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1 Background 

A large national research and demonstration project for fuel-cell technolo-
gies for micro cogeneration has been launched. It consists of three phases 
 

• Phase one, where the various types of Danish manufactured fuel-cell 
systems were tested in the laboratory at Danish Gas Technology 
Centre. Furthermore, a demonstration unit including hydrogen gen-
eration and fuel-cell systems was installed at one of the localities 
chosen for fuel-cell systems in phase two and three of the national 
fuel-cell demonstration project.  

• Phase two, where around 13 fuel-cell micro CHP (combined heat 
and power) systems will be installed in residential houses and in 
small workshops. 

• Phase three, where around 80 fuel-cell micro CHP systems will be 
installed in residential homes and small workshops. The Phase three 
demonstration consists of three kinds of fuel-cell systems: 

o Hydrogen fuelled PEM fuel-cell based micro CHP systems 
supplied by IRD. Fuel supplied from local electrolyzer. 

o Natural gas fuelled SOFC fuel-cell based micro CHP systems 
supplied by Haldor Topsoe (stack/hot module) and Dantherm 
Power (System integrator). 

o Natural gas fuelled HT-PEM fuel-cell based micro CHP sys-
tems supplied by Serenergy (stack with controller) and Dan-
therm Power (System integrator). 

 
All cogeneration systems are connected to a 350 litre hot water accumulator 
system in order to optimize operation. This system is supplied by Danfoss. 
 
The case study is only covering the demonstration project in phase one.  
The time schedule for all three phases goes from 2006-2013. 
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1.1 Organization and funding of the demonstration project in 
phase one 

The project partners are IRD Fuel Cells, The Municipality of Lolland and 
Bass (Baltic Sea Solutions). 
 
The project is funded by several sources: The national Energy Research 
Programme (EFP), local sources and also the main supplier, IRD Fuel Cells. 
See Table 1. 
 

Table 1 Project funding shown in million DKK (1 USD = 5.5 DKK) 

 
 
The case study was prepared by Henrik Iskov, Danish Gas Technology Cen-
tre (his@dgc.dk), and is based on contributions from Jesper Bech Madsen of 
IRD Fuel Cells and Jesper Krogh Jensen of Baltic Sea Solutions /1/, /2/. 
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2 Project goals 

The objective of Hydrogen Community Lolland is to establish a full-scale 
hydrogen/fuel-cell demonstration plant for utilisation of hydrogen in the 
existing energy infrastructure. In detail, the project aims to 
 

• Further explore various hydrogen technologies comprising PEM 
electrolysers, PEM Fuel-cell micro CHP systems, low-pressure stor-
age of hydrogen and oxygen, and to implement these technologies, 
individually and as systems.  

• Create technological foundation and knowledge for the continuation 
of IRD's Utsira project /3/.  

• Utilize existing resources on Lolland (wind turbines etc.) in the de-
velopment of new synergies and in symbiosis with existing energy 
and environmental installations.  

• De-mystify the technology towards future consumers.  
• Generate spin-off potentials for the benefit of overall business de-

velopment.  
• Establish a forum for manufacturers, suppliers and testing facilities 

where frame conditions ensure fast and efficient authority considera-
tion as an element in maintaining Denmark's technological lead.  

• Create the optimum basis for the full-scale realization of the "Hy-
drogen Community".  
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3 General description of the project 

The project was given the name “Hydrogen Community Lolland” with the 
basic idea to demonstrate the use of hydrogen in different community en-
ergy processes. They consist of the use of hydrogen in fuel cells for the pro-
duction of electricity and heat in domestic households and in industrial 
processes where hydrogen is utilised as an industrial gas generated from 
electrolysis of water. The oxygen produced is utilised for testing of new 
purification techniques of municipal waste water. The considerable power 
supply needed for electrolysis is based on wind energy production on Lol-
land and in particular the offshore wind power installations. 
 
