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ABSTRACT.
Gas is an excellent fuel for a large number of applications and can also be used as raw material for the pro-
duction of chemicals. Biogas can be used in more or less all the applications that are developed for natural gas.
For some of the applications biogas may have to be upgraded. Injection of biogas into the natural gas grid will
result in an improved security of supply. This is important since dependence on imported natural gas is
increasing and only 2/3 of the European gas consumption is covered by gas from the EC. The benefits of gas as
a fuel have resulted in increased use and of course will be reflected by increasing gas prices. Biogas is therefore
a very welcome and sustainable alternative; there are four basic ways biogas can be utilised :

production of heat and steam;

electricity production/co-generation;

vehicle fuel;

production of chemicals.
The most common applications for biogas are heating and power generation; using biogas as vehicle fuel and
injecting the gas into the gas grid are applications that reach more and more interest.

DMT a Dutch based manufacture of Odour Control and Biogas Upgrading systems is now offering the DMT
Carborex® PWS technology in the UK.

With this technology biogas can be upgraded to the quality of natural gas in a very effective way against interesting
running costs compared to other systems. After upgrading biogas can be used as vehicle fuel or injection into the
gas grid.

This paper will describe the operation and performance of the DMT Carborex® PWS process, typical
applications, detailing system efficiencies, capital costs, running costs and payback periods.
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INTRODUCTION.

DMT Environmental Technology has developed considerable know how and experience within the specific area of
conditioning of biogas and landfill gasses. In the mid 1980’'s DMT developed a desulphurisation process and
registered it under the name of the DMT Sulfurex®. This process is based upon selective absorption of H,S in a
solution of sodium hydroxide. Since 1985, DMT has been supplying systems worldwide on a variety of projects.
More recently DMT has improved the DMT Sulfurex® process and adapted it to incorporate the latest technologies.

The latest in house development in the field of bio- and landfill gas treatment is the upgrading process known under
the name of DMT Carborex® PWS ( Pressurized Water Scrubbing ).
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BIOGAS.

Biomethane or green gas is equivalent to methane or natural gas, but produced from renewable resources. Biogas
is the methane rich gas that develops when dedicated micro-organisms decompose organic materials in an oxygen
free environment and which can be cleaned or upgraded to biomethane, meaning natural gas quality and used as
vehicle fuel. The reason why biomethane is a particularly interesting fuel alternative from an environmental
perspective is because biogas is an environmentally hazardous by-product to traditional waste treatment methods
such as landfilling of organic waste. When released to the atmosphere, biogas has severe negative environmental
effects since methane is a greenhouse gas that is about 20 times as aggressive as carbon dioxide.

A way to avoid biogas emissions at landfill sites is to flare the gas. An alternative method is to upgrade the biogas
to biomethane quality, use it as vehicle fuel and thus decrease the impact of two sources of greenhouse gas
emissions.

Biogas is produced when specialized micro-organisms decompose organic material in an oxygen free environment;
this is done at landfills, sewage wastewater stations and anaerobic digestion plants. Biogas can also be produced
through the thermal gasification of organic materials. However, such technologies are still in the development
phase and not yet commercially used for biogas production. Depending on the type of feedstock and type of plant
used for the production of biogas, the methane content of the biogas varies, as demonstrated by table 1. It can be
observed that the methane content is the lowest in the gas extracted from landfills and that the concentration of
nitrogen is the highest. Both these features complicate the upgrade of the gas into biomethane. On the other hand,
centralised AD-plants have the best biogas yield and gas quality, which makes the gas the most suitable for
upgrade to biomethane and used as vehicle fuel.

Table 1. Overview of composition of biogas produced at different types of plants compared to North Sea

natural gas.

