oral presen-
tation at COST CM1104 general meeting, Prague, Czech Republic, 
September 26–28, 2012.

27. Hannes Kannisto, Kalle Arve, Torben Pingel, Anders Hellman, 
Hanna Härelind, Kari Eränen, Eva Olsson, Magnus Skoglundh, 
Dmitry Yu. Murzin, Structure-activity relationship for HC-SCR 
over Ag/Al2O3 with cyclic and aromatic reductants, the 23st North 
American Catalysis Society Meeting (23th NAM), Louisville, Ken-
tucky, USA, June 2–7, 2013.

28. Hanna Härelind, Fredrik Gunnarsson, Seyyed Majid Sharif Vaghefi, 
Magnus Skoglundh and Per-Anders Carlsson, Influence of car-
bon-carbon bond order and silver loading on the oxidative function 
of silver-alumina catalysts in absence and presence of NO, the 23st 

North American Catalysis Society Meeting (23th NAM), Louisville, 
Kentucky, USA, June 2–7, 2013.

29. Marika Männikkö, Magnus Skoglundh and Hanna Härelind, On the 
effect of hydrogen addition on lean NOx reduction with methanol 
over Ag-Al2O3, the 23st North American Catalysis Society Meeting 
(23th NAM), Louisville, Kentucky, USA, June 2–7, 2013.

30. Fredrik Gunnarsson, Hannes Kannisto, Magnus Skoglundh and 
Hanna Härelind, The influence of silver loading and trace-amount 
platinum-doping on lean NOx reduction by HC-SCR over Ag-Al2O3, 
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the 23st North American Catalysis Society Meeting (23th NAM), 
Louisville, Kentucky, USA, June 2–7, 2013.

31. Muhammad Mufti Azis, Hanna Härelind and Derek Creaser, 
Temperature-programmed desorption (TPD) studies of NOx over 
Ag-Al2O3 catalyst, the 23st North American Catalysis Society Meet-
ing (23th NAM), Louisville, Kentucky, USA, June 2–7, 2013.

32. Hanna Härelind, Fredrik Gunnarsson, Seyyed Majid Sharif Vaghefi, 
Magnus Skoglundh and Per-Anders Carlsson, Characterization of 
surface species and gas-phase products as function of carbon-carbon 
bond order and silver loading during HC-SCR over silver-alumina-
oral presentation at EMRS Spring meeting, Strasbourg, France, 
27–31 May, 2013.

33. Hanna Härelind, Aspects of reducing agent, active sites and reaction 
mechanisms for lean NOx reduction over silver alumina catalysts, 
key-note lecture (invited) at the 16th Nordic Symposium on Catalysis, 
Oslo, Norway, June 15–17, 2014.

34. Marika Männikkö, Magnus Skoglundh and Hanna Härelind, Metha-
nol as reducing agent for lean NOx reduction over Ag-Al2O3–influence 
of hydrogen and silver loading, the 16th Nordic Symposium on Catal-
ysis, Oslo, Norway, June 15–17, 2014.

35. Fredrik Gunnarsson, Moa Z. Granlund, Mattias Englund, Jazaer 
Dawody, Lars Pettersson and Hanna Härelind, Combining HC-SCR 
over Ag/Al2O3 and hydrogen generation over Rh/CeO2-ZrO2 using 
bio-fuels: an integrated system approach for real applications, 
oral presentation at the 16th Nordic Symposium on Catalysis, Oslo, 
Norway, June 15–17, 2014.

36. Hanna Härelind, Fredrik Gunnarsson, Marika Männikkö, Hannes 
Kannisto, Magnus Skoglundh, Silver-alumina catalysts for lean NOx 
reduction, accepted for oral presentation at the 8th International 
Conference on Environmental Catalysis (ICEC), Asheville, North 
Carolina, USA, August 24–27, 2014.

37. Marika Männikkö, Magnus Skoglundh and Hanna Härelind, Lean 
NOx reduction with methanol over Ag-Al2O3–influence of hydrogen 
and characteristics of silver species, accepted for oral presentation 
at the 8th International Conference on Environmental Catalysis 
(ICEC), Asheville, North Carolina, USA, August 24–27, 2014.

