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ABSTRACT

The main goal of the Dutch Renewable Energy Policy is that in 2020 10% of the total energy
consumption has to be provided by renewable energy sources. Cofiring of biomass and waste in
conventional coal-fired power plants, and natural gas fired installations, is expected to
contribute substantially to the short-term market introduction of biomass and waste based power
production technologies in a technical, environmental, and economic attractive way.

In this paper the total technical, environmental and economic cofiring potential for biomass and
waste in the Netherlands is analysed. An overview is given of current and future cofiring
activities in the Netherlands. Furthermore, the following questions are addressed: 1) the total
current and future availability and contractability of biomass and waste materials for energy
purposes, 2) the concepts that can be used to cofire the large variety of biomass and waste
materials (direct cofiring, indirect cofiring, cofiring by upstream gasification, cofiring by
upstream pyrolysis, cofiring by upstream Hydro-Thermal-Upgrading, and cofiring by upstream
combustion with downstream steam-side integration), 3) technical constraints that limit the total
cofiring potential, 4) environmental constraints that limit the total cofiring potential (EU air
emission constraints, quality and commercial applicability of co-produced solid residues), and
5) financial-economic constraints.

It is concluded that cofiring indeed has the potential to play a major contribution to the future
renewable energy based energy supply system in the Netherlands. For cofiring of relatively
clean biofuels in conventional coal-fired power plants direct cofiring is preferable, followed by
indirect cofiring and upstream gasification without additional fuel gas clean-up. For co-firing of
more contaminated biofuels upstream gasification with (advanced) fuel gas clean-up and
upstream combustion with steam-side integration have been identified as the most promising
concepts. For cofiring in natural gas fired combined-cycles, upstream gasification with
advanced fuel gas clean-up has been identified as the only applicable technology.
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1. INTRODUCTION

At the start of this millennium the world is standing at the beginning of new technological
(nevolution, viz. the switch from a mainly fossil fuel based economy to a solar-based
sustainable society, including the use of biomass, as primary energy carrier for energy purposes.
In the Netherlands, the main goal of the Renewable Energy Policy is to increase the current use
of renewable energy sources, about 1% of the total Dutch primary energy use, to 10% in 2020.
Biomass is expected to provide a major contribution (about 26%) to the 2020 renewable energy
policy goal.

Dutch Renewable Energy Policy Goal [PJy, avoided fossil fuel use]

energy source 2000 2007 2020
wind 16 33 45
solar (pv + thermal) 3 7 20
domestic waste 30 40 45
heat pumps 7 50 65
biomass 24 45 75
others 3 11 20
import from Norway - 18 18
(water)
total 83 204 288
Biomass-based conversion technologies [PJy, avoided fossil fuel use]
technology 1995 2000 2007 2020
domestic wood combustion 8 8 8
industrial wood combustion 5 5 5
cofiring in fossil fuel fired power plants 0,1 3 18
decentral CHP production - 2 6
anaerobic digestion 5 6 8
others - - -
total 18,1 24 45

Cofiring of biomass in fossil fuel fired power plants is expected to contribute significantly on
the short term; whereas in the long term stand-alone decentral CHP production, by means of
biomass combustion and gasification, is expected to be technically and economically mature to
play an important role as well.

Further, to comply with the Dutch CO,-emission reduction goal (25 Mt CO, equivalents in
2010), as defined in the Kyoto-Protocol, the fossil fuel related CO,-emissions of the Dutch
power plants have to be decreased significantly. A large part (6 Mt CO, equivalents) of this
CO,-emission reduction goal has to be realised at coal-fired power plants. CO,-emission
reduction at coal-fired power plants can be realised by efficiency improvement, a fuel switch to
natural gas, and by substituting part of the coal by the renewable energy carrier biomass.
Recently, a conceptual agreement has been drawn up, in which the Dutch power production
companies promise to the government that they will reduce coal-fired power plant related CO,-
emissions with 6 Mt CO, equivalents by 2010, by means of: cofiring of biomass (50% reduction
goal, equivalent to 20% coal substitution), efficiency increase, and fuel switching to natural gas.