Component Entity AD-plant  Sewage wastestation Laphdf ill North Sea gas
Methane CH4 Vol. % 60—70 55 - 65 45 - 55 87
Carbon dioxide CO; Vol. % 30 - 40 35-45 30 -40 1.2
Nitrogen N, Vol. % <1 <1 5-15 0.3
Hydrogen sulphide H,S | ppm 10 — 4.000 10 - 500 50 — 2.000 1.5
Oxygen Oy Vol. % <0.2 <04 <05 0

CF hydrocarbons Mg/m3 0 0 50 — 3.000 12.000
Water H,O RH % 100 100 100

Temperature Degr. C. | 40-60 30 -40 10 -30

Wobbe index MJ/m3 24 — 33 25-30 20 - 25 55

UTILISATION OF BIOGAS.

The usual method for utilisation of biogas from e.g. digesting plants, landfill sites or waste water treatment plants in
Europe is, by far, the production of heat and electricity with Combined Heat and Power (CHP) plants or in gas
engines, exclusively for the production of electricity and / or heat with boilers.

The disadvantage of using gas engines or CHP plants is the reduced recovery of the energy content in the biogas.
Using gas engines, only 30 — 40 % of the potential energy can be recovered as electricity whereas the off heat has
to be regarded as wasted. By using CHP plants, the loss heat can be recovered, but there still is a problem related
to the site location. A profitable use of the loss heat is very often either not or only possible with technical difficulties,
due to the peripheral location of most biogas production plants.
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Figure 1. Utilisation of biogas.

The most promising alternative to utilise the biogas remains the purification up to natural gas grade and the use of it
as vehicle fuel or natural gas substitute. In this paper, this type of purified biogas shall be called ‘green gas’.

The entire route from biomass tot heat and power is shown in figure 1. First the biomass is converted into biogas
mainly consisting of methane, carbon dioxide and some polluting components like H2S, NH3 and VOSC. Actually
the biogas is used as fuel for a gas engine next to the biogas plant to generate electricity and heat, whereas only
about 1/3 of the contained biogas energy is converted into power and 2/3 into heat. The power will be fed into the
public grid, but in most situations the heat can’'t be used locally. So it will be released to the atmosphere without any
use.

The disadvantage of this commonly used route of biogas utilisation is the low energy utilization factor of around 1/3
because locally the generated heat can not be used.

The alternative route with much higher energy utilization efficiency would be converting the biogas into natural gas
by means of a suitable biogas upgrading process and feeding the upgraded biogas into the natural gas grid. From
there the biogas can be made available to remote utilization locations like decentralized power and heat generation
units, compressed natural gas fuelling stations or heat generators and boilers in both industry and households. See
figure 2. This route ensures the highest energy utilization efficiency, in some cases close to 100 %.
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Figure 2. Biogas as vehicle fuel; from production of biogas to driving in busses.
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COMPOSITION AND QUALITY OF BIOGAS FOR THE USE AS VE HICLE FUEL OR SUBSTITUTE FOR NATU-
RAL GAS.

Table 2 shows the usual composition of biogas from digesting processes. The main components are methane for
approx. 45 — 70 % and carbon dioxide with approx. 30 — 45 %. In most biogases, also small percentages of oxygen
and nitrogen are present.

Table 2. Specification of raw biogas / upgraded bio  gas ‘green gas’.

Component Entity Biogas Green gas German DVGW 260
Methane CHq4 Vol. % 45 -70 > 97 No minimum values
Carbon dioxide CO, Vol. % 30 -45 < 1 No minimum values
Nitrogen N, Vol. % 1-15 < 2 No maximum values
Hydrogen sulphide Hp,S | ppm 10 —4.000 <5 mg/ms <5 mg/m3

Oxygen O, Vol. % 0.2-05 <0.5 <0.5

CF hydrocarbons Mg/m3 0 —3.000 <10 ppmv < condensation point
Water H,O RH % 100 <0.03 g/ms < condensation point
Temperature . 10 - 60

Caloric value kwh/m® 6-75 Max. 11 8.4—13.1

Biogas is saturated with water and can also contain significant amounts of hydrogen sulphide as well as some
higher hydrocarbons. The interesting components are methane CH,, as fuel or for hydrogen conversion, and
carbon dioxide CO,, which can be, after further purification, applied as industrial raw gas for the production of dry
ice or e.g. to increase the CO,-content in green house atmospheres.

