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What is “H2Power”? 
 H2Power is a Life Plus project, funded by European Commission    

What is the purpose of this project?

We want to verify whether it feasible or not to use hydrogen as a fuel because:

-  The combustion of hydrogen produces only pure water as a waste product;

-   Hydrogen does not need to be transported or stored, but  can be generated where needed;

-   Hydrogen can be produced from water by means of hydrolysis;

-   Hydrogen is the primary source of energy in the Universe.

Have we been able to demonstrate all that?

Yes, we have obtained excellent result showing a sharp reduction CO2 emission.



A new chapter has opened in the science of urban transport



The project has the objective of verifying and demonstrating a sustainable technical alternative in

urban mobility, using alternative fuels to the traditional ones using hydrogen from renewable

sources. The proposed methodology foresees the preparation and development of a hydrogen -

methane fuelled city bus by conversion of a methane-fuelled bus.

This demonstrator would be useful for urban public transport agencies, for enterpris-

es with an internal fleet, for public utilities vehicles, for city mobility characterized by ur-

ban and extraurban burdensome routes, such as the ones of the Perugia Municipality.  

The technologies developed during this project may be easily transferred to other European realities 

with similar orographic features.     This is often the case of historic city centers.

- Objective 1:

  To attest and verify the feasibility of hydrogen-methane fuel on small public transport vehicles, 

  in urban and extra-urban areas with a high degree of orographic complexity.

- Objective 2: 

 Prepare and develop a demonstrator, consisting of a public transport vehicle provided with a 

               hydrogen-methane fuel system.

Technical Objectives are:

- Cleaner transport for  good quality air - To deliver and evaluate improvements in the efficiency and  

 environmental performance of the mobility system.

- Innovation – To progressively create a local public transport fleet made up of ecocompatible vehi- 

 cles and supporting researches, together with meetings and agreements with other local   

               authorities

- Integration – To ensure the added value of each implemented activity through an integrated   

 approach of the relevant city actors (policy makers, transport agencies, and the citizens)   

 in order to predict the potential impacts of implementing similar measures elsewhere in   

 Europe.

Technical , strategic and Political Objectives:

Project Description



EU ADDED VALUE OF THE PROJECT

EU added value from the mobility sector point of view: 

Mobility is a key sector for a sustainable development aiming to achieve the Kyoto protocol objec-

tives for the reduction of pollutant emissions.  Besides, the sector will benefit from an important  

steering process  in the innovation of technologies and of alternative fuels for  road traction

EU added value from the Partnership and stakeholders point of view: 

Various key players in the sector of public transport (from the public ones, such as the Municipality, 

to the Public Transport agency) will be able to exchange & transfer knowledge and experiences to 

other stakeholders through the development of ad hoc initiatives to be proposed to other national 

and European municipalities as well as to all the other stakeholders. Thus, contributing to setting

up an integrated approach to urban management, with particular reference to the mobility

sector, and to further influencing the decision making process in relation to regional & national 

strategies for clean mobility innovations

First presentation of the project in the room “Vaccara” Perugia.

from left: P.Spada; L.Naldini; G.Moriconi; Y.Meroz; R.Ciccone; R.Burri; R.Confidati



EFFORTS TOWARDS FOR REDUCING THE PROJECT’S “CARBON FOOTPRINT”

With reference to the project’s actions, the H2power partnership will make use of those technologies

providing a greater efficiency in terms of production and  a lower impact on resources: 

 the evaluation on the EROEI scale (Energy Returned on Energy Invested) will iden-

tify how much energy has been used for the production of a particular device.  

The calculation of the footprint is linked to this: indeed, since we have been using a lower quan-

tity of energy for the system production, a lower quantity of CO2 will have been produced.

The project aims directly at the reduction of petrol and its by-products, by substituting them

with a gas emitting only water as a combustion waste.

The association of the above mentioned indicator with the renewable energy production system,

gives as a result an energy with a very limited footprint impact, which then allows a reduction of

gases derived from carbon combustion.

The proposed solution, indeed, doesn’t include  “fuel cells”, which are characterized by the

optimization of the CO2 reduction process, but at the same time introduce an additional

EROEI parameter such as their own lifecycle environmental costs.

In the H2POWER proposal, the use of hydrogen in the combustion phase doesn’t need any

more the production intermediaries thanks to the direct process from  water to  fuel.

1. Making reference to the provision of H2 to be used in the mixture with methane, the

     project partnership will identify a supplier producing H2 from renewable sources.