Cofiring of biomass is applied in all available Dutch coal-fired plants already. The cofiring
percentage is still limited to less than 5% of the total energetic plant input. Cofiring of biomass
in natural gas fired installations is not applied yet. To comply with the policy goals mentioned,
the cofiring percentage has to be increased significantly. A variety of initiatives is being
developed at the moment in the Netherlands.
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What cofiring concepts could be used best for the use of a variety of biomass fuels, and the
maximum cofiring percentage applicable, is still unclear, and needs further attention.

2. DUTCH COAL-FIRED POWER PLANTS AND COFIRING

INITIATIVES

The total installed Dutch coal-fired power production capacity amounts 4169 MW,, provided by
eight separate plants. In all plants, a small amount, < 5% on energetic basis, of the total coal

input is already substituted by biomass and waste materials.

Dutch coal-fired power plants

plant owner" net electrical lifetime type
capacity [MW;] [start-close]

Gelderland-13 EPON 602 1983-2011 old
Amer-8 EPZ 645 1981-2010 old
Amer-9 EPZ 600 1994-2023 new

Borssele-12 EPZ 403 1988-2012 old
Maasvlakte-1 EZH 518 1989-2013 old
Maasvlakte-2 EZH 518 1988-2012 old
Buggenum-7 Demkolec 253 1994-2023 IGCC

Hemweg-8 UNA 630 1995-2024 new

total 4169

Current cofiring initiatives in coal-fired power plants in the Netherlands®

Gelderland-13 Amer-8 Amer-9 Borssele-12°
cofiring concept separate size direct cofiring separate direct cofiring
reduction / drying gasification
(Lurgi)
fuel demolition wood paper sludge demolition wood waste wood
[kt/year] 60 75 150
coal substitution
[kt/year] 45 4,5 70
[MW,] 20 5 25-30
[% energy input] 3 0.3 5
CO,-emission
reduction [kt/year] 110 11 170
investment costs
[MEuro] 13.6 38.1
status operational operational start-up operational

! EPON = Electra-Bel (Belgium), EPZ = Essent (Netherlands), EZH = PreuBen-Elektra (Germany), UNA = Reliant

Energy (U.S.A)).

2 In case no data are shown, no data were available.
® Also cofiring of 50 Nm*/year phosphor furnace gas (Hoechst): 23 kt/year coal substitution (12 MW,).
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Current cofiring initiatives in coal-fired power plants in the Netherlands (continued)*

Maasvlakte-1 | Maasvlakte-2 Buggenum-7 Hemweg-8
cofiring concept direct cofiring (in)direct cofiring direct cofiring
fuel Biomass pellets® / chicken manure variety sewage-sludge
[kt/year] 150/ 40 75
coal substitution
[kt/year] 30/23 38
[MW¢] 33/26 18
[% energy input] 5/4 3
CO,-emission
reduction [kt/year] 78 /60 92
investment costs
[MEuro] 7.0/
status operational / tested studied tested
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Cofiring of biomass by separate size reduction / drying Gelderland-13 power plant (EPON)

4 In case no data are shown, no data were available.
® Biomass pellets: 60 weight% paper/cardboard, 24% waste wood, 16% compost.
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Cofiring of biomass by separate gasification (Lurgi) Amer-9 power plant (EPZ)

Additional initiatives that probably will be executed in the short term are:

Gelderland-13 (EPON): Increasing the total cofiring capacity to 10% (energy basis), by:

- direct cofiring of a variety of relatively clean biofuels,

- cofiring by separate gasification without additional fuel gas clean-up (Foster Wheeler).
Amer-8/9 (EPZ): Increasing the total cofiring capacity significantly, by direct and indirect
cofiring concepts.

Borssele-12 (EPZ): Direct co-firing of 6000 ton dry base sewage sludge (CO,-reduction: 7
kt/year, investment costs: 1,2 MEuro). Increasing the total cofiring potential to 120 kt/year,
partly by sewage sludge.

