
 
 

Responsible  (Name, Organisation) 
Sara Erkfeldt, Volvo Technology AB 

 

FINAL REPORT 

Page 

1(51) 

Issuer  (Name, Organisation) 

Sara Erkfeldt, Volvo Technology AB 

Date 

2015-09-07 

WP No 

1100-1300 

Report No 

 

Subject 

Final report  (Publishable Summary)  

Dissem. Level 

PU 
 

 

 

HCV Hybrid Commercial Vehicle ï Final report_Rev1  page 1 of 51 

PROJECT FINAL REPORT 
PUBLISHABLE SUMMARY 

 

 

 

Grant Agreement number: 234019  

Project acronym: HCV 

Project title: Hybrid Commercial Vehicle 

Funding Scheme: Collaborative project 

Period covered:   from 2010-01-01 to 2014-06-30 

Name, title and organisation of the scientific representative of the project's coordinator1:  

Sara Erkfeldt, Dr, Volvo Technology AB 

Tel: +46 31 322 0989 

Fax: +46 31 772 4070 

E-mail: sara.erkfeldt@volvo.com 

Project website2 address: http://www.hcv-project.eu 

 

                                                 
1 Usually the contact person of the coordinator as specified in Art. 8.1. of the Grant Agreement. 
2 The home page of the website should contain the generic European flag and the FP7 logo which are available in electronic format at 

the Europa website (logo of the European flag: http://europa.eu/abc/symbols/emblem/index_en.htm logo of the 7th 

FP: http://ec.europa.eu/research/fp7/index_en.cfm?pg=logos). The area of activity of the project should also be mentioned. 

http://www.hcv-project.eu/
http://europa.eu/abc/symbols/emblem/index_en.htm
http://ec.europa.eu/research/fp7/index_en.cfm?pg=logos


 
 

 

HCV Hybrid Commercial Vehicle ï Final report_Rev1  page 2 of 51 

Table of contents 

 

4.1 Final publishable summary report ............................................................................................ 3 
Executive summary ...................................................................................................................... 3 

Summary description of project context and objectives............................................................... 4 
Description of the main scientific and technological results ........................................................ 7 

SP1000 ï Coordination, dissemination and Hybrid User Forum .................................. 7 
Hybrid User Forum................................................................................................................................ 7 

SP2000 - Auxiliaries for comfort, chassis and powertrain ............................................ 8 
CO2 Reduction ï Fuel Consumption ..................................................................................................... 8 
Costs .................................................................................................................................................... 10 
Electrified Components ....................................................................................................................... 10 
Chosen Components ............................................................................................................................ 10 

SP3000 - Energy storage system ................................................................................. 14 
Objectives ............................................................................................................................................ 14 
Samples under test ............................................................................................................................... 18 
Key experimental results and main conclusions .................................................................................. 18 
Electrical testing .................................................................................................................................. 19 
Conclusions ......................................................................................................................................... 21 

SP4000 ï Hybrid bus demonstrator............................................................................. 21 
SP5000 ï Hybrid distribution truck demonstrator ...................................................... 25 

Hybrid distribution truck demonstrator build up ................................................................................. 25 
Tuning and preliminary testing............................................................................................................ 26 
Extended testing .................................................................................................................................. 26 
Lithium-Ion 45kW Energy Storage System ........................................................................................ 27 
Supercap Energy Storage System ........................................................................................................ 28 
Electric air conditioning ...................................................................................................................... 30 
12V supercap module integration and tests ......................................................................................... 32 
Mechanical installation on vehicle of the EPB .................................................................................... 32 

SP6000 ï Drive cycles, test procedures and demonstrations ...................................... 33 

Potential impact and the main dissemination activities and exploitation of results ................... 37 
SP2000......................................................................................................................... 37 

SP3000......................................................................................................................... 38 
SP4000......................................................................................................................... 39 
SP5000......................................................................................................................... 39 

SP6000......................................................................................................................... 40 
Project public website and contact details .................................................................................. 41 

4.2 Use and dissemination of foreground ..................................................................................... 42 
Section A (Public) ...................................................................................................................... 42 



 
 

 

HCV Hybrid Commercial Vehicle ï Final report_Rev1  page 3 of 51 

4.1 Final publishable summary report 

Executive summary 

The Hybrid Commercial Vehicle project involves 18 partners including vehicle OEMs, suppliers, 

one engineering company, research institutes and universities. The objectives of the project is to 

analyse the current hybrid generation of the participants and do targeted development in order to 

¶ Reduce the cost of the hybrid components 

¶ Reduce the fuel consumption 

¶ Improve drivability 

¶ Improve emissions of substances and noise 

¶ Reduce the vehicle weight 

The goal is to at the end of the project demonstrate advanced second generation vehicles, 

components and technologies that fulfil the hard targets set for the project.  