Compared to natural gas, raw biogas is a heavy gas due to its high CO,-content with a density of approx. 1.05 to
1.2 kg/Nm?. Also related to the high CO,-content, the upper heating value of only 20 — 24 MJ/Nm® is approx. 30 —
40 % lower as of natural gas. The requirements on purified green gas derive from the current regulations of the
national and European gas associations, like DVGW in Germany. Additionally also long term experiences with the
operation of cars running on green gas were taken into account.

Referring to table 2, the process of upgrading the raw biogas bases on the one hand on the purification from the
impurities hydrogen sulphide, higher hydrocarbons, oxygen and water and on the other hand on shifting the heating
value. Shifting the upper heating value is mainly based on the removal of carbon dioxide down to values of approx.
1 %.

Especially with the aim of use as vehicle fuel or natural gas substitute, the critical components are hydrogen
sulphide and water. Not only hydrogen sulphide is a strong poison, but particularly because of its corrosive
properties of H,S in water is to be mentioned. This automatically leads to the necessity to mainly reduce the content
of water, hydrogen sulphide and at least carbon dioxide in the biogas to ensure a non-problematic utilisation of
upgraded biogas as substitute for natural gas. Only in case of higher qualities of nitrogen and/or oxygen in the
biogas the removal of these components also has to be considered to avoid further negative influences on the
heating value.

BIOGAS AS VEHICLE FUEL.

When used as fuel for vehicles, biogas is cleaned to a level of 97 % of methane. One cubic meter green gas is
approximately the same as one litre of gasoline. Biogas is the most environmental-friendly fuel in existence.
Besides the reduction of the greenhouse gases, the emissions of nitrogen oxides NO,, hydrocarbons and small
particles are very low. See figure 3. Green gas has also the advantage of being able to be produced from a great
variety of feed stocks that are available in Europe. This is an important feature in relation to Europe’s ambition to
reduce its dependency on imports of fossil fuels, as well as the fact that many jobs can be created in this sector.
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Figure 3. Position of biogas as a fuel.

POTENTIAL FOR BIOGAS PRODUCTION IN EUROPE.
There are more than 5,000 biogas plants in Europe today and biogas is also used from a large number of landfill
sites. The two countries that account for the largest biogas production in Europe are Germany and England. These
two countries together represent almost 70 % of the total biogas production in Europe. The total European biogas
production was in 2002 estimated to 92 PJ / year and the total European potential is estimated to 770 PJ / year in
2020. The countries with the highest biogas production per capita are the UK, Sweden, Denmark, Switzerland and
Holland. In the short term the main potential for biogas production is the treatment of wet wastes like sewage water
sludge, manure and waste from different kinds of food industries. In the long term perspective the main source for
biogas will be different kinds of agricultural products.
Positive developments for biogas production are also expected from the latest European Commission’s
suggestions on new binding targets for the EU :

20 % of the total energy mix should be sourced to renewable energy by 2020.

10 % share of biofuels by 2020.

BIOGAS UPGRADING PROCESSES.

Due to the demands on quality for green gas there is the need to upgrade raw biogas with a safe, stable and
economical advantageous process to remove carbon dioxide as well as the other impurities. Table 3 shows the
various biogas upgrading technologies which are currently available and in operation. The classical procedures are
gas scrubbing, adsorption and CO,-liquefaction, but since some years also wet and dry membrane separation
processes have become available.