2. Inclusion in the staff management of an Energy Manager to fulfil:

 a) Optimization of energy resources

 b) Implementation of strategies for energy saving

 c) Develop the report LCA

3. Introduction of LED lighting

4. Using a renewable energy plant for power generation

5. Inclusion in the staff of a Mobility Manager to optimize the transport operators

6. Priority use of the web portal to provide for download the necessary information

 7. Maximize the accessibility to IT equipment (DVD, brochures, etc.) on specific targets

    and on-demand and from Web dowload 

8. We have used wherever possible, the software “Open Source”

To contain CO2 emissions the following actions have been introduced:



LOGCHART  of the Project



The Log Chart

An effective way to summarize in a single image all the project activities and the timing of ac-
tions is shown in the graphic representation “LogChart.”
The diagram has been designed to keep in sync all the actions of their respective partners and 
the main activities to be carried out.
Unlike the representation of the Gannt type, the LogChart develops orthogonally with respect-
to the timing axis and in a form similar to logarithmic, so as to contract the timing of actions
that develop on long term and to contain in a single framework the whole project.
On the abscissae we have the main activity, as deliverables, outputs, targets, and so
on. The hyper-axis (X, Y) parallel to the ordinate, shows the content of the activities to be un-
dertaken.
The graphical representation LogChart is a map where the coordinates indicate the
precise state of the project at a given moment.
The LogChart was designed by R.Burri



Minibus selected for testing



The experiment carried out by the H2POWER project  was divided into two phases: a static 
phase and a dynamic phase, with the aim to verify the behavior of the whole system (electronic 
and mechanical) for a 2800 cc. Engine Iveco Daily minibus as a  demonstrator of H2POWER, 
when powered with fuel composed of a mixture of hydrogen and methane.
The working method  has used a technical committee composed of engineers and technical
experts for  planning and operational proposals. The briefing was oriented towards the
technical choices of the solutions that have been implemented and transferred to the vehicle.

The technical development

First testing phase
This consisted of the verification and analysis of the system of self regulation of the combustion 
through a network of distributed sensors and management of the control unit.
The activities were carried out at the IETC_Lab Egenera SRL  in Perugia (Italy).
The activities were developed according to a working plan which provided in the first phase, the 
study of the control unit (ECU) and of sensors acting on the burning process, and thereafter on 
the fuel injection system.

Simulation with National Instruments PXI and cRIO FPGI with motor cable connected to the ECU and the main 

sensor input simulated the stoichiometric ratio

A simulation was performed 
with National Instruments PXI 
and cRIO FPGI with a motor ca-
ble connected to the ECU while 
the main sensor input simulated 
the stoichiometric ratio .
In the study phase of the control 
unit of the vehicle, a special labo-
ratory at  Egenera analyzed and 
simulated the electronic control 
of the fuel mixture of the van.
The project H2POWER, has in-
deed the technical objective of 
determining which are the ma-
ximum percentages of hydrogen 
fuel that can be delivered in a 
methane-hydrogen mixture in a 
vehicle with a typical Otto cycle 
engine



The H2POWER project, indicate in the description of its specificity, the ability to implement a 
delivery system with separated dual circuit so as to modulate the mix of the two gases
variable depending on the need of power required by the motor.
The solution used has operated on a mixing system consisting of a double array of injectors 
applied on the intake manifold of the fuel supplied by a separate circuit of hydromethane to 
35% hydrogen.

TThe rule that operates the ECU ( Engine Control Unit) in the au-
tomatic management system in all combustion phases is binding 
for every variant which affects a typical combustion engine, and 
in this regard the first analysis to be carried out is an investiga-
tion on the specific characteristics of the ECU in order to be able 
to operate on it and carry out the necessary adaptations for a 
proper stoichiometry with a different fuel mixture than the one 

it was calibrated for.
The differences between hydrogen’s physico-chemical properties and methane’s are obvious : 
greater calorific power( pci 143.0 MJ / Kg) ,  lower density ( 0.09 kg/m3) , higher propagation 
speed ( 264cm / s ).
These characteristics necessitate an injection timing correction based on the percentages of 
hydrogen supply . The H2POWER project proposes a solution that is easily transferable to any 
vehicle which has a typical CNG injection without having to operate invasive changes to the 
power system , with the aim of being able to obtain a fuel usage  with a low emission of 
greenhouse gases.

In the second phase, unfortunately we found that the existing unit 
was not modifiable and it could be not adapted to manage the 
injectors with hydrogen fuel.
We then replaced the IAW1AF Magneti Marelli controller with an 
EFI Technology with electronics and customizable software. 