 

Developments have been done on all levels reaching from implementation of components, 

improving control, safety and supervision systems, reducing vehicle weight and improving 

traditional vehicle components like gearbox and structure. Furthermore, test methods have been 

developed to simplify the evaluation of this kind of vehicles. Methods for chassis dynamometer 

tests have been investigated and HILS (Hardware-In-the-Loop Simulation) certification has been 

evaluated through both theoretical studies and rig testing. In terms of noise and emissions, pure 

electric driving has been evaluated, emissions of substances (NOx, particles, etc.) have been 

measured and diesel particulate filters developed and evaluated. Also advanced heat modes have 

been evaluated for improved fuel efficiency. The use of hybrid drive in commercial vehicles also 

introduces the possibility of electrification of auxiliary devices. Some of the normal production 

auxiliaries in charge of driver and passenger comfort functions, chassis and powertrain functions 

have been replaced by newly developed electrical auxiliaries. The main driver for electrification is 

the reduction of power required to run the auxiliaries and thus reduced fuel consumption.  

 

Demonstration of the current generation of hybrids has involved four different vehicle types: two 

city buses (Solaris and Volvo) and two trucks (Iveco and DAF). Tests were made in several cities in 

Europe and the data gathered were used to form a base for the design of the next generation vehicles 

as well as test procedures and simulations. Two advanced second generation hybrid demonstrators ï 

one 18-ton city bus and one 6-ton distribution truck have been developed, built and evaluated in real 

traffic to demonstrate the overall project targets.  

 

 
 

 
 

Market obstacles have been evaluated through a Hybrid User Forum gathering hybrid bus users 

from 13 countries for a neutral discussion on the state of the current offers, pinpoint issues and 

suggest improvements. For further information see the Hybrid User Forum website at 

http://hybriduserforum.eu and the HCV project public website at http://hcv-project.eu. 

Figure 1. HCV demonstrators (early and advanced 2
nd

 generation) 

http://hybriduserforum.eu/
http://hcv-project.eu/
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Summary description of project context and objectives 

The evolving emission legislation and the increasing fuel prices accompanied by a global CO2 

emission reduction discussion represent an extremely challenging demand for research and 

development. Known improvement measures of pollutant emissions usually come along with 

deterioration of engine efficiency and vice versa, e.g. the NOx/fuel economy trade-off is well known 

for diesel engines. Therefore the real challenge is to find new compromises on improved levels for 

both ï fuel consumption and pollutant emissions. 

 

With this background, the hybrid electric vehicle is an excellent option for simultaneous reduction 

of fuel consumption and exhaust emissions. Research efforts are needed to develop high-efficient 

hybrid systems including hybrid components such as the energy storage system, the electric 

machine, power electronics and electric auxiliaries. 

 

The HCV project aims to develop urban buses and delivery vehicles with advanced second 

generation of energy efficient hybrid electric powertrains. The final result is the demonstration of a 

passenger bus and a distribution truck with this advanced technology. In addition, early second 

generation buses and distribution trucks are demonstrated in practical real-life conditions in 

different cities in the enlarged Europe in order to ensure good acceptance by public transport, 

delivery operators, drivers and passengers. 

 

Research, development and demonstration are made of innovative e-drives, energy storage 

technologies as well as auxiliary components. In addition lightweight body technologies are 

demonstrated. 

 

Cost is today considered as a major obstacle for market introduction of hybrid technologies in 

commercial vehicles. The development of the second generation hybrid system represents a major 

cost reduction potential. Important issues for cost reduction are to make more modular systems and 

to increase the degree of integration of e.g. cooling systems. The cost reduction objective in this 

project corresponds to an average 40% decrease of main hybrid components compared to early 

second generation of hybrids. Cost reduction will be achieved mainly by focusing on the energy 

storage and the electric drive system. The transmission of the powertrain is also simplified by 

introducing new technology. 

 

The objectives of the HCV concept are also to develop high-efficient hybrid systems and 

components enabling mass market introduction. The project target is to reach a fuel consumption 

reduction of 30% in a city bus cycle compared to state-of-the art conventional powertrains and 5% 

with respect to early second generation vehicles. Exhaust emissions will be substantially improved 

during real-life driving conditions. Noise reduction will be demonstrated in full electric mode 

during take-off. 

 

The use of hybrid drive in commercial vehicles also introduces the possibility of electrification of 

auxiliary devices in order to reduce the power required to run the auxiliaries and thus reduce fuel 

consumption. The project aims to develop and evaluate state-of-the-art auxiliary components for 

passenger comfort, chassis and powertrain functions. In order to achieve maximum efficiency the 

electrical and thermal flows are optimised from both hardware and control strategies perspective. 

 

An 18-ton passenger bus demonstrator and a 6-ton distribution truck demonstrator are fully 

developed in the project. A low weight body is demonstrated for the 18-ton bus and some weight 
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optimisation is made on the distribution truck. The hybrid electric concepts in the HCV project aims 

to further integrate components and to improve the hybrid system with new gearboxes, 

electrification of auxiliaries and advanced control systems. A total of 12 demonstrators are exposed 

within the project. New advanced technologies will be tested and made public across Europe from 

east to west and north to south in a variation of climates and seasons. Early second generation 

vehicles will be evaluated in seven different cities in Europe in collaboration between vehicle 

OEMs and a large European bus operator. Advanced second generation hybrid vehicles will be 

evaluated by the two OEMs in three different cities. 