38. L.J. Pettersson, X. Karatzas and K. Engvall, Hydrogen production 
from renewable and conventional fuels for mobile fuel cell appli-
cations in Sweden, International Energy Agency Annex 22 Spring 
Meeting, ECN, Petten, The Netherlands, May 27–28, 2010. (oral 
presentation by LP)

39. X. Karatzas and L.J. Pettersson, Hydrogen generation from n-tet-
radecane, low sulfur and Fischer-Tropsch diesel over Rh supported 
on δ-alumina doped with ceria/lanthana, Chemical Technology for 
Sustainable Development. KTH-Åbo Akademi University-Umeå 
University Scientific Symposium. Mariehamn, Åland, 31 May–1 
June, 2010. (oral presentation by XK)

40. L.J. Pettersson and K. Engvall, Using advanced biofuels as feedstocks 
for motor fuel production in Sweden–An opportunity for designing 
green catalytic processes, Proc. TOCAT6/APCAT6 pre-conference: 
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Recent Progress of Environment & Energy Related Catalysts, Tokyo, 
Japan, July 16, 2010 (oral presentation by LP)

41. X. Karatzas, D. Creaser, L.J. Pettersson, Hydrogen generation from 
n-tetradecane and low-sulfur diesel over Rh supported on δ-alu-
mina doped with ceria/lanthana, Proc. TOCAT6/APCAT5, Sapporo, 
Japan, July 18–23, 2010. (poster presentation)

42. X. Karatzas, A. González, A. Grant, J. Dawody, and L.J. Pettersson, 
Hydrogen generation from low-sulphur diesel over Rh-based metal-
lic monolithic catalysts. Proc, 14th Nordic Symposium on Catalysis, 
Marienlyst, Denmark, August 29–31, 2010. (oral presentation by XK)

43. X. Karatzas, K. Jansson, J. Dawody, R. Lanza, L. J. Pettersson, 
Microemulsion and incipient wetness prepared Rh-based catalyst 
for diesel reforming, Proc. 6th International Conference on Envi-
ronmental Catalysis, Beijing, China, 12–15 September, 2010 (oral 
presentation by XK)

44. X. Karatzas, K. Jansson, A. González, J. Dawody, and L.J. Pettersson, 
Autothermal reforming of low sulfur diesel over bimetallic RhPt 
supported on Al2O3, CeO2-ZrO2, SiO2 and TiO2, Proceedings of the 
22nd North American Catalysis Society Meeting, Detroit, MI, June 
5–10, 2011. 

45. D. Creaser, X. Karatzas, B. Lundberg, L.J. Pettersson, and J. Dawody, 
Modeling Study of 5 kWe-Scale Autothermal Diesel Fuel Reformer, 
Proceedings of the 22nd North American Catalysis Society Meeting, 
Detroit, MI, June 5–10, 2011.

46. M. Ziethén Granlund and L.J. Pettersson, Assessing the influence on 
activity by adding Mn to diesel autothermal reforming catalysts, Pro-
ceedings of the Ninth European Congress on Catalysis EUROPACAT 
X, Glasgow, United Kingdom, 28 August–2 September, 2011.

47. L.J. Pettersson, Putting chemical engineering in the driver ś seat: 
Catalytic solutions for solving emission and efficiency problems in 
the automotive sector for 2020 and beyond, Anders Holmen seminar, 
Trondheim, Norway, 2 December, 2011 (invited speaker).

48. M. Z. Granlund, J. Dawody, M. Milh, and L.J. Pettersson, Manga-
nese-promoted catalysts for oxidative steam reforming of diesel, 
Proceedings of the 15th Nordic Symposium, Mariehamn, Finland, 
10–12 June, 2012. (poster presentation)

49. A.V. González, X. Karatzas, and L.J. Pettersson, Full-scale autother-
mal reforming for transport applications, Presented at Catalysis 
for Clean Energy and Sustainable Chemistry, Madrid, 27–29 June, 
2012. (oral presentation by AG)

50. M.Z. Granlund and L.J. Pettersson, Clarifying the role of Mn as 
promoter in Rh reforming catalysts, Presented at Catalysis for Clean 
Energy and Sustainable Chemistry, Madrid, 27–29 June, 2012.

51. M.Z. Granlund M. Nilsson, J. Dawody, M. Milh, and L.J. Petters-
son, Attempt to decrease the noble metal loading by increasing the 
oxygen storage capacity of the support for diesel fuel reforming 
catalysts, Presented at the 15th International Congress on Catalysis, 
Munich, 1–6 July, 2012.

52. M.Z. Granlund, J. Dawody, M.Milh, and L.J. Pettersson, Evaluating 
the possibilities to decrease the Rh loading for autothermal diesel 
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reforming catalysts supported on CeO2-ZrO2, Accepted for presenta-
tion at the 7th International Conference on Environmental Catalysis, 
Lyon, 2–6 September, 2012.