The test rig measurements have therefore resulted in some 
significant changes in the system,  in particular:
a) substitution of a new ECU and custom control software;
b) modification of the gas intake manifold.
Also some sensors have been modified, the entire electronic 
wiring has been changed to a 60-core loom, a circuit of sepa-
rate pipes has been installed, as well as a second hydrometha-
ne pressure reduction valve.
The engine system has been tested during standard cycles 

and measured via custom sensors at the engine test bench at the University of Perugia  Lab.

ECU- M. Marelli

ECU- EFI



Test Bench Room at Perugia University 

The motor is arrived at the University

Study of the changes to be made to the intake ma-
nifold. ( Calderini;  Prof. Grimaldi; Magherini)

Second testing phase

After having studied and acquired all the characteristics of the Van, from the control to the
fuel system and injection, we passed to the phase of experimentation and modifications.

The changes are mainly:
- Insertion of four new injectors

- addition of a H2 supply circuit

- Introduction of  a new control box and new cabling

- modification of sensors

The dual supply circuit has allowed us to 
extend the use of hydrogen with the  full 
benefit of the addition of a larger quan-
tity than could be obtained with a fixed 
supply system. The action of switching 
between the circuits to mix pure metha-
ne and H2, has made possible the application  of a torque sufficient  to support the loads during 
travel at different  regimes.

The switching of the dual supply system did not 
show the phenomena of  lack of combustion or mi-
sfiring at stop and go during handling. The hydro-
gen, due to its speed of diffusion and propagation, 
makes the combustion homogeneous and well di-
stributed throughout the combustion chamber.

insertion of the double power supply circuit CH4 + H2CH4



The same similar engine, placed on engine test bench of the University

The engine was tested under conditions of part-load operation at 2000 rpm and 4.5 bar mean 
effective pressure (corresponding to approximately 100 Nm of torque and power output  
of 21 kW) and maximum input (wide open throttle) from 1000 rpm to 4000 rpm .  
Even in these series of tests, after an appropriate period of warm-up, the engine temperature 
was maintained at about 85 ° C ± 2 ° C.

Testing Method

The fuels tested were of three types:
 1 - pure methane (CH4 100%) 
 2 - hydrogen-methane mix with H2 at  20% by volume (corresponding to 3.0% by mass)
 3 -  hydrogen-methane mix  with H2 at  35% by volume (corresponding to 6.3% by mass)

storage cylinders of hydro-methane dispensing hydrogen gas and methane



Ultimately by analyzing the behavior of the motor  the following conclusions could be drawn:

The CO emissions can also be drastically cut 
down, bringing them almost close to zero, 
already  into the engine’s cylinder.

The achievable reduction in NOx is extremely 
important; from 1,500 ppm with stoichiome-
tric methane, it reached about 80 ppm when 
the engine has been operating in a strongly 
lean regime, lambda = 1.70. 
This is clearly attributable to a drastic reduc-
tion of maximum temperatures reached in 
the combustion chamber.

thermodynamic efficiency values   

 - At the conclusion of the experiment and after analysis of the gases, it can be said that these 
are results of great interest. The electronic control system with dual power supply with 35% 
hydrogen, showed a reduction of carbon monoxide between 80 and 90 % in the second path 
(climbs, descents and maximum acceleration) and a reduction of between 20% to 40% of CO2, 
when compared with pure methane. 

Ultimately, by analyzing the behavior of the 
engine we can highlight the following conclu-
sions:
 - It is strongly advantageous to run the engi-
ne with a lean mixture exploiting the ability of 
hydrogen to extend the operating limit (flam-
mability and thus smooth operation of the 
engine, without misfiring or any  increase in 
the fluctuations of the torque delivered) until  
lambda reaches values next to 1.70. 
 - In doing so the fuel consumption can be re-
duced by 18% and the yield increases by 10%. 

In addition, NOx emissions are being cut by more than one order of magnitude and  CO2 
emissions are reduced to almost nothing.



Working Flow Chart 

The working method  that has been used is shown in the flowchart.



The completion of the work in the lab has allowed the team of H2POWER the transfer of the 
developed  technologies  to the demonstration vehicle.

On the road

The monitoring has analyzed the tor-
que power expressed along  urban 
routes and during various differences 
in road  slopes and the emissions of 
CO2 and hydrocarbons.
These were also compared  with the 
ones recorded in the  laboratory.
The sensors distributed throughout 
the test rig have acquired the neces-
sary parameters to lead to a hypothe-
sis of feasibility for the conversion of 
a compete vehicle fleet to a hydrogen 
mix.

