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MOTIVATION

• Pollution in urban areas through PM, noise and NOx requires immediate action

• Future emission regulation difficult to comply with conventional combustion engines

• Sector coupling necessary in terms of the energy transition

• Electric mobility in public transport as early adopter of the mobility transition

• Fuel cell electric vehicles show high potential in terms of flexibility 

2

Stefan Dietrich

hydrogen system

energy transition

clean air

climate change

noise

fuel cell “Energiepark Mainz“
particular matter

urbanisation CO2 emissions

batteryElectric mobility



FUTURE GOAL: FROM WHEEL TO WHEEL

• The roll out of fuel cell buses (FC-buses) and MW scale power to gas plants (PtG) can contribute to a 

holistic regional value chain in general

• RE → Power to Gas (Electrolysis) → Hydrogen  → H2 refuelling station  → Fuel cell bus

• Similar regional value chains can be developed by the utilization of By-product H2 from industrial areas

 Value chain: Bottom up approach

 Hydrogen demand scenarios from public transport operator (13% - 80% FC-buses)

 Identification of applicable hydrogen delivery options

 Optimisation of power to gas plant scheduling and location
3



H2BUS RHEIN-MAIN – FACTS
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• Partners within JIVE: 

– Verkehrsverbund Mainz-Wiesbaden GmbH 

(VMW)

– Mainzer Verkehrsgesellschaft mbH (MVG)

– ESWE Verkehrsgesellschaft mbH (ESWE 

Verkehr)

– In-der-City-Bus GmbH Frankfurt am Main 

(ICB)

– traffiQ – Lokale Nahverkehrsgesellschaft

Frankfurt am Main mbH (traffiQ)

– H2-Lab UAS RheinMain (HSRM)

• 4 FC-buses in WI, 4 FC-buses in MZ, 3 FC-buses 

in FFM

• HRS in WI/ H2-competence center in MZ

• Power to Gas H2 from Energiepark Mainz

• By-Product H2 from industrial park Höchst

38 Mio. vehicle-km/ a │ 160 Mio. passengers/ a

A project co-funded by under the Grant Agreements Numbers 735582 and 779563
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▪ 6 MWel peak electrolysis units

▪ Connected to a wind-farm (8 MW)

▪ Partners Mainzer Stadtwerke, Linde, 

Siemens, RheinMain University 

▪ One of the main goals of the project is the 

provision of ancillary services in the 

electricity grid (including negative control 

reserve) 

▪ 200 tons H2 target annual output

▪ Injection in local gas grid

▪ Multi-use trailer-filling

▪ Overall efficiency between 59-75%

▪ Budget: total 17 m€ 

▪ Funding: ~50% (BMWi)

▪ Timeline: 4 years (10/2012 – 12/2016)



• Data of the bus fleet

• Overall distance of approx. 39.000 km with 303 tours per day

• Limiting factor for bus fleet: morning peak

• FC-buses especially suitable for long tours compared to BE-buses

MODEL INPUT: OPERATIONAL DATA FOR FC-BUSES
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example of a workday

Parameter Unit Value

Routes # 41

Round trips # 303

Sum km 39,000

Average km 128

Longest km 397

Shortest km 8

Operation Start hh:mm 03:30

End hh:mm 01:30

Buses Standard (12 m) # 141

Articulated (18 m) # 107

H2 consumption Standard (12 m) kg/km 0,10

Articulated (18 m) kg/km 0,14

H2 delivery capacity GH2 200 kg/trailer 400

GH2 500 kg/trailer 1,100

LH2 kg/trailer 3,000



MODEL INPUT: ELECTRICITY PURCHASE H2-PRODUCTION
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Economic parameter

• H2 sales price

• Electricity prices

• Standby losses

• Electricity surcharges

Technical input parameter

• H2 production curve

• Restrictions of the onsite H2

storage

• Overload capability

• H2 distribution with truck trailer 

and the gas pipeline

Historical data

• Required control reserve energy

• Bidden energy prices for the

control reserve market

• Electricity prices

Model for the 

optimization of the 

electricity purchase

Calculation of the optimized 

electricity purchase at the 

spot markets of the EPEX 

SPOT

Calculation of the amount and 

the bidden energy price for 

the participation at the control 

reserve market

Choice of the electricity 

market with the highest 

economic feasibility



MODEL INPUT: GIS SPATIAL ANALYSIS

Multi-criteria analysis Factors for GIS analysis 
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Selective factor Data source Restrictive factor Data source

Power grid Basis-DLM, 

OSM

Protected areas HLNUG

Wind turbine Basis-DLM Waters Basis-DLM

Photovoltaics Basis-DLM Streets Basis-DLM

Electricity surplus Self-edited Protection zone 

transmission lines

Basis-DLM

Power generation 

from RE

Self-edited

H2 sale opportunities

Industry Basis-DLM

Gas grid Self-edited

H2 filling station Self-edited



RESULTS: H2-DELIVERY OPTIONS
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• Operational restrictions allow 1-2 truck trailer deliveries each day to the bus depot 

• Increasing FC-bus fleet leads to major challenges for the H2 supply

• Preferably green H2 for FCEV → economic analysis of H2-production In PtG plants

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

2019 2020 2021 2022 2023 2024 2025

Scenario: Pro Battery

ICEV

FCEV GOM

BEV GOM

BEV KOM

L
H

2
G

H
2

5
0

0
G

H
2

2
0

0

< 1 trailer p.d. 1 - 2 trailer p.d. > 2 trailer p.d.