There are various technologies that can be used for the upgrading of biogas into green gas. The main step in the
upgrading is the separation of the carbon dioxide from the methane gas.
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Principle Name Type of Pre treatment Working Methane
regeneration pressure losses
(barg ) (%)
Adsorption Pressure Swing | Vacuum Water vapour, HS 4-7 2
Adsorption
PSA
Absorption waterscrubbing | None; air stripping | None 7-10 <2
Polyethylene Air stripping Water vapour, HS 7-10 <2
glycol
Mono ethanol Heating H2S atmospheric <0.1
amine MEA
Membrane separation Water vapour, H,S 8-10 > 10
Table 4 shows the performances of the various biogas upgrading technologies.
Table 4. Biogas upgrading processes.
Process Description Advantages D|sadvantages
Adsorption COo, higher CyHy, H2S, SI-, -high gas quality -H,S pre-treatment

Fl-, Cl-components, odours
will be removed by activated
carbon / carbon molecular
sieve

-dry process

-no use of chemicals

-no process water demand
-no waste water

-partial removal N2 and O
-no bacterial contamination of
offgas

-proven technology

-3 to 4 parallel streets needed
-CHg level not stabile
-complex process

-high investment cost

Gas scrubbing

CO; and H3S is absorbed by

means of scrubbing fluid

(‘e.g. water, amines, glycol
ethane etc. )

-high gas quality

-interesting investment costs
-no pre treatment necessary
-compact process

-proven technology

-re-use of CO; possible

-disposal waste water
-use of process water

Membrane process

CO; is separated due to
different permeation rates at
a membrane

-dry process

-no chemicals

-low mechanical wear
-compact process

-pre-treatment necessary
-low CH,4 recovery

-high investment costs

-high energy demand
-unstable long-term behaviour
-still few references

CO2 liguefaction

CO:, is liquefied by high pres-
sure and low temperatures
and separated by rectification
column

-very high gas quality
-no chemicals

-no water

-compact process
-re-use of CO» possible

-pre-treatment necessary
-very high energy consumption
-high investment cost
-complex process

-only pilot plant references
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Table 5 shows a comparison of various biogas upgrading processes in terms of process parameters, number of
selected references and operation & cost efficiencies. Water scrubbing seems to be the best solution.

Table 5. Comparison of various biogas upgrading pro cesses.

Water PEG scrubber |Amine scrubber Pressure Membrane
scrubber Swing process
Adsorption
CHg-enrichment High + + High + + High + + Good + Low -
O3-/Nz-enrichment Yes - Yes - Yes - No + Yes -
CHjy-losses Low + + Medium - Low + + Medium - High - -
Produced gas dryer Yes - Yes - Yes - No + No +
required
H>S pre treatment No + Yes - Yes - Yes - Yes -
required
Waste gas treatment No + Yes - Yes - No + No +
required
Utility demand Medium +/- High - - High - - Medium +/- High - -
Power demand €0.25/m° €032/m° €042/ m° €0.25/m° €050/ m°
biogas
Level of emission Medium +/- Low + Medium +/- Low + Low +
Capital cost Medium +/- Medium +/- High - Medium +/- High -
References ++ - - - - + - -

At this moment there are in between 70 and 100 upgrading plants installed worldwide. Table 6 shows a list of
selected reference plants as by 2006/2007. Water scrubbing is the favourite technology up until now with more
than 45 % market share in realized plants.

Holland started in the late 80's with the first biogas upgrading plants in the world ( 5 upgrading plants with
injection into the natural gas grid ); in the 90’s there was no follow up because of focussing on green electricity.
Sweden took over the leading role of biogas upgrading and focussed on biogas as vehicle fuel. At present
Germany, Austria, France and Spain are going to follow Sweden as leading country. Holland is waiting for new
financial support from the authorities for the production of green gas and is ready to follow Sweden as well.

Table 6. List of selected reference plants as by 20  07.