 

The project is utilising early second generation hybrid technology as input when developing 

advanced second generation technology. The main improvements from early to advanced second 

generation technology are: 

¶ Lower product cost 

¶ Lower fuel consumption, noise and toxic emissions 

¶ Improved drivability and comfort for passengers 

 

The principal layout of the HCV project is demonstrated in Figure 2.  

 

 

Figure 2. Illustration of work carried out in the project covering the demonstration of early second generation 

vehicles and development of subsystems to the demonstration of a daily distributor van and a city bus and the 

final evaluation of obstacles to market introduction   

 

As illustrated by the scheme in Figure 2 above the project consists of four main clusters of 

activities: 

 

1. Early second generation vehicles (one type of distribution truck and three types of city busses) 

will be used by OEMôs and one fleet operator in real city environments in Europe and in rig tests 

(chassis dynamometer). Non-hybrid reference vehicles will also be tested. The hybrid vehicles will 

gather information used in the later stages of the project as well as generate public awareness of 

hybrid technology in commercial transports. The presence of the hybrid vehicles will be utilised for 

communicating with customers such as fleet owners. Market obstacles for hybrid vehicles will be 

assembled and categorised through customer questionnaires and interviews. Baseline performance 

data will be determined jointly for the two vehicle types in relevant drive cycles in rig tests. 

 

2. Common components, functionalities and communication standards will be developed for the 

energy storage system and auxiliaries used in the two second generation hybrid bus demonstrators. 

Auxiliaries and energy supply will be optimised from an energy flow point of view. These activities 

will be carried out by suppliers and research institutes in collaboration with the OEMôs that will  

utilise the technology. 

 

3. Two advanced second generation hybrid demonstrators ï one 18-ton city bus and one 6-ton 

distributor truck - will be developed and validated in two sub-projects. The targets set in the project 

will be assessed under relevant conditions utilising drive cycles from earlier project work. The 

demonstrator vehicles will be tested in rigs (chassis dynamometer) and in real traffic. For the 18-ton 
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bus, the demonstrator will be assessed by a large European bus traffic operator. Relative product 

cost data, performance data (fuel consumption, noise, toxic emissions) and drivability data will be 

quantified for the demonstrators. 

 

4. The results from the demonstrators will be used in order to assess how well market obstacles 

have been addressed by the second generation hybrid vehicles. This work is done in close 

collaboration between the bus traffic operator and the four OEMs. 

 

The HCV project is divided in five subprojects (SP1000-SP5000) as shown in Figure 3 below. 

 
 

  

 
 

 

Year 1 Year 2 Year 3 Year 4 

Coordination and dissemination   
 SP1000 

Advanced 2
nd

 generation hybrid distribution truck demonstrator 
 SP5000 

Advanced 2
nd

 generation hybrid bus demonstrator  
 SP4000 

Common component development, auxiliaries  
 SP2000 

Common component development, electric storage system 
 SP3000 

Early 2
nd

 generation vehicles, drive cycles, real world emissions, market study, 
demonstration  SP6000 

Project 
evaluation 

Year 5 
 

Figure 3. Principal project work plan  
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Description of the main scientific and technological results 

The main results are described per sub-project below.  

SP1000 ς Coordination, dissemination and Hybrid User Forum 

The first subproject has mainly been devoted to the coordination and management of the project. 

This also includes planning and coordinating the dissemination and exploitation of the project 

results, which is described in section 4.2. Another part of SP1000 is the Hybrid User Forum which 

will be further described below. 

Hybrid User Forum 

Market obstacles are evaluated through a Hybrid User Forum that gather users (transport operators 

and transport organisations) for a neutral discussion on the state of the current offers, pinpoint 

issues and suggest improvements. There have been regular meetings along the whole of the project 

in this forum. It was originally divided into a bus and a truck section, but although two truck section 

workshops were widely advertised the response was low and it was decided to disband this section. 

The bus section, on the other hand, has 30+ participants representing 19 public transport operators, 

7 local or regional authorities and 5 others from 13 countries. Overall, the Forum represents a fleet 

of more than 62,000 buses in operation. The international association for public transport (UITP) is 

working actively in the Forum. Four workshops have been held for the bus section. The first one 

was in May 2011 in London at Transport for London/London Buses. The second one was organised 

in the Dutch cities of Dordrecht and Rotterdam in May 2012. The 2013 workshop was hosted by 

TMB, the public transport operator of Barcelona. The fourth and final workshop took place in 

Gothenburg, where Volvo is located, in connection with the final general meeting and workshop of 

HCV. A questionnaire was designed and sent out prior to the meetings in order to get data about the 

number and size of hybrid buses in operation, the expectations and experience as well as the driving 

forces and obstacles. It became very clear that not all hybrid buses on the market fulfil customer 

expectations. A comparatively low availability and unsatisfactory fuel savings were key points of 

criticism. At the same time, it was remarked that some improvements are noted and that some bus 

types work on a good level of fuel savings and availability.  

