BIO-ETHANOL POWERED MICROREFORMER FOR PEM-FUEL CELL WITH UP TO 300 W OUTPUT CAPACITY

BIO-ETANOLA MIKRO-PĀRVEIDOTĀJS DARBĪBAI AR PROTONU APMAIŅAS MEMBRANAS KURINĀMĀ ELEMENTU AR JAUDU 300 W
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Introduction

Fuel cell technology is a rapidly developing technology in the world. The micro-reformers used as a hydrogen source for fuel cells are now in the state of development. Liquid fuels can be stored easily in large quantities without losses and they are commercially available. Because of these qualities, liquid fuels are considered as the best hydrogen storage for fuel cell systems. Using of bio-ethanol as a fuel is especially attractive solution since it provides fuel cell with renewable energy source which can be produced domestically.

Microreformer fuel cell systems can be used for portable applications (laptop, telephones, videocameras etc.) as well as for stationary applications, such as remote cogeneration stations.

A fully automated 300 W reformer for fuel cell systems is on developing stage at the “Fraunhofer ISE” using bio-ethanol as a fuel. Autothermal and steam reforming processes were investigated for hydrogen production from bio-ethanol. Laboratory-scale test riggs were designed for investigation of both processes. Additionally, the processes are simulated with “ChemCAD” (chemical processes). Both systems (for autothermal reforming and steam reforming) consist of reformer, where hydrogen rich gas is produced from a liquid fuel and water (the autothermal reformer needs also air), water-gas-shift reactor which converts carbon monoxide and water in carbon dioxide and hydrogen and CO-removal by methanation, where the remaining CO is converted into methane. The CO-removal is required because a PEM-FC is CO-sensitive. The product-gas is feeded to the anode of the fuel cell, the off-gas flows to the burner of the steam reformer providing external heat supply to the endothermic steam reforming process.

The reformer and each of its parts were tested in various operational conditions. The (measured) analyzed data are compared with the simulations and results are presented in the paper.
The main component of the concept of micro-reformer is the heat integration. This is important, because due to larger surface to volume ratio the small systems have higher heat losses than large-scale systems.
The system design and functional principle

Autothermal reformer with bio-ethanol as fuel was constructed for the PEM-fuel cell with 300 W electrical output. 

The generation of hydrogen, or hydrogen-rich product streams, by reforming of hydrocarbons or alcohols, may from a thermodynamic point of view, be categorised in two basically different types of processes. One is endothermic (1)– steam reforming in which the hydrocarbon or alcohol feed is reacted with steam. The heat required for the reaction is supplied from external sources either by combustion of part of the feed, by burning combustible off gases or by a combination of both. The other is exothermic (2)– partial oxidation, where the feed reacts directly with air, enriched air or (in large plants) pure oxygen at a carefully balanced oxygen to fuel ratio [1].
Autothermal reforming (ATR) combines these two processes, i.e. both steam and oxidant (oxygen, or more normally air) are fed in a catalytic reactor . The advantages of autothermal reforming are that less steam is needed compared with conventional reforming and that all of the heat for the reforming reaction is provided by partial combustion of the fuel, so that no complex heat management is required, resulting in a simple system design [1]. Irrespective of the process and temperature; however, a good heat recovery and heat management are required, which makes the use of microstructured components worthwhile [4].

Autothermal reforming requires less water compared with steam reforming which arises by total oxidation and therefore has not to be fed into the system. The drawback of ATR is great nitrogen output and less hydrogen content in reformat [1]. 

The overall reactions that characterise autothermal process are [5,1]:
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The simplified ATR process and gas output composition are shown in figure 1.


[image: image3]Figure 2. Autothermal process.

The parameters that characterise the process are S/C ratio (steam to carbon ratio) and ( -lambda (air to fuel  combustion ratio).

The ethanol, water and air are fed in the system via pumps and mixed. This mixture is pre-heated in vaporizer up to 200°C than fed in reactor where reformed at temperature 700 °C. Afterwards, CO-removing processes such as water-gas-shift reaction,  followed by the one of three possible methods: selective oxidation, methanation or palladium/platinum membranes are carried out at the temperatures of about 250 °C. The choice of CO-removal processes is dependent on the fuel cell used. If the high-temperature (180 °C) PEM-fuel cell with CO-tolerance less than 50 000 ppm is used , not so complex CO-removal systems are required. If the low-temperature PEM-fuel cell with CO-tolerance less than 20 ppm is used,  the complex CO-removal system is required. Before the reformat enters the CO-removal systems it is cooled down to 250 °C in heat exchanger.

Experiments and results

As shown in the figure 2, the ignition starts approx. 1 min after pre-heated ethanol is fed into the reformer, and temperatures of ATR and respectively the gas mixture also stabilise after some minutes. But the reformer must be heated with water vapour and therefore the reforming can start only approx. after 60 min since beginning of the heating. The ignition-phase starts at 180 °C – 230 °C in comparison to steam reforming where the ignition-temperature of ethanol-air is approx. 120 °C [2]. 
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Figure 2. Warm up and ignition phases of ethanol.