L
H

2
G

H
2

5
0

0
G

H
2

2
0

0

< 1 trailer p.d. 1 - 2 trailer p.d. > 2 trailer p.d.

ICEV.: internal combustion engine

KOM: standard bus 12 m

GOM: articulated bus 18 m

FCEV: Fuel cell electric vehicle

BEV: Battery electric vehicle



RESULTS: H2-PRODUCTION COSTS
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RESULTS: H2-PRODUCTION SPATIAL ANALYSIS
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SUMMARY

• A regional H2 value chain will be demonstrated in the “Rhine-Main” area.

• RE-production will be linked with the public transport sector through the PtG-technology.

• Fuel cell electric buses show high potential for public transport due to their operational flexibility.

– However large scale H2 delivery options are limiting factors of FCEV fleet operators.

– A H2 demand above 3 t/d requires onsite production, several LH2 trailers or pipeline delivery. 

• The optimisation of current PtG electricity procurement show the potential of the cost target below 4 €/kg.

– Long term projections of 300 €/kW even result in H2-production costs below 2,50 €/kg. 

• 3 “very suitable” areas in Hesse were identified.

– The Rhine-Main area is suitable due to its existing infrastructure but requires further data for 
validation. 
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Thank you 

for your attention
For further information:

https://www.sciencedirect.com/science/article/abs/pii/S0360319919324632

David Coleman

RheinMain University of Applied Sciences

Am Brückweg 26

65428 Rüsselsheim; Germany

David.coleman@hs-rm.de

Prof. Dr. Birgit Scheppat

RheinMain University of Applied Sciences

Am Brückweg 26

65428 Rüsselsheim; Germany

Birgit.Scheppat@hs-rm.de

The project rHYn-main is funded by the Federal Ministry of Transport and Digital Infrastructure [FKZ 

03B10202].

https://www.sciencedirect.com/science/article/abs/pii/S0360319919324632
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Hydrogen storage and handling facility

Storage volume 2x 82 m³

Net-storage capacity 780 kg / 26 MWh

Gas quality input

(vol.%)

<0.5% O2 

<3.0% H2O

Gas quality output

(vol.%)

<0.0002% O2

<0.0005% H2O



H2-DISTRIBUTION

GH2-Trailer 20 MPa

LH2-Trailer

Pipeline 100 MPa

35 MPa

ND-Speicher
1 – 2 MPa

H2O

DC

Reformer

CH4

ND-/ MD-Kompressor

HD-Kompressor

Booster-Kompressor

70 MPa

H2-Versorgung Verdichterstufe 1 Speicher 1 Verdichterstufe 2 Speicher 2 Dispenser

MD-Speicher
20 – 50 MPa

HD-Speicher
50 – 100 MPa

H2

Cryo-Pumpe HD-VerdampferCryo-Pumpe

Boil-off Gas-KompressorBoil-off Gas Heizung

Juni 2018 15
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Results of the power purchase for the PtG plant

Scenario: “Daily delivery to fuel cell busses + flexible hydrogen sale”

▪ Each morning one truck trailer has to be delivered to a bus company. 

In case of competitive marginal costs of the hydrogen production, 

there is the possibility to deliver up to 2 trailer per day to industrial 

customers

▪ In this scenario, the electricity is purchased at the secondary control 

reserve market (assumption: daily auctions) and at the spot markets

▪ Results for the hydrogen 

production costs:

▪ Specific CO2 emissions:

489 gCO2/kWhel *
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Evaluation of measurements

• Considering the total power 

consumption of the plant and 

the produced hydrogen

• Efficiency is referred to the 

caloric value of the hydrogen      

(3.54 kWh/Nm³)

• Raw data set of October 2015
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partial load = 2MW

ca. 35.5 kg/h  395 Nm³/h

rated load = 4MW

ca. 65.6 kg/h  730 Nm³/h

peak load = 6MW

ca. 90.4 kg/h  1006 Nm³/h

PROJECT STATUS AND OPERATIONAL EXPERIENCES
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Evaluation of measurements

• Sankey diagram of the PtG plant during a 

constant operation at 4 MW and during the filling 

of a truck trailer.

• The main energy consumption remains within 

the electrolysis process. 

• Other consumers like transformers, rectifiers, 

the ionic compressor and ancillary components 

have a share of only 6.5% of the total power 

consumption.

Power consumption of 4 MW

PROJECT STATUS AND OPERATIONAL EXPERIENCES
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Hydrogen production costs as a function of the production quantity

▪ High investment costs 

 total production costs decrease with higher 

output

 Higher production quantity leads to lower 

CAPEX and OPEX, but to higher specific 

electricity costs

▪ Low investment costs 

 The electricity costs become more important

 The lowest production costs for the 6 MW 

PtG plant are around a daily production of 

700 kgH2

 The optimization of the power purchase 

becomes more important

▪ Assumptions: calculated lifetime: 20 years; interest rate: 

5%; OPEX: 4% of the investment costs, special tariffs for 

the electricity surcharges
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PROJECT STATUS AND OPERATIONAL EXPERIENCES