53. M.Z. Granlund, O. Görke, P. Pfeifer, and L.J. Pettersson, Compar-
ison between conventional monolithic reactors and a novel micro 
reactor design for oxidative steam reforming of diesel, Proceedings 
at the 23rd North American Catalysis Society Meeting, Louisville, 
Kentucky, USA, 2–7 June, 2013. (oral presentation by OG)

54. L.J. Pettersson, Catalysis for automotive applications–Historical 
overview and future challenges from the point of view of a chem-
ical engineer, Invited lecture at Engler-Bunte-Institut, Karlsruhe 
Institute of Technology, Germany, 24 June, 2013.

55. M.Z. Granlund, K. Jansson, L.J. Pettersson, Characterization of 
lanthanum-based catalysts spiked with rhodium for autothermal 
reforming of commercial diesel, Proceedings of the 11th European 
Congress on Catalysis–EuropaCat-XI, Lyon, France, September 
1st–6th, 2013.

56. M.Z. Granlund, S. Zacherl, L.J. Pettersson, Investigation on how 
acidity of the catalytic material influences autothermal reforming 
of diesel, Proceedings of the 16th Nordic Symposium on Catalysis, 
Oslo, Norway, June 15–17, 2014. (Poster presentation)

57. M.Z. Granlund, K. Jansson, M. Nilsson, J. Dawody, L.J. Pettersson, 
Evaluation of the possibility to decrease the Rh loading of autothermal 
reforming catalysts for commercial diesel by adding promoters, Proceed-
ings of the 8th International Conference on Environmental Catalysis, 
Asheville, NC, USA, August 24–27 (Oral presentation by MZG)

58. A.E.C. Palmqvist, Studies of two semiconducting zeoates and a 
thermoelectric clathrate, Korea-Sweden workshop on nanoporous 
materials at Korea Advanced Institute of Science and Technology 
(KAIST), 28–29 April, 2009, South Korea. (Invited).

59. Y. Ma, A. Johansson, E. Ahlberg, A.E.C. Palmqvist,A mechanistic 
study of electrochemical deposition of bismuth telluride thin films, 
28th International/7th European Conference on Thermoelectrics, 
Freiburg, Germany, 2009.

60. D. Cederkrantz, A. Saramat, J. Snyder, and A.E.C. Palmqvist, 
Thermal stability of p-doped Ba8Ga16Ge30 clathrates, 28th Inter-
national/7th European Conference on Thermoelectrics, Freiburg, 
Germany, 2009.

61. D. Cederkrantz, M. Nygren, and A.E.C. Palmqvist, Thermoelectric 
properties of Sb and Zn doped Ba8Ga16Ge30 clathrates, 29th Inter-
national Conference on Thermoelectrics, Shanghai, China, May 
30–June 3, 2010.

62. Y. Ma, A. Johansson, E. Ahlberg, and A.E.C. Palmqvist, Electrode-
position and characterization of bismuth telluride thin films, 29th 
International Conference on Thermoelectrics, Shanghai, China, 
May 30–June 3, 2010.

63. A.E.C. Palmqvist, Improvement of thermoelectric materials by 
nanoinclusions, 1st UCSB–Chalmers Workshop on Materials for 
Energy Applications, April 4–5, 2011, Santa Barbara, USA. (Invited)

64. Y. Ma, E. Ahlberg, Y. Sun, B. Brummerstedt Iversen, A.E.C. 
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Palmqvist, Characterization of the thermoelectric properties of 
electrodeposited thin films of telluride compounds, European Work-
shop on Electrochemical Deposition of Thermoelectric Materials, 
April 11–12, 2011, Kaub, Germany.

65. Y. Ma, W. Wijesekara, E. Ahlberg, Y. Sun, B. Brummerstedt Iversen 
and A.E.C. Palmqvist, Characterization of the thermoelectric prop-
erties of electrodeposited thin films of telluride compounds, 30th 
International Conference on Thermoelectrics (ICT 2011), July 17–21, 
2011, Traverse City, Michigan, USA.

66. R. Heijl, D. Cederkrantz, M. Nygren, and A.E.C. Palmqvist, 
Thermoelectric properties of Ba8Ga16Ge30 clathrate with TiO2 
nanoinclusions, 30th International Conference on Thermoelectrics 
(ICT 2011), July 17–21, 2011, Traverse City, Michigan, USA.