The achieved system efficiency calculated by equation 3 is 60,5 % if heat-losses from the vaporizers and pipelines are not included in the calculation [2], which is a very good value for such small system .
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where
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The system efficiency is dependent on hydrogen content in reformat. The experiments show that the H2 content by 700 °C was approx. 2 % less than estimated in the simulation (tab.1).

Table 1. Comparison of experimentally achieved and simulated gas contents.

	
	S/C=2

Veth=2,92 ml x min-1 

t=2400 s


	S/C=1,5

Veth=2,92 ml x min-1 

t=4000 s

	
	Experiments
	Simulation λ=0,31
	Experiments
	Simulation λ=0,30

	H2
	35,25
	37,8
	35,06
	37,2

	CO
	9,50
	8,30
	10,34
	9,76

	CO2
	12,92
	14,15
	12,32
	13,03

	CH4
	0,76
	0,18
	0,87
	0,31


The aim of the work was to make the system competitive with other conventional systems. That is the reason why the PEM-fuel cell with reformer and auxiliary units such as pumps and other must be reduced to size of 30 x 40 x 60 cm and its weight must not exceed 20 kg. The fuel cell system (with 300 W electrical output) has the following advantages comparing with existing alternatives such as benzin-accumulator or photovoltaic systems:

· Higher energy-density;

· Portable;

· Partial-load and peak-load ability (50 W – 1 kW);

· Independent from weather (by comparison with photovoltaic);

· Multi-fuel use possibility;

· Environmentally friendly (when using bio-ethanol).

Such systems may be used in different areas – medical technologies, military, robotics and in gauging stations [3]. PEM-fuel cell with 300 W capacity has higher system efficiency comparing with diesel accumulator, but the main disadvantage of such systems now are the investment costs, which will be approx. 6 000 Euro (diesel accumulator with 300 W electrical capacity costs approx. 1 000 Euro) [3].

For 300 W electrical output capacity fuel cell needs 22,5 g/h of ethanol [2]. For all the operation time of fuel cell the amount of ethanol needed can be estimated as follows:
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where 


[image: image12.wmf]2

H

m

- hydrogen output, g/h;


[image: image13.wmf]Eth

V

 - ethanol input, l;


[image: image14.wmf]f

Re

h

- reformer system efficiency, %,


[image: image15.wmf]h

- operation time, approx. 2000 h,
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- ethanol density, g/h.

The cost of produced electricity of fuel cell systems is estimated as 10 €/kWh and the cost of electricity from conventional accumulator is 6 €/kWh. However, the diesel accumulators have higher external costs, and that can make the PEM fuel cell system more competitive than accumulators. 

Conclusions

The obtained results show that the bio-ethanol fuel cell system can achieve higher efficiency - approx. up to 80 %. The system design must be modified to minimise heat-losses. The experimentally achieved hydrogen content is in good agreement with simulation results. The period from start up phase till ethanol ignition phase can be reduced. The bio-ethanol reformer with fuel cell is competitive with other conventional systems and the external costs of such system are very low.
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Markova D., Wueffen C., Bažbauers G. Bio-etanola mikropārveidotājs darbībai ar protonu apmaiņas membrānas kurināmā elementu ar  jaudu 300 W.

Darbā tika aprakstīts bio-etanola mikro-pārveidotājs, kas tika konstruēts priekš protonu apmaiņas membrānas kurināmā elementa. Tā kā priekš šādām mazām sistēmām ļoti svarīgi ir samazināt siltuma zudumus, tika noteikts sistēmas lietderības koeficients, parāditas eksperimentāli un ar simulācijas palīdzību iegutais gāzes sastāvs. Vērtējot šādu sistēmu konkurētspēju tirgū, tika aprakstītas tās prieksrocības un aprēķināta iespējamā elektroenerģijas cena, kas tika salīdzināta ar dīzeļa akumulatora vērtībām.

Markova D., Wueffen C., Bazbauer G. Bio-ethanol powered microreformer for PEM – fuel cell with up to 300 W output capacity.

In the work it is described bio-ethanol microreformer for proton exchange membrane fuel cell. Because of importance of heat losses minimising  for such small systems the system efficiency was determined and the gas composition achieved with simulation and experimental results were shown. Analysing the competitiveness of such system the advantages were described and the electricity price of such system was estimated and compared with diesel accumulators values.

Маркова Д., Вуеффен К., Бажбауэр Г. Микро-преобразователь био-этанола для топливного элемента с мембраной обмена протонов электрической мощностью 300 Вт.
В работе описан микро-преобразователь этанола, который сконструирован для топливного элемента с мембраной обмена протонов. Так как для столь малых систем важно уменьшить теплопотери, был определен коэфициент полезного действия, показан состав полученого газа и результаты симуляции. Оценивая конкурентноспособность такой системы были описаны её преимущества по отношению к конкурирующим системам и вычислена возможная цена выработаной электрэнергии, которая была сравнена со значениями дизельного акумулятора.
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