Water PEG scrubber |Amine scrubber Pressure Membrane
scrubber Swing process
Adsorption

Czech Republic 5 - - - -

France 3 - - - -

Holland 1 - - 2 3

New Zealand 1 - - - -

Sweden 14 2 - 3 -

Switzerland - 2 - 5 -

USA 1 3 - 3 3

Germany - 1 - 4 -

Austria - - - 1 -

Canada - - - - 1

Iceland 1 - - - -

Japan 3 - - - -

Norway - - - 1 -

Spain 1 - 1 - -

Total of 65 plants B0 B L L9 7
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The DMT Carborex® PWS TECHNOLOGY.

DMT Environmental Technology has developed an unique process and concept, the DMT Carborex® PWS
process for biogas upgrading. See figure 4. PWS® means Pressurized Water Scrubbing, which is an improved
version of the traditional Water Scrubbing process, being the most cost & operation effective process at present.
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Figure 4. DMT Carborex ® PWS TECHNOLOGY.

The process offers a Total Solution for biogas upgrading using a scrubber process for absorption of hydrogen
sulphide and carbon dioxide in circulating water. The upgrading system utilizes reused water in a recirculation
process; this system is especially interesting when only small amounts of water are available. Depending on size
and requirements the plants can be built as containerized units or assembled in industrial buildings.

Electrical & mechanical equipment is located in separate compartments. The entire process is controlled by a PLC
system where it is possible to communicate with a monitor computer system.

All the vessels, piping, measuring devices and equipment that come into contact with the gas are made of stainless
steel or glass fibre reinforced polyester. The plant contains all equipment, valves and piping for treatment of the
main biogas flow and the necessary measuring devices and control panel. As it is required for the automatic
procedure of absorption, desorption and pressure fluctuation-free switching from one vessel to another, measuring
devices and switch fittings are completely integrated and have all the required piping.
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Figure 5. The DMT Carborex ® pPWS TECHNOLOGY.

Process description.

The upgrading plant has to deal with desulphurisation, removal of carbon dioxide and dehumidification. In this
paper we introduce two technologies combined in one plant to remove both hydrogensulphide, carbon dioxide and
water compounds :

- Hydrogensulphide and carbon dioxide removal by water scrubbing. Water of scrubber to be circulated and
regenerated in an air stripping unit. Air and water coming out of the air stripping unit to be treated in a
biological desulphurisation plant ( Bio Trickling Filter BTF ).

Removal of water, remaining hydrogensulphide and possible other remaining contaminants ( like silicon
organic compounds ) by cooling and drying the biogas in the same process.

In more detailed steps ( see also figure 5) :

- The incoming biogas is compressed to 8 - 10 barg with a reciprocating compressor; biogas usually
contains small concentrations of hydrogen sulphide. Therefore an oil free compressor is needed; the
compressed biogas is cooled with water coming out of a cooling system.

After the cooling step, carbon dioxide and hydrogen sulphide are removed in a scrubber / absorber. The
scrubber is packed with packing material for excellent mass and heat transfer. Absorption is most
efficient when water temperature is low and constant. Two types of water absorption processes are
commonly used for upgrading of gas from anaerobic digestion, single pass absorption and regenerative
absorption. The major difference between the two processes is that the water in the single pass process is
used only once. A typical installation is at a sewage water treatment plant using effluent water as circulation
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fluid. Water can also be recycled and in this project a stripper column has to be integrated in the process
(regenerative absorption). In the absorber carbon dioxide ( and hydrogen sulphide ) will be removed by
scrubbing. The recirculation water is fed into the absorber at the top, whilst the biogas flows through the
absorber counter current to the water. Intensive contact takes place in the absorber and the carbondioxide
and hydrogen sulphide in the biogas are reduced. The absorber is filled with so called contact media for
intensive mass transfer. On top there is a water spraying system and a droplet separator. Carbondioxide
and hydrogen sulphide are better soluble in water than methane. Therefore it is a very good method to
remove carbondioxide out of the biogas and enrich the gas with methane. Some methane will also be
absorbed, but this can be recycled in the gas-freeing steps.