67. D. Cederkrantz, M. Søndergaard, M. Christensen, B.B. Iversen, and 
A.E.C. Palmqvist, A comparison between the laser flash method 
and the transient plane source technique for thermal conductivity 
measurements, 30th International Conference on Thermoelectrics 
(ICT 2011), July 17–21, 2011, Traverse City, Michigan, USA.

68. A.E.C. Palmqvist, Bringing nanostructured thermoelectrics to use in 
waste heat recovery for vehicles, Seminar on Thermoelectrics for future 
energy management, September 15, 2011, IVA, Stockholm. (Invited)

69. A.E.C. Palmqvist, Improved thermoelectric performance by intro-
duction of nanoinclusions, Nanomax Workshop, October 18, 2011, 
Stockholm.

70. A.E.C. Palmqvist, Bringing nanostructured thermoelectrics to use 
in waste heat recovery for vehicles, Nanothermoelectrics Workshop 
and Networking Meeting, 26 October, 2011, Lund.

71. A.E.C. Palmqvist, Nanoparticles in bulk thermoelectrics for medium 
temperature applications, EMRS, 13–18 May, 2012, Strasbourg, 
France. (Invited).

72. R. Heijl, D. Cederkrantz, P.H. Ngan, M. Nygren, A.E.C. Palmqvist, 
Effects of introducing different types of nanoparticles in Ba8Ga16Ge30 
clathrates, ICT 2012, 9–12 July, 2012, Aalborg, Denmark.

73. W. Dissanayaka Wijesooriyage, Y. Ma, A. Palmqvist, L. Rosendahl, 
Electrochemical deposition and characterization of p-type and 
n-type thermoelectric thin films of BixSbyTez from identical elec-
trolyte solutions, ICT 2012, 9–12 July, 2012, Aalborg, Denmark.

74. J. Edvardsson, H. Westberg, J. Dawody, L. Andersson, L. Holmgren, 
F. Andreasson, O. Högblom, R. Andersson, R. Heijl, Y. Ma, and A.E.C. 
Palmqvist, Development of a thermoelectric generator prototype for 
heavy duty vehicles within the Swedish E4 Mistra research program, 
ICT 2012, 9–12 July, 2012, Aalborg, Denmark.

75. Y. Ma, W. Wijesekara, E. Ahlberg, Y. Sun, B. Brummerstedt Iversen, 
A. Palmqvist, Studies of electrochemical deposition of thermoelec-
tric thin films of bismuth telluride and its derivatives, 63rd Annual 
Meeting of the International Society of Electrochemistry, 19–24 
August, 2012, Prague, Czech Republic.

76. Palmqvist, Development of thermoelectric materials for energy 
harvesting applications,15th Asian Chemical Congress, 19–23 August 
2013, Singapore (Invited).
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77. J.E. Köhler, R. Heijl, L.G.H. Staaf, S. Zenkic, E. Svenman, A.E.C. 
Palmqvist and P. Enoksson, Fabrication of high temperature 
thermoelectric energy harvesters for wireless sensors, The 
13th International Conference on Micro- and Nano-Technology for 
Power Generation and Energy Conversion Applications (Power-
MEMS 2013), 3–6 December 2013, London, U.K.

78. Högblom O., Andersson R., CFD modeling of Thermoelectric Gen-
erators in Automotive EGR Coolers, 9th European Conference on 
Thermoelectrics, Thessaloniki, Greece, September 28–30, 2011.

79. Högblom, O., Andersson, R., CFD Simulations and Measurements 
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1. B. Lindström, A. Karlsson and L.J. Pettersson, Reformer reactor 
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Graduate course
During the 2nd phase of the E4 Mistra programme, a course for the PhD 
students in the programme, “Energy Efficient reduction of emissions 
from Heavy-duty vehicles”, was organized. The course was developed 
by the project managers and included a number of lectures and labora-
tory demonstrations at the programme partners’ sites. The course was 
finalized at the end of Q1 2014.
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Management and organization  
of E4 Mistra programme

The programme is a joint research initiative between four academic 
partners and four industrial partners:

Chemical Engineering and Technology,  
Royal Institute of Technology (KTH)
Competence Centre for Catalysis,  
Chalmers University of Technology (Chalmers)
Applied Surface Chemistry,  
Chalmers University of Technology (Chalmers)
Chemical Reaction Engineering,  
Chalmers University of Technology
Volvo Technology AB
Termo-Gen AB
Höganäs AB
Alfa Laval AB

Volvo Technology AB hosts the programme.  
The board has overall responsibility for the programme. 