Eng. Raffaele Confidati Eng. Renè Burri



The test route was designed to obtain a route with variable parameters typical of the city of 
Perugia or cities that have heavy gradients.
The data obtained from the monitoring, are the average of the four points of measurement 
(full ascent; descent; level road; maximum speed).
The overall average is obtained as a result of the use of hydrogen to its maximum level in the  
mixture when the torque required is compatible with flat routes while  switched to full natural 
gas supply when the torque demand is higher.

Conclusions
The ability to use the maximum mix of 35% hydrogen  on flat routes and average drive torque, 
shows the advantage of using this  technological  strategy of a dual system, which is capable 
of achieving a reduction of emissions of greenhouse gases around the 50% threshold; this is 
achieved because the efficiency of the system reduces the amount of methane that normally 
remains uncombusted (it’s also a greenhouse gas), which can then be added the percentage 

of CO2 saved in terms of greenhouse gases.
The specificity of the H2POWER dual supply 
system was confirmed to offer a much better 
performance than a  fixed mixture, allowing to 
extend the potential use of hydrogen to vehi-
cles that will no longer be capable to support 
emissions acceptable by European standards 
in the near future.
In terms of economic costs, we can highlight 
that the same savings of 18% of methane is 
able to compensate the depreciation cost of 
the retrofit.



Final Remarks

 H2Power  has achieved the following results:

H2Power has achieved the following results:
 - We have proved that with an introduction of H2 with a percentage of 35% in a gas engine 
(CNG) we can obtain a reduction up to 90% in CO; a reduction of CO2 up to 47% and an overall 
reduction of the fuel used up to 18%.

- Furthermore, we have demonstrated the full compatibility of a methane fuel system    
   with a percentage of H2 up to 35%

+35 % H2
- 90 % CO
- 47 % CO2
- 18 % Fuel



Communication 

At such a critical and sensitive time for our planet, on the brink of an irreversible climate 
change with catastrophic social and economic consequences, hydrogen must be regarded 
as an essential energy source.

Let’s keep in mind that the main purpose 

of the H2POWER project is to demonstra-

te a viable alternative to fossil fuels in or-

der to reduce greenhouse gases, so that 

we can attain the objective of the Kyoto 

Protocol, of the International agreemen-

ts on the sustainability of productive acti-

vities of the “202020”.

The only chance to curb climatic changes 

is to take  courageous choices, even thou-

gh they may show themselves to be less 

advantageous economically.

The H2POWER project  is a simple exam-

ple of how this can be done.
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L’idrogeno 
nella mobilità 
sostenibile 
urbana

DOMANI
OGGI

www.h2power.it
info@h2power.it

Venerdì 11 Gennaio 2013
ore 9.00 - 14.00 - Sala dei Notari 
Piazza iV NoVembre - PeruGia

Il Comune di Perugia, in partnership con Umbria 
Mobilità S.p.A., Egenera s.r.l., Tamat ONG e I&TC 
Group, ha avviato a settembre 2010 il progetto 
“H2Power”, che prevede la realizzazione di un mini 
bus dimostratore che usi una miscela di idrogeno-
metano, con lo scopo di abbattere le emissioni di CO2, 
nell’ottica del protocollo di Kyoto.

Il progetto è cofinanziato dal Programma Life Plus
2007-2013, il più importante strumento dell’Unione 
Europea per l’Ambiente, ed ha il fine di migliorare
la qualità della vita nel territorio perugino.

pr
og

et
to

 g
ra

fic
o 

re
al

iz
za

to
 in

 c
ol

la
bo

ra
zi

on
e 

co
n 

la
 c

la
ss

e 
5°

A
 d

el
l’I

.P.
S.

I.A
. “

Ca
vo

ur
 - 

M
ar

co
ni

” 
di

 P
er

ug
ia

With the contribution of the Life financiaL instrument of the european commission
LIFE+ Grant aGrEEmEnt rEFErEncE n° LIFE 09 EnV/It/000216 LIFE+ Grant aGrEEmEnt rEFErEncE n° LIFE 09 EnV/It/000216 info@idrogeno

Sono ormai diffuse letterature 
scientifiche che confermano le 
potenzialità dell’utilizzo di miscele a 
mix di idrogeno, in particolare in 
Italia sono da vari anni in sviluppo 
sperimentazioni presso Istituti ed 
Università, che documentano le 
grandi possibilità che la diffusione 
dell’idrogeno può determinare 
nell’economia generale e nella 
riduzione delle emissioni di gas ad 
effetto serra.