Maasvlakte-1/2 (EZH): Increasing the cofiring capacity of Biomass pellets to 288 kt/year
(coal substitution 10% by weight). Improving the quality of the Biomass pellets by pre-
drying. Direct cofiring of 40 kt/year chicken manure (coal substitution: 4% energy basis,
CO,-emission reduction: 60 kt/year). Further, increase of the cofiring capacity by separate
biomass combustion with steam side integration.

Buggenum-7 (SEP): The fate of this entrained-flow based IGCC plant is unclear at the
moment. The plant is for sale. Depending on the new owner, the plant will be continued as a
coal-fired IGCC, or as a natural gas fired combined-cycle. Sponsored by the Dutch Agency
for Energy and the Environment (Novem) and Demkolec, ECN currently is investigating the
cofiring possibilities, and the possibility to modify the plant for the integrated production of
secondary energy carriers (hydrogen, methanol, Fischer-Tropsch diesel) with CHP
production.

Hemweg-8 (UNA): Direct cofiring of 75 kt/year sewage sludge (6 weight% coal
substitution). Cofiring of a variety of biomass materials.
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3. DUTCH NATURAL GAS FIRED INSTALLATIONS AND COFIRING
INITIATIVES

In the Netherlands, two main types of natural gas fired installations can be distinguished, viz.:
1) natural gas fired furnaces/boilers (total installed capacity: 4600 MW,,), mainly used for
process heat production, and 2) natural gas fired gas turbine installations (total installed
capacity: 4325 MW,), used for power production. The total installed capacity for gas turbine
installations in combined-cycle mode amounts about 6000 MW, [HoSt].

Concerning natural gas fired furnaces/boilers, currently a lot of small-scale initiatives are being
undertaken, to substitute natural gas by using organic waste streams for process heat production,
by installing separate combustion and anaerobic digestion installations. In the (near) future,
when gasification is fully technically developed, also this technology probably will be used for
small-scale process heat applications, using decentral produced organic waste streams. Also
small-scale gasifier — gas engine plants will then probably be used for decentral CHP
production.

Concerning natural gas fired gas turbine installations, about 60% (2700 MW,) of the total
installed electrical gas turbine capacity (4325 MW,) is provided by the 13 largest Dutch
combined-cycle plants (see table). For the time being, no cofiring initiatives are in operation. An
initiative that is in study, and that is planned to be realised in the short term, is cofiring of
sewage sludge and high-calorific dangerous waste materials in the Eems power plant of EPON.
It is planned to install a 100 MWy, separate gasification installation, with an advanced extensive
fuel gas clean-up system. This activity will substitute about 3% natural gas on an energetic base,
and will correspond to an electrical capacity of about 40 MW,. Considering the type of fuels to
be used, and the current expertise concerning cofiring in natural gas fired combined-cycles, the
realisation of such a plant is however still questionable.

13 largest Dutch natural gas fired combined-cycles [HoSt]
combined-cycle type of GT NOy-reduction start-up Electrical
GT?® capacity

[MWe]

Eems, EPON 5* MS9001F dry-low NOy 1996 1125
Delfzijl, AKZO GEF9A dry-low NOy 1999 240
Moerdijk, EPZ 3* KWU V64.3 dry-low NOy 1995 178
Diemen, UNA ABB GT 13 E2 dry-low NO,/steaminj. 1995 165
Lage-Weide, UNA ABB GT 13 E2 dry-low NO,/steamin;j. 1995 165
Galileistraat, EZH ABB GT 8 dry-low NOy 1988 150
Hemweg, UNA ABB GT 13 dry-low NOy 1988 145
Merwede, UNA ABB GT 13 dry-low NOy 1989 145
Merwede, UNA 4*ABB GT 9 dry-low NOy 1978/84 124
R’dam, Eurogen. 2 * GE Frame 6 steam injection 1994 76
Donge, EPZ ABB GT 13D water injection 1975 75
Lage-Weide, UNA ABB GT 11D dry-low NOy 1987 66
Roca, EZH 2* GE PG 5341 steam injection 1982 50

total 2704

® Electrical gas turbine (GT) capacity [MW,]: this is only the GT-part of the combined-cycle. For example, the Eems
power plant has a total electrical capacity of 1675 MW, (1125 MW, GT-capacity and 550 MW, ST-capacity).
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4. ADVANCED COFIRING CONCEPTS FOR THE (NEAR) FUTURE