 

>10% higher 
than for 

conventional 
buses
11%

5-10% higher than for 
conventional buses

0%

<5% higher than for 
conventional buses

0%

similar
5%

<5% lower than for 
conventional buses

0%

5-10% lower than for 
conventional buses

17%

10-15% lower than for 
conventional buses

11%

15-20% lower than for 
conventional buses

17%

20-25% lower than for 
conventional buses

22%

25-30 % lower than for 
conventional buses

17%

more than 30% lower than 
for conventional buses

0%

HUF experience regarding hybrids consumptionData from HUF questionnaire

 

Figure 4. HUF experiences regarding fuel consumption of hybrid buses (data from HUF questionnaire) 
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SP2000 - Auxiliaries for comfort, chassis and powertrain 

The partners (AVL, CRF, Solaris and CERTH) involved in this part of the project are responsible 

for replacing some of the normal production mechanical auxiliaries in charge of passenger comfort 

functions, chassis functions and powertrain functions with newly developed electrical auxiliaries 

whilst keeping at least the same performance for the same functions. The main driver for the 

electrification of these auxiliaries is the reduction of power required to run the auxiliaries and as 

consequence reduced CO2 emissions through the fuel consumption reduction. A short workflow is 

represented by the pictures on Figure 5. 

 
 

 

 

Figure 5. Virtual assessment ï Requirements/specifications ï Prototype ï Integration ï Testing 

 

Followed by simulation of the predicted improvement potential using the AVL simulation tool 

CRUISE, the following electrified auxiliaries have been developed: electrical air conditioning 

system, electric air compressor and heating, electric actuated mechanical braking, electro-hydraulic 

steering system, electric fan and high power generator. Additionally, an electric heated diesel 

particle filter has been designed and was tested in year 2013. A short summary of the main outcome 

of the electrification of auxiliaries is shown in Table 1. 

 

Table 1. Main outcome of auxiliariesô electrification in SP2000 

Component Main Benefit 

Electric Air conditioning å60% less power consumption 

Electric Air Compressor ҒтΦт҈ ƭƻǿŜǊ C/ 

Electric Heating ҒуΦф҈ ƭƻǿŜǊ C/ 

Electric actuated mechanical braking Improved or similar braking performance 

Electro-hydraulic steering ҒмΦт҈ ƭƻǿŜǊ C/ 

Electric fan ҒпΦс҈ ƭƻǿŜǊ C/ 

High power generator Ғол҈ ƭƻǿŜǊ ŜƴƎƛƴŜ ƭƻŀŘ ǘƻ ǇǊƻŘǳŎŜ ŜƭŜŎǘǊƛŎƛǘȅ 

e-HDPF (electrically regenerated) ҒлΦс҈ ƭƻǿŜǊ C/Σ Ғрл҈ Ŏƻǎǘ ƻŦ ǊŜǇƭŀŎŜƳŜƴǘ 

 

CO2 Reduction ς Fuel Consumption 

The potential of fuel consumption (FC) and therefore CO2 reduction was evaluated via simulation 

methods. For the auxiliaries the potential of possible reduction by electrification of each component 

was analysed. The results showed that the highest fuel reduction potential electrifying auxiliaries is 

achieved in the BSG (Belt Starter Generator) system ï the lowest in the PS (Power Split) mode. 

Complex systems have higher fuel consumption potential. Concerning the components the Power 

Steering shows the highest potential for reducing fuel consumption. 

 

For the delivery truck the expected power consumption improvement shall be achieved by 

electrification of the air condition compressor (power steering is already electrified).  For the 
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delivery truck the cooling need is on average 6.2 kW which is achieved with an actual mechanical 

power via the belt of 4.1 kW or via an electric motor with 1.4 kW (see Table 2). The reduction of 

average power from 4.1 to 1.4 kW (data provided by CRF) corresponds to a fuel saving of 8.5 % in 

the simulations. The expected power consumption improvement is 65 %. 

