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H2: a long term perspective
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• In a long term perspective the 
energy scenario will be 
characterized by:

• A high fraction of energy produced
from renewable sources

• A high fraction of non-ICE zero 
emission vehicles (EVs or FCEVs)

• The excess energy from 
renewables, otherwise lost, can be 
used to produce green H2

• The H2 can be used locally to 
produce electric energy, but
mostly it will be fed into the 
pipeline to be distributed

• The exclusive use of local energy 
storage technologies would
otherwise give a huge waste of 
clean energy

from Colbertaldo et al., Ren and Sust Energy Reviews, 133 (2020)



H2 production technologies at the large scale
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• Currently investments are 
mostly oriented to large scale 
projects for H2 production

• The ultimate target is to reduce 
the cost of H2 produced through
water electrolysis

• The industrial standard is today
natural gas reforming: we need
to move to more sustainable
processes from gray through
blue H2

• Production at the smaller scale 
is also feasible, and research
activities are aiming at
developing novel solutions also
from diverse sources

from H2 International, August 2020



• H2 from biomass may be viable to implement a more distributed production 
concept

H2 production technologies at the small scale
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from Ruoppolo et al., Applied Energy, Waste Management, 32, 2012



H2 utilisation technologies
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Figure 1. (a) PEM fuel cell structure, (b) cross-sectional view; (c) SEM (top view) of a gas diffusion layer; 
(d) SEM (top view) of a ELAT@ microporous layer; and (e) SEM (cross-sectional view) of catalyst layer and 
membrane [78], [148], [296], [306].

from Wang et al., Materials Today, 2020

• PEM or SOFC fuel cells are clean-noise-free 
systems, and they are relatively complex in 
their structure

• Durability is still an issue, as targets are at
about 8000h for automotive systems and at
least 40000h for stationary systems

• Fuel cell costs have been reduced by 60% in 
the last 10 years, depending mostly on the 
reduced use of catalysts (mainly Pt)

• On top of the study of new materials and 
new designs, the correct use of fuel cells in 
vehicles and systems is of utmost
importance to avoid oversizing which is a 
typical practice of OEMs and maximize
durability

https://www.sciencedirect.com/science/article/pii/S1369702119304948#b0395
https://www.sciencedirect.com/science/article/pii/S1369702119304948#b0760
https://www.sciencedirect.com/science/article/pii/S1369702119304948#b1520
https://www.sciencedirect.com/science/article/pii/S1369702119304948#b1575


H2 utilisation technologies
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from afdc.energy.gov

• PEM or SOFC fuel cells are clean-noise-free 
systems, and they are relatively complex in 
their structure

• Durability is still an issue, as targets are at
about 8000h for automotive systems and at
least 40000h for stationary systems

• Fuel cell costs have been reduced by 60% in 
the last 10 years, depending mostly on the 
reduced use of catalysts (mainly Pt)

• On top of the study of new materials and 
new designs, the correct use of fuel cells in 
vehicles and systems is of utmost
importance to avoid oversizing which is a 
typical practice of OEMs and maximize
durability



H2 utilisation technologies
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from Cordiner, Mulone et al., Applied Energy, 192, 2017

• PEM or SOFC fuel cells are clean-noise-free 
systems, and they are relatively complex in 
their structure

• Durability is still an issue, as targets are at
about 8000h for automotive systems and at
least 40000h for stationary systems

• Fuel cell costs have been reduced by 60% in 
the last 10 years, depending mostly on the 
reduced use of catalysts (mainly Pt)

• On top of the study of new materials and 
new designs, the correct use of fuel cells in 
vehicles and systems is of utmost
importance to avoid oversizing which is a 
typical practice of OEMs and maximize
durability
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SCERG@TorVergata: main collaborations



The experimental setup includes:

• Proton Exchange Membrane Fuel Cell systems:

o Ballard Europe system 3 X 1.7 kW stack (DBX2000)

o Ballard system 1.2 kW

• VR Lead Acid Battery packs:

o 720 Ah @48V

• Electronic Loads up to 12 kW

• Power Supply to emulate programmable power sources 
and the electric grid, up to 16 kW 

• Alkaline Electrolyzer up to 0.3 Nm3/h 

• Weather station with 10s sampling rate, data collected in 
the last 10 years

9

H2 small scale systems –Lab@Tor Vergata
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Project Summary

› Starting Date: 01/01/2012

› Duration: 48M

› Budget: € 10,591,649 

› Funding: € 4,221,270

› Partners: 6 partners

› Countries: Belgium, Denmark, Italy, Switzerland

› Coordinator: Ericsson

› 2 systems tested in R&D centers for benchmarking

› 11 real RBS station power generation systems in 
selected sites field trials.