Used circulation water contains dissolved gasses including minor amounts of methane; therefore the
water is flashed to 2 bar in a flash vessel in order to minimize the methane losses. The water is partly
degassed and gas from the flash tank is recirculated into the inlet of the upgrading plant. The methane
losses are controlled by adjustments of the pressure in the flash tank.

The recirculation water out of the absorber is recycled by gas freeing in three steps :

First, the recuperated gas of the highest gas-freeing, rich in CO,, H,S and CH, is injected as raw gas
into the pressure stages. The recirculation water out of the absorber is recycled by gas freeing in
different steps, the first two steps are taking place in the methane recovery tower. This tower consists
out of two vessels. In the first vessel the pressure of the water is reduced from 10 to 2-4 barg. The
recuperated gas of the highest gas-freeing, rich in CO,, H,S and CH, is injected as raw gas into the
pressure stages.

Second, the gas salted out in the lowest gas-freeing tour, rich in CO,, is also sent back into the pressure
stages or can be applied as industrial raw gas to increase the CO, content in greenhouse atmospheres
or other possible applications. In the second vessel the pressure of the water is further reduced to 1
barg.

Third, the recirculation water coming from the methane recovery tower is sent into an air stripping unit
for stripping out CO, and H,S. In the air stripping tower air coming from outside is put into a desorption
tower where the recirculation water is counter currently flowing down. Most of the CO, and H,S is being
removed by stripping to the atmosphere. Because of regulations for H,S emission, additional air
treatment will take place in a BTF. The treated recirculation water is pumped back to the absorber.

The air coming from the air stripping unit is sent to a Bio Trickling Filter for biological reduction of H,S
contamination. BTF ( Bio Trickling Filter ) is a biological filter for the treatment of both wastewater and air.
The air coming out of the stripping tower is treated together with the wastewater ( bleed off ) coming from
air stripping tower. The BTF comprises a cylindrical tank filled with plastic media. The media are acting as
a carrier material for micro-organisms. The wastewater is fed into the filler at the top, whilst the air flows
through the filter parallel or counter current to the water. Intensive mixing takes place in the filter and the
contaminations in the air and water are reduced by the micro-organisms.

An adsorption dryer is installed after the water absorption column and removes water from the upgraded
biogas. The dryer is self regenerating and consists out of two identical columns with drying agent. The
columns are working alternately controlled by the PLC system. The upgraded biogas after the absorption
stage is being dried and polished before delivered to the natural gas grid. This is done by 2 * 2 vessels
filled with drying agent and activated carbon. The drying vessels are self regenerating by guiding approx. 5
— 10 % of the dried gas through the column that is regenerating. Before the dried gas is led into the column
it is heated in a heat exchanger, which is heated by biogas after the compressor. The regeneration
pressure is approximately 200 mbar which means that the gas has great ability to absorb the water in the
drying agent. GAC vessels are polishing the upgraded biogas from H,S, siloxanes and traces of HC.

In order to run the process optimally, CO,, CH,; H,O, H,S and Wobbe-index are measured
continuously; the PLC system controls the process according to the analysis’ results.

11
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OPERATING AND COST EFFICIENCY OF BIOGAS UPGRADING W ITH DMT Carborex ® PWS PROCESS.
Based on the general conditions of today, the overall specific costs of upgrading biogas to natural gas quality have
been compared for different sizes / capacities of plants; the results are shown in table 7 & figure 6.

Table 7 Economics of biogas upgrading with the DMT Carborex ® PWS process.