 

Table 2. Auxiliary specification for the delivery truck 

TARGET SPECIFICATIONS ** 

for "Early second generation"

Actual Specifications*

"Early second generation"

(6-Speed AMT)

Expected Improvement*

"Advanced second generation"

Type --- mechanical mechanical electrified

Average Performance kW 6.2 5.1 6.2

Average power consumption kW 4.1 3.0 1.4

*).......Provided Data by CRF

**).....Target Specifiations based on CRF measurement/test conditions with mechanical Air Condition (A/C) @ NEDC Cycle, with 5-Speed MT:

..........Vehicle speed: 33.5 km/h (mean vehicle speed on NEDC cycle); Blower: 50% of maximum air blown; 

ΦΦΦΦΦΦΦΦΦΦ{ǳƳƳŜǊ ǎǘŀƴŘŀǊŘ ǘŜǎǘ ŎƻƴŘƛǘƛƻƴǎΥ нуϲ/ ς рл ҈ wΦIΦ όwŜƭŀǘƛǾŜ IǳƳƛŘƛǘȅύΤ aŀȄƛƳǳƳ ǾŜƴǘƛƭŀǘƛƻƴ ƻƴ ǘƘŜ ŜǾŀǇƻǊŀǘƻǊ

..........Operation Strategy:  Worst Case Operation (maximum cooling power is required); A/C is operated with the maximum attainable performance

Air Condition

Auxiliary Specification & expected improvement:

Early 2nd generation HEV vs Advanced 2nd generation HEV

DRAFT CYCLE: "TNO HCV Urban hybrid distribution truck cycle"

 
 

Table 3 shows the auxiliaries studied for the city bus: the electrification of the hydraulic cooling fan 

(a decrease from 8.3 to 6.7 kW), hydraulic power steering (from 2.5 to 2.0 kW) and the mechanical 

air compressor (from 3.0 to 2.4 kW). Improving the efficiency of the air compressor will decrease 

the (converted) power consumption of the components operated by compressed air by 20 %. The 

A/C is not being electrified. 

 

Table 3. Auxiliary specification for the city bus 

Actual Specifications*

"Early second generation"

Expected Improvement*

"Advanced second generation"

mechanical electrified

60% 75%

Average Performance kW

Average power consumption kW 8.3 6.67

Average Performance kW

Average power consumption kW 2.5 2.00

Total average Performance kW

Subsystem Doors kW

Subsystem ECASkW

Subsystem Brakes kW

Total average power consumption kW 3.0 2.40

Subsystem Doors kW 0.4 0.29

Subsystem ECASkW 1.9 1.54

Subsystem Brakes kW 0.7 0.58

5

1.5

1.8

0.2

1.2

0.4

*).......Provided Data by Solaris     

Auxiliary Specification & expected improvement:

Early 2nd generation HEV vs. Advanced 2nd generation HEV

Total (average) efficiency for the efficiency chain of the AUX System

Version of AUX System

Fan drive system

Powersteering

Air compressor

 
 

The simulation shows a total fuel consumption improvement potential of 6.0 % depending on the 

idle speed of the combustion engine on the HCV hybrid city bus cycle. The target of 5 % is 

achieved. An assumption is that in the early 2
nd

 generation hybrid the engine is always running in 

idle during vehicle standstill to supply the energy demand for the mechanical auxiliaries, but for the 

advanced 2
nd

 generation hybrid they are electrified and therefore the energy generation is optimized. 

The efficiency of the auxiliary system of the advanced 2
nd

 generation hybrid must be greater than 

72.6 % (60 % for the early 2
nd

 generation) to reach the project target. 
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Costs 

The cost analyses of the different systems/components investigated is partly very difficult because 

the components are just prototypes and their cost is dependent on production costs, which are 

dependent on the amount of components produced. The results of the costs assessment is provided 

in deliverable ñD2500.1 Decision_Matrixò. Due to confidential content the results cannot be 

disclosed here. 

Electrified Components 

Table 4 shows which auxiliaries were investigated concerning their possible electrification. 

 

Table 4, Electrified components and the corresponding work package 

Electrified Component Sub-Systems Work Package 

A/C Compressor  WP2200 

Air Compressor  WP2200 

Heating System 

Air Conditioning 

WP2200 

Heating Fluid Pump 

Electrical Heating Device 

Heater 

Convector 

Front Box 

IŜŀǘŜǊ ƛƴ 5ǊƛǾŜǊΩǎ tƭŀǘŦƻǊƳ 

Actuated Mechanical Brakes  WP2300 

Power steering  WP2300 

High Power Generator  WP2400 

Engine Cooling Fan  WP2400 

Diesel After-Treatment System  WP2400 
 

Chosen Components 

The chosen components are listed and further described below.  

Electrical A/C Compressor ï DENSO ES27 

The fuel consumption of this A/C compressor depends significantly on the control strategy. With 

the strategy it is possible to reduce the discharge pressure and the radiator fan activations. In the 

Table 5 the A/C compressor main specifications are detailed; three different compressor sizes have 

been compared and the selected compressor size, which has been used in the new air conditioning 

system developed in the HCV project, has been highlighted in yellow.  
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Table 5. Comparison of the DENSO compressors 

 
 

Electrical Air Compressor - Hydrovane V6T Vane - Compressor 

Figure 6 shows the installation scheme of the air compressor including the electric motor driving 

the compressor. 

 

 

Figure 6. Total e-heating system driven by the 3-phase electric SIEMENS motor 
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Electrical Heating System 

The total heating and air conditioning system consists of the components shown in Figure 7. 

