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1-High pressure Hydrogen Production 



Year Production capacity
Installation place

PurposeNm3H2/h bar

2017 ?? ?? ITBA Fueling of  Green Island Prototype

2016 ?? ?? ITBA Fueling of Hybrid Bus Prototype

2015 - 500 Karlsruhe Institute of Technology, Germany Study bubbles detachment and behavior

2013 2 200 ITBA Performance test, also at  at EnerSystem

2011 5 200 H2 Experimental Plant , P.Truncado, Sta Cruz. Research and use of H2 as fuel

2010 1 30 National University of Córdoba Study of wind mill-electrolyzer interface

2009 0,7 30 Base Esperanza, Antarctica Use of H2 as fuel

2005 0,1 700 ITBA Research





• 10KW  R&D Transient engine test cell;
• 1 cylinder Otto engine and equipped with:

• programmable ECU;
• gaseous fuel injection system;
• In-cylinder pressure transducer.
• Inlet and exhaust gas thermocouples.

• Exhaust gas analyzer;
• Equipment to be installed shortly:

• Fast response In-cylinder heat transfer sensor;
• Fuel mixing system to generate gaseous fuels of 

varying compositions (CH4, CO, CO2, H2);

• Engine simulation using GT POWER

• Engine simulation using CFD

Objective: Study the combustion process of different gaseous fuels, including H2, to further understand this 
process in order to design more efficient gaseous fuelled ICEs.

Research lines

Heat transfer mechanisms 
involved in the combustion of 

gaseous fuels in ICEs.

Incidence of turbulence in the 
propagation/quenching of lean 
burn premixed flames in ICEs

Development of engine 
control strategies to optimise 
efficiency by varying lambda. 



Background: Collaboration between 
Mercedes Benz Argentina and ITBA.

Objective: Convert a MB OH 1618 L-SB 
Diesel Bus platform to run as a H2 fuelled 
series hybrid bus.

Time frame: 3-4 years

Surface urban transport constitutes a 
major problem for most big cities:
• Traffic congestions;
• Air pollution (health concerns and

climate change);
• Acoustic pollution;

Problem Proposed solution



Project description
Battery array 

or
Super Caps



Conversion & optimization of diesel engine to run on H2 as a 
zero emission power unit

Design of combustion 
chamber for H2 lean 

burn

Lean burn control 
strategy



Project description: H2 ICE, Efficiency

• Peak engine efficiency  38% (2<λ<3)
• Engine efficiency on gasoline 30% 

(λ=1)
• 8% reduction of in-cylinder heat 

losses
>8%

Room for Improvement
• Increase compression ratio from 

10:1►15:1
• Use turbocharger to reduce 

pumping losses by reusing exhaust 
gas enthalpy

Expected Max Efficiency 40-45%



Project description: H2 ICE, Emissions

Zeldovich Mechanism for NOx formation Freezes beyond λ>2,
ZERO NOx FORMATION with no after treatment

ZERO emission power unit!!!



Life Cycle Assessment (LCA)

ICE Engine 
130 kW

Mech. 
Accessories

Torque
Coupling 1

Battery
96 cells

El. AccessoriesConverter

Generator 120 kW

El. Motor 
160 kW

Torque
Coupling 2

Final Drive Wheels Chassis

Hybrid H2 Vehicle (HH2V)
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“Life Cycle Analysis”
• Minimize “Total cost of ownership” (TCO):

• Minimize “Life cycle CO2 emissions”:

• Minimize “cost of CO2 abatement”:

𝑇𝐶𝑂 = 𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑝𝑢𝑟𝑐ℎ𝑎𝑠𝑒 + 𝑖𝑛_𝑠𝑒𝑟𝑣𝑖𝑐𝑒 𝑐𝑜𝑠𝑡𝑠

𝐿𝐶𝐶𝑂2𝑜𝑓 𝐻𝐻2𝑉 = 𝐸𝑚𝑏𝑜𝑑𝑖𝑒𝑑 + 𝐷𝑖𝑟_𝑖𝑛_𝑠𝑒𝑟𝑣𝑖𝑐𝑒 + 𝐼𝑛𝑑_𝑖𝑛_𝑠𝑒𝑟𝑣𝑖𝑐𝑒



Operation Costs and Emissions. Buenos Aires Drive Cycle

Number of trips 51

Bus lines 22

Hours of data 30 hs

Distance traveled 313.6 kM
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New European Standard Driving Cycle (NEDC)

Buenos Aires Driving Cycle (BADC)

Specific consumption by (CNRT)
• CDV-50 L/100km

Simulation Results
• CDV-31.4 L/100km
• HNiH2V- 24.4 L/100km
• HLiH2V-14.5 L/100km

1. NEDC dose not represent Buenos 
Aires city driving

2. Using Ni batteries only improves 
consumption by 10%

3. Using Li batteries improves 
consumption by 50%

Specific consumption by (CNRT)
• CDV-50 L/100km

Simulation Results
• CDV-54.1 L/100km
• HNiH2V- 29 L/100km
• HLiH2V-20.6 L/100km

1. BSDC represents Buenos Aires city 
driving

2. Using Ni batteries improves 
consumption by 49%

3. Using Li batteries improves 
consumption by 64%
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Which Battery will be used will depend on the LCA!!!



HH2V-0.1 USD/kWh HH2V-0.2 USD/kWh

Elec de la red 106.81-$                                 

Elec. Renovable 93.79$                            

Cost of Abatement [$/TCO2]

“Cost of Abatement per Ton of CO2”

Grid Emissions
[TCO2/GJ]

0.092
Direct Diesel 

Emission
[TCO2/GJ]

0.0741
Indirect Diesel 

Emissions
[TCO2/GJ]

0.0208

$

𝑇𝐶𝑂2
=

𝑇𝐶𝑂 𝐻𝐻2𝑉 − 𝑇𝐶𝑂 𝐶𝐷𝑉

𝐿𝐶𝐶𝑂2𝑜𝑓 𝐶𝐷𝑉 − 𝐿𝐶𝐶𝑂2𝑜𝑓 𝐻𝐻2𝑉



If well dimensioned and designed to fit the environment in which it will be operated the 
proposed solution could:

Have a total cost of ownership lower than the technology it displaces.  

It is as versatile as the technology it displaces

• Same refueling times

• Same autonomy

• Same life duration

Even using electricity from the interconnected grid to produce hydrogen it has 
Lower life cycle emissions that the conventional technology.

H2 ICE Hybrid Bus



• We believe H2 is viable energy vector that will enable further amounts 
of renewable energy into the sectors of the energy market.

• Further H2 systems can provide auxiliary capability for grid frequency 
control.

• We are working on the development of cost-effective versatile 
solutions to promote the inclusion of H2 technologies throughout the 
entire energy sector.

• We promote collaboration with both industry and other R&D 
institutions. 

Overall Summary
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Muchas gracias!
www.itba.edu.ar
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