L’utilizzo dell’idrogeno anche in percentuali 7- 30% sono sufficienti ad incrementare il rendi-

mento di combustione di un tradizionale motore endotermico riducendone il consumo di 

carburante complessivo ed abbattere  quasi del tutto le emissioni inquinanti COx e HC.

Quanto costa produrre idrogeno.
Molti “luoghi comuni” portano a presumere che l’idrogeno sia 

pericoloso, esplosivo, costoso nel suo utilizzo e difficilmente 

trasportabile.L’idrogeno brucia all'aria quando la sua concentrazione è compre-

sa tra il 4 ed il 75% del suo volume, mentre il gas naturale brucia 

a concentrazioni comprese tra il 5,4 ed il 15%. 

La temperatura di combustione spontanea è di 585 °C, mentre 

quella del gas naturale è di 540 °C. 
Il gas naturale esplode a concentrazioni comprese tra il 6.3 ed il 

14%, mentre l'idrogeno richiede concentrazioni dal 13 al 64%. 

La bassa radiazione termica, propria delle fiamme da idrogeno, fa 

sì che esistano poche possibilità che materiali vicini possano 

essere a loro volta incendiati, riducendo così, oltre alla durata 

dell’incendio, anche il pericolo di emissioni tossiche.

L’idrogeno, al contrario dei combustibili fossili, non è tossico, né 

corrosivo ed eventuali perdite dai serbatoi non causano problemi 

di inquinamento del terreno o di falde idriche sotterranee.

La produzione dell’idrogeno avviene per idrolisi (acqua), 1Mcubo 

richiede circa 3Kwh di energia elettrica (60centesimi di euro). Se 

miscelati con altro combustibile al 30%,  potremmo rendere un 

percorso di 50km ad emissione CO2 prossime allo zero. 

L’idrogeno, contrariamente alle altre forme di energia è un vetto-

re, cioè non ha necessità di essere trasportato, ma si produce nel 

posto in cui si usa. 

Istituzioni italiane che hanno svilup-
pato le tecnologie per l’idrogeno:
 progetto H2Power con ‘Univ. di 
Ingegn, di Perugia , l’Univers. di 
Pisa, L’Univer. di Roma La Sapien-
za, Il Cnr di Bologna, L’Enea di 

Casaccia, Univ.Idrogeno di  Bari ed altre Regioni che si apprestano ad esten-

dere le flotte di mezzi pubblici a idrogeno

L’idrogeno non è una risorsa del futuro come 

alcuni sperano, ma è già pronta da molti anni 

commercialmente e tecnologicamente disponi-

bile a cambiare il nostro modo dell’uso 
dell’energia.

Le sperimentazioni svolte in questi ultim
i anni da vari Istituti, U

niver-

sità e centri di ricerca hanno dimostrato come l’uso dell’idrogeno in 

forma di gas combustibile immesso anche se in piccole quantità, 

può apportare una sensibile riduzione delle emissioni di CO2.  

La sperimentazione avviata dal team di H2Power, presso il la
bora-

torio prove motori del Dipartimento di Ingegneria Industriale 

dell’Università degli studi di Perugia ha testato l’uso di una miscela 

di idrogeno e metano su un motore tradizionale mettendo in eviden-

za la completa compatibilità ed adattabilità dell’innovativo mix di 

carburante. Le prove sono state condotte al banco su motore Iveco 

Daily d
i cilindrata 2800 cc funzionante a metano. L’analisi ha previ-

sto l’im
piego di più miscele metano-idrogeno caratterizzate da 

diverse concentrazioni di idrogeno, con valore massimo pari al 

35% in volume.

I test hanno evidenziato un sensibile miglioramento della combu-

stione e una scomparsa quasi totale delle emissioni di CO2, in 

particolare è emerso:

    - R
isparmio di circa il 20% di carburante complessivo

    - E
missioni  di CO2 con riduzione sino al 90% 

    - A
umento del rendimento complessivo 

“H2POWER Hydrogen in Fuel 

Gas” è un progetto finanziato 

dal programma comunitario 

Life Plus, strumento finanzia-

rio dell’Unione Europea per 

la salvaguardia 

dell’ambiente.

 H2Power, attivo dal 2010 è 

un progetto realizzato da un 

partenariato pubblico – 

privato composto da:

 -  C
omune di Perugia 

 -  Egenera Srl

 -  U
mbria Mobilità 

 -  I &
TC Srl 

 - Tamat Ong 

www.h2power.it
info@h2power.it

Mobilità ad emissione Zero



Communication
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