The demonstration plant was built in Nakskov Industrial and Environmental 
Park which comprises other energy and environmental plants e.g. wind tur-
bine production by Vestas A/S, municipal waste water cleaning, waste recy-
cling and an agro-industrial test facility. The entire plant and energy con-
tainer layout appears in Figure 1.  
 

 
Figure 1 Layout of the hydrogen demonstration plant. (Equipment: Elec-

trolyser, fuel cells, DC-AC converters, water treatment, H2 and 
O2 Dryers). 

The power produced by the fuel cells is used mainly for the operation of the 
waste water plant. The oxygen produced is also being distributed to the 
waste water plant for testing of waste water cleaning techniques (aerobic 
cleaning process by use of pure oxygen as opposed to ambient air). 
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The plant was opened in November 2006 and operation/demonstration of 
the plant took place during 2007.  This was the demonstration part of Phase 
one. 
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4 Technical concept 

The demonstration plant consists of an energy container (40 ft) containing 
two 4 kW electrolysis installations and two PEM fuel-cell stacks with an 
installed effect of 2 kW and 7.5 kW, respectively. In addition, the container 
consists of circuits of pipes for hydrogen, oxygen, nitrogen, process water 
and waste water. A number of safety accessories such as gas detectors and 
alarm/shutdown valves have been installed. A smaller container which con-
tains power and SRO installations (process container) is located next to the 
energy container. (SRO means control, regulation and monitoring). The rea-
son for having two individual containers is to separate potentially explosive 
gases from electrical equipment. The energy container (right) and the proc-
ess container (left) are shown in Figure 2. 
 

 
Figure 2 Site view showing the two project containers. For safety reasons 

the left container contains power electronics and SRO equipment 
and the right container contains the electrolysers and fuel-cell 
systems. 
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5 Description of components 

5.1 Gas storage 

Two low-pressure storage units have been placed near the energy container; 
one for hydrogen and one for oxygen. Their function is to control the hy-
drogen supply to the fuel cells and the oxygen supply to the waste water 
cleaning plant. The physical storage volume is 25 m3 for hydrogen and 12.5 
m3 for oxygen. The supplier is AGA/Linde. In the long term, the establish-
ment of hydrogen storage units will contribute to load management in the 
power distribution grid. This, of course, will require much larger storage 
capacity. For safety reasons, the two gas storage container are placed 75 
metres away from the process plant. See Figure 3. 
 

 
Figure 3 Gas storage containers are situated 75 m from process equip-

ment. The gas connecting pipes are placed well above the ground! 

 
5.2 Electrolysers 

The two 4 kW electrolysers are produced and delivered by the Canadian 
company Hydrogenics. The HyLYZER 2.0 module is generating hydrogen 
and oxygen on the basis of modern PEM technology. It uses clean water and 
DC power to generate hydrogen and oxygen. The hydrogen is used in fuel 
cells, but may also be utilised in transport vehicles, portable electronic de-
vices and metal industry processes. Oxygen can be utilised in many differ-
ent applications such as industrial welding, waste water cleaning, fish farms 
and in the health sector.  
 
5.2.1 Power supply  

The electrolyser requires a reliable power supply of 400 Vac and 50 Hz. On 
Lolland, where wind power is widespread, the operation mode will be 
adapted to wind power production. The Nordic countries have established a 
power exchange called Nord Pool. In principle, all power purchase (with the 
exception of OTC trade) takes place via Nord Pool. During the 1990s, the 
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Nordic countries created a framework for a common electricity market 
based on open competition.  
 
Danish legislation requires high priority to be assigned to renewable energy 
in the nation's power system. The government's action plan "Energy 21" 
envisioned that offshore wind farms would be generating 4,000 MW before 
2030. In the Energy Policy Statement of 2005 the Danish Government ex-
pressed its views on how the energy sector should be structured in order to 
achieve the desired evolution of market, efficiency, security of supply and 
of the environment. For this reason, in periods with high wind power and 
low consumption production of hydrogen is considered to be an interesting 
long-term option to balance production and consumption. The electrolysers, 
therefore, will be operated by wind power production, although a direct 
connection to wind turbines is not envisaged in this project. 
 