Telecom Operators 

involved 

Project Partners

Scope:  
› Demonstrate the advantages of a FC stationary 

application in term of Total Cost of Ownership in 
telecom off-grid radio sites

› Assess the market readiness of the FC 
technology vs the telecom reliability demanding 
targets.

Project Coordinator

http://webtemp.ccd.uniroma2.it/fcpoweredrbs.eu/


Analysis of system performance over one year
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Installation of the FC system in Fiano Romano (site #2) Installation of the FC system in Sonnino (site #6)
from Cordiner, Mulone et al., Applied Energy, 192, 2017



Technical challenges
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from Cordiner, Mulone et al., Applied Energy, 192, 2017

• Site dependant solutions in 
terms of: geographical
locations, load, energy storage 
design

• The design procedure must be 
flexible and scalable

• Development of a solutions
with few components and 
reliable toward high availability



Technical challenges: ...the ideal control strategy...
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Technical challenges: ...vs the practical control strategy...
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Control strategy is defined based on the bus voltage threshold values to simplify the
system
➢ Vlow → FC start

➢ VFC        → FC operation

➢ Vhigh → FC stop

➢ Vmax   → Recharge battery voltage

V DC-busV maxV highV FCV low

LOW Vlow/Vhigh ratio HIGH Vlow/Vhigh ratio



Power splitting depending on weather conditions
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BAD WEATHER AVG WEATHER GOOD WEATHER

from Cordiner, Mulone et al., Applied Energy, 192, 2017



• Energy at the load is provided from renewables (PV) 
and through Fuel Cells (H2 or methanol)

From Cordiner, Mulone et al., Applied Energy, 192, 2017

Energy consumption at the sites over the year
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› System performances may be 
evaluated via efficiency, whose 
value depends heavily on 
subsystem power sizings

› The greater the PV power, the 
closer ηsys would be to ηPV

› The lesser the PV power, the closer
ηsys would be to ηFCηREF

› System performance then can be 
also measured through the ratio 
Efes/Eres evaluating the effectiveness
of the system toward indepedence
on fossil (external) sources, and 
thus in terms of CO2 emission
savings

𝜂𝑠𝑦𝑠 ==
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Performance coefficients of 
subsystems

System performance parameters



From Cordiner, Mulone et al., Applied Energy, 192, 2017

Analysis of performance parameters at the sites over the year 



Site #7 is equipped with

• 7 kWp PV

• 1 kW load power

• 1 Nm3/h alcaline 
electrolyzer

• 640Ah@48V battery

From Cordiner, Mulone et al., Applied Energy, 192, 2017

Looking at a comparison with a site with the electrolyzer...



Showing the commercial value proposition in tel. market

• Fuel Cells technologies meeting the demanding requirements from Telecom 
(technical, permitting, etc.), widely demonstrated in real conditions at operators 
radio sites: reliability greater than 95% and durability of more than 2 years

• The hybrid solution has highlighted high conversion efficiency with extended 
intervals of unattended operation (low fuel consumption) with consequently cheap 
maintenance costs  and very low CO2 emissions

• Total Cost of Ownership analysis over 10 years (TCO: upfront investments and 
operational costs) to benchmark economically the FC hybrid systems vs off-grid 
radio sites today solution (i.e. diesel generator rent and refueling service)



TCO analysis results

• Break-even time calculation 
results from the on-field tests: 

• FC H2 vs diesel gen: break-even 
time in 2,5 years

• FC Methanol vs diesel: break-
even time in  over 3.5 years

• Increasing saving after break-
even time



TCO analysis results

• Sensitivity analysis



TCO analysis results

• Sensitivity analysis
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• Funded in May 2020

• Kick-off : 01/02/2021 (30 months overall)

• Total budget: 3.5M€

• Partners:

• Poland: Electrum (leader), Wroclaw University, EU Copper Institute

• Germany: Fraunhofer IFF, Arte Mobel, Krebs Engineering

• Italy: University of Rome Tor Vergata (UTV), IVECO

• Switzerland: Swiss Federal Institute of Technology in Lausanne (EPFL), GridSteer, Romande Energie

• Objective: development of a multi-energy SMART-HUB, based on multiple energy storage 
technologies

• The italian partnership will focus specifically on the sustainable mobility problem

MESH4U ERA-NET EU project
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