 

 

Figure 7. Connection and flow of heating agent in the e-heating system 

 

Electro Mechanical Braking System 

The EM Brake System at rear axle is made of: 

 
1) EM Calliper (x2) shall include: 

- Calliper 

- EMAU, which includes: 

Á Electric Motor 
Á MAU ï Mechanical Actuator Unit 

Á EPB actuation system 

Á Sensors (commutation, position, force, temperature, é) 
- Piston 

- Harness 

- Connector 
- ACU (x2) 

Á Main processor unit 

Á Power Electronics (motor driver) 
Á Communications Unit 

Á Associated software 

Á Housing 
Á Connector 

2) Brake Pads Set (x 2) 

3) Brake Discs (x 2) 

 

Power Steering System 

The system used included these components: 

 

¶ Electric motor TAMEL 4SLg100L -4A-IE2 

¶ Hydraulic pump  BOSCH REXROTH PGF2-2X/008RE01VE4 

o Steering gear  ZF 8098.955.806. 

 

The layout of the system is presented in Figure 8. 
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Electric motor 
TAMEL 2,2kW 

BOSCH-REXROTH pump 
PGF2-22 008RE01VE04-8CCM 

Check 
control 

Steering gear 
ZF 

8098.955.806 

 

Figure 8: Electric power steering system (side view) 

 

High Power Generator 

The Vanner power generator HVDC (see Table 6) has been chosen for implementation in the test 

bus because it is efficient, very reliable, has reduced maintenance costs and can be placed instead of 

a belt driven alternator or parallel to it.  

 

Table 6: Details for the Vanner high power generator 

Component CO2 Reduction Costs Weight Packaging and Implementation Effort 

Vanner power 
generator  

HVDC 

 potential to reduce 
power consumption by 
30-60 % compared to a 

mechanical one 

reduced 
maintenance 

cost 
34 kg 

roof mounted, decoupled from engine - no risk of thermal events, 
more flexibility and efficiency; mounting on a flat horizontal surface 
not in a zero-clearance compartment (overheating); min 4 inches 
distance  to fan inlet and outlet. Special cable for connection with 

existing electrics needed. 

 

Electric engine cooling fan 

In Table 7 the main advantages of the electrical fan compared to the standard production one and 

the main reasons for choosing this specific fan can be seen. 

 

Table 7: Properties of the electrical fan 

System Component CO2 Reduction Costs Weight Packaging and Implementation Effort 

Electric 
Fan 

ebm-papst W3G 
300 - ER 38 - 45 

(Cummins 
ISB 6.7 285H 

+ Vossloh Kiepe) 

CO2 emission increased by 4 
%; fuel consumption was 4.6 
% lower in test; ev. leading to 

1.2 - 5 % for real load 
conditions 

 

2.5 kg (six units so 
around 18 kg 

compared to 40 kg of 
the hydrostatic fan) 

A higher amount of smaller electrical fans can be 
packaged in a unit - much more flexibility in size 

and packaging; No mounting limitations, 
integrated brushless engine. Smaller size and 

lower weight than hydrostatic fan. 

 

Electrified DPF system 

The final design with main dimensions is shown in Figure 9 below. 
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Figure 9. Top front and side projection views of the finalised design for the e-DPF exhaust device. 

 

Near-final construction stages of the e-DPF exhaust line component can be seen in Figure 10. 

 

(a)     (b)  

Figure 10. Advanced stages of the e-DPF prototype build (exhaust line component). 

SP3000 - Energy storage system 

Objectives 

The ñEnergy Storage Systemsò subproject (SP3000) has been dedicated to the experimental 

evaluation of the performance and reliability of the storage components (cells and modules) in 

relation to the specific HEV architectures and drivetrains, developed in the HCV project. This 

subproject has been aimed at better assisting suppliers/assemblers and vehicles manufacturers in 

designing and installing the various storage systems and optimizing their use in different hybrid 

vehicle applications. These activities have been focused on the analysis of electrical and safety 

performances and on the development of mathematical models of two energy storage technologies, 

which may play a fundamental role for the success of market introduction of hybrid vehicles: 

lithium-ion (Li) batteries and supercapacitors (SC). 

The main objectives of the activities on energy storage systems have been:  
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1) to improve the reliability/safety and reduce the costs of the Electric Energy Storage;  

2) to carry out basic characterization for evaluation & bench test of technologies/suppliers 

(including, for the power buffer type, supercapacitors) allowable for short-medium term 

industrial applicability;  

3) to carry out ageing, safety and life testing, and modelling implementation for control 

optimisation (estimation of State of Health and State of Life). 

 

These activities have been jointly carried out by 7 organizations (AIT-Austrian Institute of 

Technology, DimacRed, ENEA, IVECO-Altra, Magna, University of Pisa and Volvo) and is 

summarised below, by describing the tailored testing procedures, based on the specific HEV 

configurations and targeted performances, and the main experimental results so far achieved in 

various test activities and in different laboratories, with some reference to the developed 

mathematical models. 