5.2.2 Water supply 

High purity water (demineralised with a conductivity <0.2 microS) is ob-
tained with a two-stage purifying system based on reverse osmosis and ion 
exchange. The capacity is 60 litres/h. The supplier is the Danish company 
Silhorko Eurowater. Installation is shown in Figure 4. 

 
Figure 4 Water purifying unit in front of the electrolysers  

 



Lolland Case Study  10/23 

 

5.2.3 Operation mode  

The electrolyser modules are set up to accept operation commands through 
CAN bus communications. The use of external computers facilitates data 
acquisition and fault message recognition continuously transmitted by the 
Engine Control Unit (ECU). After the power is made available and the 
module is turned on via the power key switch, the ECU begins to power up.  
 
In addition to the ECU powering, all transducers receives power. At this 
point, the ECU checks possible failure operation for all transducers such as 
“out of range” conditions, as well as all components for “broken wire” con-
ditions. If faulty conditions are found, a CAN bus message indicating error 
is sent to the user and the system is not able to start. If there are no other 
software/hardware failures present, the system enters standby mode.  
 
Once entering into nominal run mode, the electrolyser module regulates 
itself to provide electrical current to the PEM stacks. It also initiates certain 
safety commands to ensure that the module is working within set parame-
ters. In run mode, the ECU monitors the current drawn by the stack and con-
trols the radiators to achieve the proper temperature. 
  
If the module observes high temperatures it enters the temperature recovery 
mode. It disconnects the power from the stack, but continues to recirculate 
the water through the cooling system. If the water quantity is deemed to be 
low the ECU attempts to recover it until the condition has cleared, and then 
return to run mode. It also stops the current draw to enable a faster stack 
recovery. Shutdown mode is entered when the enable on/off switch is turned 
off.  
 
5.3 Fuel-cell cogeneration system 

The fuel-cell generator as shown in Figure 5 has been designed for indoor 
micro CHP production. As earlier mentioned, one of the goals of the project 
is to de-mystify fuel-cell systems in order to increase the general acceptance 
in the later phases of the project where it is planned to roll out around 100 
systems in a small village. Therefore, it is possible to see details of the in-
ternal construction of fuel cells and humidifier modules at the top and 
pumps and electronic components at the bottom.  
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Figure 5 Fuel-cell cogeneration system 

 
IRD Fuel Cell A/S has manufactured the fuel-cell stacks. The cells operate 
on hydrogen from the electrolysers stored in hydrogen cylinders outside the 
container. The two fuel-cell systems (each of 2 kW and 7.5 kW) produce 
DC electricity and heat. The current is supplied to the public power grid 
through a highly efficient DC/AC inverter. A small part (< 2%) of the proc-
essed hydrogen is used for blowing off through a separate open exhaust. 
Heat from the generator is supplied to the external heating system connected 
to the cells’ cooling system.  
 
A control system is connected to all safety devices, such as gas sensors for 
hydrogen and oxygen, and monitors the operation of the full demonstration 
plant. The system contains the entire interface between the operator and the 
generator. The interface allows control and adjustment of operation parame-
ters of the generator and monitoring of operation status of the plant in gen-
eral.  
 
Figure 6 shows a simple process diagram indicating the I/O interface for the 
generator module.  
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Figure 6 Input/output diagram for the 2.5 KWe fuel-cell module 

 
The overall design concept for the 7.5 kW system contains three identical 
fuel-cell modules. A process diagram for the combined three modules is 
shown in Figure 7. Each module consists of two fuel-cell stacks connected 
in electrical series resulting in 2.5 kW electric DC power from each module 
at nominal operation. The DC current is connected to the public electricity 
network through DC/AC inverters and delivers 400 Vac in three phases. 
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6 Integration of components 

6.1 Design philosophy 

The general idea behind the system is only to demonstrate the technology. 
The hydrogen consumption of the fuel cells is higher than the maximum 
production of the electrolysers. The operation of the electrolyser is con-
trolled by the pressure level of the hydrogen storage. In this initial demon-
stration project there has not been done any kind of optimizing around the 
possibilities of buying and selling power to the grid. 
   