Programme board members:
Thomas Johannesson (Chairman),  
former Dean of LTH, Lund University
Ove Backlund, former head of Advanced Engineering  
Engine section at Volvo Car Corporation, Sweden. 
Gunilla Jönsson, Senior Professor in  
Packaging Logistics, Lund University.
Kersti Hermansson, Professor at Uppsala University
Bo Leckner, Professor emeritus in Energy  
Conversion at Chalmers University of Technology.
Owe Mårs, Manager Alloy Development  
Surface Coating, Häganäs AB.
Mats Nilsson, R & D Manager, Alfa Laval AB
Behrooz Razaznejad, Director exhaust Aftertreatment Systems, 
Energy efficiency & Environment, Advanced Technology & Research, 
Volvo Group Trucks Technology
Christopher Folkeson Welch, Programmes Director at Mistra

Industrial component projects 
The industrial component projects at Termo-Gen AB, Höganäs AB, Alfa 
Laval AB and Volvo Technology are fully integrated in the E4 Mistra 
project. These projects are financially supported by FFI, Strategic Vehi-
cle Research and Innovation.
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Management Team
Jazaer Dawody has been the programme director during the last pro-
gramme year. Jonas Edvardsson was the programme director during 
the second and third years and Heije Westberg was the programme 
director during the first year. The programme directors together with 
the respective project leaders constitute the management team.

The project leaders are: 
Hanna Härelind, Assoc. Prof.,  
Competence Centre for Catalysis, Chalmers.
Lars J. Pettersson, Prof., Department of  
Chemical Engineering and Technology, KTH
Anders Palmqvist, Prof., Applied Surface Chemistry, Chalmers.
Ronnie Andersson, Assist. Prof.,  
Chemical Reaction Engineering, Chalmers
Jazaer Dawody, Ph.D., Exhaust Aftertreatment  
and Fuel Reforming, Volvo Technology AB
Per-Olof Larsson, Ph.D., Manager,  
Global development/filters, Höganäs AB
Lennart Holmgren, Mr., Managing director of Termo-Gen AB. 
Fredrik Andreasson, Mr., Concept development, Alfa Laval AB

Eight program meetings were arranged during the 2nd phase of the E4 
Mistra programme (two meetings per year). The programme participants 
including the programme board were participating in these meetings to 
present and discuss the achieved results in the programme. In addition to 
the project results overview and social activities, some of these meetings 
also included relevant themes presented by external invited speakers. 

Budget

Jazaer
Dawody

Jonas
Edvardsson

Heije
Westberg

2010–2014
Mistra funding 24.000 + 1.354*
Catalytic NOx reduction 5.350
Reformers for H2 production 6.020
CFD for heat exchangers 4.730
Thermoelectric materials 6.005
Reserve 0.000
Management 3.200
FFI funding 10.0
In-kind contribution 14.0
Höganäs AB 4.5 (1.57) 
Termo-Gen AB 6 (3.0)
Alfa Laval AB 4 (2.0)
+Volvo Technology 9.5 (3.42)

*) The amount is transferred from 1st phase of E4 Mistra programme.
**) The amount in parenthesis is funding from FFI. 



Participants at the programme 
meeting in Stockholm, November 
2012, from left to right:
Olle Högblom, Ronnie Andersson, 
Jazaer Dawody, Moa Granlund, 
Fredrik Gunnarsson, Heije Westberg, 
Timothy Benham, Mats Nilsson, 
Lars Pettersson, Ove Backlund, 
Lennart Andersson, Lennart Holmgren, 
Anders Palmqvist, Hanna Härelind, 
Mikael Ohlsson, Per-Olof Larsson, 
Thomas Johannesson, Richard Heijl, 
Kersti Hermansson, 
Jonas Edvardsson, Owe Mårs.





Mistra in brief.
Research with practical benefi ts.

The Swedish Foundation for Strategic Environmental 
Research – Mistra – supports research of strategic 
importance for a good living environment and sus-
tainable development. 
 It invests in research groups who, working along-
side users, are able to contribute to solving major 
environmental problems. 
 Mistra’s programmes cut across disciplinary 
boundaries, and the results are intended to fi nd 
practical applications in companies, public agencies 
and non-governmental organizations. 
 Mistra provides funding for some twenty major 
programmes, each extending over six to eight years. 
All of them have the aim of building bridges, both 
between disciplines and between researchers and 
users. 
 The Foundation’s strategy is to seek to ensure that 
its funds produce a threefold return: strong research 
environments that create value for users, asset 
management in support of sustainable development, 
and active communication to make the results 
known.

Further information can be found on our web site: 
www.mistra.org