SP3000 approach and test procedures 

The testing activities were mostly aimed at optimizing the use and understanding the behaviour of 

the energy storage systems in the HCV applications. The activities have been concentrated on 

electrical and abuse testing on the selected storage technologies selected: lithium-ion batteries and 

supercapacitors (SC). The samples to be tested were single cells or complete modules (basic 

assembled unit of the final storage system to be used on the different HEVs) of Li-ion and SCs. 

 

The dedicated test procedures have been developed by adapting existing procedures and standards 

to the HCV-specific Li or SC cells and modules and on restricted types of applications: the used 

approach can be easily extrapolated or extended to other vehicle types, whenever operating 

conditions and duty cycles for the battery systems are made available. Furthermore, the set has also 

a secondary ambition to test and validate specific tests (as ageing or cycle life), which can be 

eventually utilized, as pre-normative research and international collaborations, in standard 

definitions, even if some confidentiality aspects of the tested technology must be maintained. For 

the abuse testing, a cost-effective test matrix was also prepared to combine more valuable test 

sequence with the available number of samples. 

 

The approach used in specializing already available test procedures (and even standards) to the 

experimental energy storage test needs in the HCV project is very simple and follows a 4-step route:  

1. EUCAR and FreedomCar testing procedures and also various specific standards have been 

carefully revised and adapted.  

2. The test sequences mostly containing operating conditions and general duty cycles in 

existing procedures have been changed by introducing the operating conditions and 

performance characteristics identified for the HCV commercial HEVs. These modifications 

have been made possible by the definition of the technical specifications of the HEVs and of 

the storage systems by the two vehicle manufacturers at the beginning of the project.  

3. Application-oriented duty cycles as identified by the vehicle manufacturers have been used 

for the execution of life and ageing tests that are still underway. 

4. Definition and use of additional tests for the development of mathematical models of the 

HCV storage technologies and for the identification of performance characteristics or 

module design and control needs. 

 
There are two 2

nd
 generation HEV under development in the HCV project that have been used as 

reference HEVs (both parallel hybrid vehicles) for the definition of the basic technical 

specifications to be used for the design and test of the energy storage system (ESS). Altra-IVECO 
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has been improving a Daily 3.5 ton delivery van with a powertrain requiring from the ESS a 

maximum power (in charge and discharge) of 45 kW, a maximum voltage and current of about 

300 V and 200 A and an available energy up to the end-of-life (EOL) of 800 Wh: these 

specifications have been defined for two alternative ESS, one based on Li-ion technology and the 

other one on SC; instead, Volvo has been developing a 12-m city bus (a second generation parallel 

hybrid) only using an Li-ion ESS with the following specifications: peak power of 90 kW over the 

life (120 kW at BOL), a rated voltage of 633 V, a peak current of 150 A, and an available energy 

also at EOL of 1200 Wh. 

 

These technical characteristics have been scaled down and adapted to the sample sizes (cells and 

modules) by using the concept of Battery Size Factor (BSF), intended as an integer number, which 

is the minimum number of cells expected to be required to meet all the performance and life targets. 

These BSF remain constant scaling factors for all subsequent performance and cycle life tests. Any 

test profile is then scaled by dividing the nominal profile power levels by the BSF. For example, by 

applying this BSF to the Altra ESS design, the 45-kW Peak Discharge Power for HCV to be used in 

life cycling test would then be reduced at a pulse power level of 45000/192 º 230 W for Li-ion 

cells, while for SC cells a pulse power level 312.5 W must be used. In case of module testing, the 

achieved pulse power must be multiplied by the number of cells in the module. 

 

Both manufacturers have defined (or measured) power duty cycles for the reference HEVs. For 

example, Altra-IVECO has proposed a power micro-cycle for the mild hybrid version of its Daily 

van. The reference micro cycle for this configuration is described in Figure 11. The overall duration 

is of 167 sec, which corresponds to a travelled distance of 1 km and an ESS variation of SOC 

(State-Of-Charge) of 5 %.  

 

For life testing analysis, this micro-cycle must be repeated 180 times in a day (with an idle time of 

10 min every 18 micro-cycles) and in total 45,000 times in a year. To take into account also 

temperature effects and variations, three different temperatures have been selected (20, 30 and 

40°C) for carrying out yearly cycles. Analogously, Volvo has supplied more detailed and 

experimental duty cycles (power and cell voltage and current) for a typical city urban route. 

 

 

Figure 11: Selected power micro-cycle for Altra HEV Daily van. 

 

A specific test matrix for modelling purposes has been defined and verified. The test shown in 

Figure 12 is able to give a lot of information on the battery, much more than only the OCV-

Correlation curve. For its importance it is given in this document a name of its own: it will be called 

Multiple -Step Test (MST). This test can be performed exactly as reported in Figure 12, starting 

from a fullyïdischarged battery or a fully-charged battery and by using charging current steps or 

discharging current steps. Therefore, the MST can be charge-based and discharge-based. 
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Figure 12: The discharge-based Multiple-Step Test. Green: current; red: voltage. 