6.2 Process schematic 

 
Figure 7 Process schematic /1/ 

 

Figure 7 shows the process flows of the system. The two fuel cell systems 
with a nominal power of 2 and 7.5 kWe, respectively, are fuelled by the hy-
drogen storage, which acts as a buffer tank for the hydrogen production of 
the two PEM based electrolysers with an installed effect of 4.5 kWe each. 
Please note the oxygen storage. The oxygen is utilized in the local waste 
water cleaning system. Another part of the system is the water purifying 
system for the electrolysers.  
 



Lolland Case Study  14/23 

 

6.3 Control philosophy 

 
Figure 8 General control concept (in Danish)/2/ 

 
The central part of the system is the SRO unit (SRO means control, regula-
tion and monitoring). Se figure 8. The SRO unit communicates with all sub-
systems. Electrolysers and fuel-cell units have their own integral control 
units and communicate with the central SRO via CAN bus or Ethernet. A 
router enables remote control from an operator’s PC placed anywhere. A 
telephone modem enables warnings and alarm calls to dedicated persons. 
Gas and burglar alarms operate directly, independently of the SRO. This 
type of alarm calls for immediate cut of power.  
 
Parameters adjusting operating strategy can be adjusted from the operator’s 
PC. An example of the interface is shown at Figure 9. 
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Figure 9 Operator’s interface /2/ 

Numerous additional interfaces are available for further control, modifica-
tions and debugging. 
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7 Performance and operational experience 

The whole system has only been in operation for relatively few hours and 
only in connection with ad hoc demonstrations.  
 
An example of a start-up, two days of operation and shut-down can be seen 
in Figure 10. It is shown that the hydrogen pressure in the storage increases 
when the electrolysers are operating, and that the storage pressure decreases 
when fuel cells are running. 
 
As the operation of the system so far has focussed on preparation and dem-
onstration for potential candidates (house owners) for later phases of the 
project, measuring equipment to monitor performance and efficiencies etc. 
has not been installed.  
 
 
 

 
Figure 10 System operation data. Pressure and currents versus operation 

time. Black line shows pressure in hydrogen storage. Red line 
shows current input to electrolyser. Green and orange lines 
shows current output from the two fuels cell stacks. /2/ 
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8 Environmental aspects and safety issues 

All design, equipment and installations must be approved by national and 
municipal authorities. This procedure has required much documentation and 
many meetings, as hydrogen and fuel-cell installations are new concepts and 
in some cases no codes or standards have been developed or approved.  
 
The documentation, therefore, has to be extremely detailed and based on 
descriptions of the actual application. For some installations or applications 
CE-marking is not available and the suppliers must prepare their own risk 
analysis, inter-phase diagrams and declarations of conformity for approval 
by the authorities.  
 
8.1 Safety measures  

In Denmark the most important authorities in connection with hydrogen and 
fuel-cell plants are the Danish Working Environment Authority, the Danish 
Safety Technology Authority and the Danish Emergency Management 
Agency. Besides these, the regional and local authorities must approve the 
physical location in accordance with district and regional planning. 
  
The Danish Working Environment Authority is responsible for security and 
safety matters. In a European context they are responsible for compliance 
with community regulation e.g. Machinery Directive /4/, the Pressure 
Equipment Directive /5/, REACH Directive for chemical components /6/ 
and the ATEX Directive /7/ (which is divided into regulation on technical 
installations in areas with potentially explosive gases and organisation of 
working areas). The Authority has implemented all directives in national 
legislation and prepared the necessary secondary legislation. The demon-
stration plant has been designed and constructed in accordance with this 
national regulation. 
  