Capacity biogas | 250 m%h 500 m3h 750 m3/h 1,000 m%h 2,000 m3h
Investment 72,500 97,000 120,000 145,000 195,000
Maintenance 25,000 40,000 60,000 75,000 100,000
Operation 10,000 12,000 15,000 17,500 20,000
Electricity B0,000 55,000 86,000 107,500 193,500
Water 8,050 16,125 24,188 32,250 64,500
Chemicals 1,250 2,500 3,750 5,000 10,000
Nutrients 350 625 950 1,250 2,500
Waste - - - - -

Other - -

Total cost in € / year 147,150 P23,250 309,888 B83, 500 585,500
Total cost per m3 0.105 0.0799 0.0739 0.0686 0.0523
produced green gas

Costs and assumptions :

Investment cost incl. civil works, depreciation 15 years linear, 6 % interest rate.
Utilities ( electrical power, water, chemicals, nut  rients, disposal of waste etc. ).
Power cost € 0.05 / kWh; water € 1,50 / m 3, operation time 8.600 h / year.
Service ( full maintenance, spare parts ).

Biogas specification : raw gas CH 4 65 %; green gas CH 4 97 %; raw gas H »S 1.500 ppm; green gas H »S < 3 ppm. Working
pressure 8 — 10 barg.

It is evident that for plants with a capacity of > 250 Nm¥hr biogas total upgrading charges from € 0.08 to € 0.05/
Nm?® produced gas can be considered possible. This corresponds with approximately € 0.005 / kwWh. Compared
with current selling prices of natural gas this is an interesting value. Taking further into account various taxes for
bio-natural gas, a selling price on gas stations slightly below the natural gas could be possible.

Economics of the DMT TS-PWS ©
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PLANT EXAMPLE BIOGAS UPGRADING.

One of the first biogas upgrading plants in the world was built in Tilburg, Holland, in 1986. The plant receives biogas
from three different sources : a landfill site, a waste digesting plant and a neighbouring sewage treatment plant. On
yearly basis 30 % of the treated biogas is coming from the digesting plant and 70 % from the landfill site.

The upgrading plant includes a gas scrubber to remove CO,; some of the surplus CO, is used for regeneration
purposes in the process, the rest is emitted to the atmosphere. Biogas upgraded to the quality of natural gas is
injected into the Tilburg city distribution grid.

Total investments in 1986 were about € 3.6 million for both digesting and upgrading plant. Till today, the production
price of the produced gas has been € 0.14 / m?2.

About the technical specifications :

-maximum capacity of biogas : 2.000 Nm®hour
-maximum capacity of green gas : 1.300 Nm*hour
-normal load £ 900 — 1.700 Nm*hour
-yearly production of green gas : 6 million Nm?®

Figure 7. Biogas upgrading plant in Tilburg.
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PLANT EXAMPLE BIOGAS UPGRADING.

At present there are two DMT Carborex® PWS biogasupgrading plants & projects under construction in Holland as
part of Sustainable Mobility projects for public transport.

About 100 vehicles will be driving on biogas as a start ( 2008 ) with the realisation of these projects. More projects
and vehicles will follow soon the next 3 — 5 years; estimations are in between 5 and 10 plants with in total 500 to
1.000 vehicles to drive on biogas. The biogas comes mainly from agricultural products in combination with manure.

14



CONCLUSIONS.

The DMT Carborex® PWS biogas upgrading plant is a robust and reliable system for upgrading the biogas prior
to it being injected into the natural gas grid or used as vehicle fuel. The combination of physical and biological
processes provides optimum performance, reliability and low running costs compared to other systems.

Performance off the DMT Carborex ©° PWS upgrading plant

High methane content in produced gas > 97 %

Low carbon dioxide content < 2 %

Methane losses < 2 %

High efficiency on removal H2S in one step < 2 ppm in outlet gas

Green gas pressure 8 — 10 barg

Power consumption 0.4 — 0.5 kWh / m3 produced gas

Heat recovery 60 — 70 % of electrical power

Energetic efficiency very high 95 — 97 %

Make up water 500 — 5.000 | per hour

Low maintenance

Interesting running costs € 0.10 - € 0.05 / m3 produced gas depending of
capacity of plant

Proven technology with references since 1986

Possibilities to re-use of CO2 as raw industrial gas for production of dry ice
or to increase CO2 content in greenhouse atmospheres.

Modular construction in sea containers
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