 

Each MST will be performed, both in charge and discharge at different temperatures. Moreover, 

they will be basically performed on single cells, to evaluate actual cell performance, independently 

on the effects of the Battery Management System (BMS). 

Electrical test procedures for Li and SC 

The electrical test procedures of Li and SC cells and modules have been structured in five different 

test sequences aimed at different testing scopes: 

1. General preparation tests. 

2. Basic characterizations for the designed operating conditions of the HCV demonstrators. 

3. Ageing ï accelerated life testing to estimate cell life under with degradation accelerating 

factors to give quick feedback to system design and road demonstrations phases. 

4. Management-oriented tests on a small set of series-connected cells (or module with 

balancing electronic board) to study management needs in terms of voltage dispersion and 

thermal control. 

5. Input measurements for modelling to collect operating data for the definition and validation 

of mathematical models. 

Test matrices have been also prepared to optimize the use of available number of samples (initially 

limited by budget restrictions) among the various tests (including safety) and laboratories. 

Safety test procedures for Li and SC  

Abuse testing is aimed at characterizing energy storage systems Li and SC cells and modules during 

off- normal or in severe operating conditions/environments. The test program of abuse testing has 

the main objective to identify through controlled simulation testing all the possible risks conditions. 

These conditions have been then analysed to clearly define mitigation measures to be used in 

design, control and usage of such storage systems. Failure pathways have been also investigated by 

means of the abuse testing results (and not on post-mortem analysis), so as to eventually propose 

novel parameters. 

 

After the verification of compatibility of testing condition in existing safety test procedures and 

standards with HCV ESS specifications, the abuse testing and safety procedure has been 

concentrating on: 

1. Mechanical (vibration)  

2. Thermal  

3. Electrical  
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4. Mixed (for example mechanical and electrical together) 

A safety testing matrix, based on key influencing parameters, has clearly identified the needed cells. 

Samples under test 

Basically, the lithium-ion cell technology used in the project is based on iron phosphate cathode, 

while the SC cells were based on a commercial carbon/carbon technology. A set of 200 Li cells (an 

advanced generation of 4.4 Ah and 3.3 V each) have been made available together with more than 

60 SC cells (3000F and 2.7V). In addition, various Li and SC modules have been assembled for 

dedicated testing (abuse and electrical, see Figure 13).  

 

a)        b)   

Figure 13. 1st Generation SC module (16.2V, 500F, 5.9 kW/kg) supplied by DimacRed (a), Li -ion module (8.5 

Ah, 59.4 V, 505 Wh, 11.25 kW, about 10 kg) with cover prepared by Magna e-car (b) 

 

Key experimental results and main conclusions 

For about four years electrical and safety testing have been carried out on Li (200 available) and SC 

(40 available) cells and modules (about 20 in total). 

 

Safety testing 

Safety testing on cells has confirmed the general reliability in most common stresses and shocks: 

mechanical, thermal and electrical. Before Overcharge/Overvoltage test, the cells were formed with 

three cycles and charged to SOC = 100%. The test was conducted at room temperature. 4-wire 

sensing system was used for the electrical measurements. The thermal measurements were 

conducted with two temperature sensors on the surface of the battery and with one temperature 

sensor close to the safety valve (Figure 14a). Li cells were overcharged to a total SOC = 150%. 

Again no catastrophic event or a voltage breakdown could be observed. 

 

a)     b)  

Figure 14. Setup for overcharge test, 4 wire sensing, 3 thermal sensors (2 surface, 1 valve) (a) and SC cell 

deformation after crush test (b) 
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Similar safety tests have been carried out on SC cells. Figure 14b shows an SC after crush test: 

deformation of the sample is clearly visible. The deformation was the only effect resulting in this 

test. Figure 15a shows the electro-dynamic shaker during the vibration test on an Li-ion module. 

 

a)     b)  

Figure 15. Electro-dynamic shaker for vibration tests on Li modules (a) and thermographic image of Gen 2 

SC module after vibration test (b). 

 

Figure 15b gives an example of one of the thermograms achieved after vibration test on an SC 

module. No significant change in the thermal behaviour was detected by thermo-graphic analysis 

executed during charge and discharge, before and after the vibration test. 

 

In general, it can be stated that no one of the cells of both Li-ion and SC technology showed 

uncritical behaviour during safety testing, being consistent with EUCAR safety level of acceptance. 

In no one of the tests, fire, rupture or explosion could be observed, even using gas emission 

measurements. The safety testing on modules gave clear results, confirming the high reliability of 

the selected technologies, with some recommendations for improvement, mostly related to the 

choice of the case material for SC modules. 

 

Electrical testing 

Basic characterization electrical testing 

Initial characterization and life cycling tests have been carried on all the cells and modules 

delivered at participating laboratories. Figure 16 clearly shows that the behaviour of the Li cells 

during storage at room temperature was almost stable, considering the level of industrialization of 

the supplied cells, while Figure 17 gives an example of capacity test on one Li cell. 
















