Installations following the Pressure Equipment Directive must be approved 
formally by the competent Authority. Examples are storage tanks for hydro-
gen and oxygen. Some components (e.g. low-pressure pipes of small dimen-
sion) may be considered as bordering on triviality. Other types of equipment 
can be approved through the procedure of the supplier’s declaration of con-
formity. 
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The Danish Safety Technology Authority has overall responsibility for gas 
safety in connection with all types of gas installations and plants. The 
Authority has overall responsibility for electrical safety in connection with 
production, transmission, distribution and the use of electricity. This in-
cludes authorisations with respect to electricity, gas, plumbing and sewage. 
In addition, the Authority conducts the industrial policy and has the general 
authoritative responsibility for metrology and accreditation. 
  
Storing of explosives gases must be approved by the Danish Emergency 
Management Agency. This Agency is also responsible for zone classifica-
tion in accordance with the ATEX Directive. The presence of potentially 
explosive gases is assessed by the Authority and zone classification is de-
cided on this basis.  
 
The fundamental principle of emergency and response procedures in Den-
mark is that the authority, company or institution with the day-to-day re-
sponsibility of a given area is also responsible for that area in the event of a 
major accident or disaster. This is the so-called Sector Responsibility Prin-
ciple. Accordingly, “emergency procedures” is a continual process consist-
ing of elements such as risk and vulnerability analyses, emergency proce-
dure planning, education and drills. In addition, the planning should be co-
ordinated locally, regionally and centrally.  
 
For the demonstration plant, hydrogen is present in the main process equip-
ment container, in the hydrogen storage and in the outdoor pipe systems. 
The content of hydrogen in the main process equipment container is less 
than 5 grams and is considered to be below the triviality limit. For the pip-
ing system there will only be a demand for zone 2 classification for loca-
tions with assembled pipes or flanges. The hydrogen storage contains 
maximum 13.5 kg hydrogen and has to be fenced in (about one metre away 
from the installation) and this area is also classified as zone 2, which implies 
that all equipment must be approved according to ATEX /7/.  
 
All proper codes and standards have been applied to ensure compliance with 
safety and environmental regulations wherever hydrogen is used – during 
production, transportation, storing and utilisation in fuel cells. 
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8.2 Environmental consideration  

The cleanest way to produce hydrogen is by use of renewable electricity to 
split water into its constituent components, hydrogen and oxygen. The by- 
product oxygen is usually considered as a waste. However, the demonstra-
tion plant in Lolland is using oxygen to improve cleaning processes of waste 
water.  
 
The cleanest and most sustainable source of electricity comes from renew-
able energy such as wind power. This concept is often referred to as 
wind-hydrogen. The advantages of wind-hydrogen are:  
 

• Reduced dependence on imported and fossil energy  
• Carbon neutral production and no negative effect on climate  
• Improved air quality in the surrounding neighbourhood  
• Improved economic development through employment and increase 

of product value  
 
Wind is an intermittent energy source and in this way hydrogen contributes 
to store wind-generated energy. Hydrogen provides a means to match wind 
production and energy demands. 
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9 Public acceptance 

Public acceptance of the hydrogen and fuel-cell technology has been one of 
the highest priorities of this project. In this respect, the project has been 
highly successful. Shortly after this project was finished, it was found that 
more than 90% of the inhabitants of the nearby village Vestenskov were 
willing to act as host for fuel-cell cogeneration demonstration plants. 
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10 Conclusions / Lessons learned 

The project clearly has proven to be a very efficient way to obtain a high 
degree of public acceptance for new technology. I.e. building a full-size 
operation demo-system with frequent public admittance well in advance to 
the scheduled full scale project makes it possible to demystify new gas (hy-
drogen) technology.  
 
Obtaining permits for new energy technology in an area that is not suffi-
ciently covered by existing standards and regulations can be very time con-
suming. It is recommended to involve all relevant authorities at the earliest 
possibly stage of the project. 
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