Introduction

To meet the Dutch policy goal(s), concerning CO,-emission reduction, the total cofiring
capacity in existing coal-fired power plants, should be increased significantly. To comply to the
goal(s), except for biomass materials that can easily be directly cofired with pulverised coal, and
that are already used to a large extent in the current cofiring initiatives, also biomass materials
have to be used that cannot processed directly, but that need upstream pre-treatment. Depending
on the type of biomass, a specific pre-treatment will be necessary, to convert the biomass in
such a way, that it can be processed in the conventional coal-fired plant. The type and amount of
biomass that can be cofired in conventional coal-fired power plants is limited by technical,
environmental, and economic constraints.

Technical limits are mainly imposed by the existing coal conversion process. Environmental
constraints that are applicable are: flue gas emission constraints and constraints concerning the
quality of produced solid waste streams (ashes, flue gas desulphurisation gypsum). Financial-
economic constraints are based on: the additional investment that will be necessary for the pre-
treatment of the biomass materials, applicable investment subsidies, the price of the biomass
materials, and applicable fiscal regulations (“green” heat and power, green labels, ...).

Cofiring concepts

Depending on the kind of biomass material, different concepts are and can be used for cofiring

of biomass in coal-fired power plants, viz.:

« Direct cofiring: size reduction, feeding and combustion of the biofuel together with the coal,
in already existing equipment.

« Indirect cofiring: separate pre-treatment of the biomass, excluding thermal or biochemical
pre-treatment. Example: the separate size reduction, drying, feeding and combustion
system at the Gelderland-13 plant of EPON.

e Separate biomass gasification of the biofuel, after which the low-calorific fuel gas is
combusted with separate burners in the coal boiler. Two subconcepts can be distinguished:
- separate gasification without additional fuel gas clean-up (Foster Wheeler technology);

- separate gasification with additional low-temperature fuel gas clean-up technology
(Lurgi technology).

e Separate biomass pyrolysis, after which the pyrolysis products (oil, char, gas) are
combusted in the coal boiler. Three subconcepts can be distinguished:

- separate slow pyrolysis, after which the char is mixed with the coal, and combusted as a
fuel mixture in the coal boiler; the surplus pyrolysis gas, that is not necessary to provide
energy to drive the pyrolysis process, is fed without additional low-temperature gas
clean-up to the coal boiler, and combusted:;

- separate slow pyrolysis, after which the char is mixed with the coal, and combusted as a
fuel mixture in the coal boiler; the surplus pyrolysis gas, that is not necessary to provide
energy to drive the pyrolysis process, is fed after additional low-temperature gas clean-
up to the coal boiler, and combusted;

- separate fast pyrolysis, after which the pyrolysis oil is combusted with separate burners
in the coal boiler.

»  Separate biomass Hydro Thermal Upgrading (HTU), i.e. biomass conversion in liquid water
at high-pressure (120-180 bar) and a relatively high-temperature (300-350°C), after which
the “biocrude” is combusted with separate burners in the coal boiler.

e Separate biomass combustion with steam-side integration to the coal-fired power plant.

For cofiring of biomass in natural gas fired combined-cycles, only one concept seems to be
practically applicable: separate biomass gasification with additional low-temperature “wet” fuel
gas clean-up technology (Lurgi technology).
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From an overall efficiency point of view, pressurised gasification with high-temperature “dry”
fuel gas clean-up technology (Carbona technology) is potentially more interesting. It is,
however, questionable whether this fuel gas clean-up technology will be sufficiently robust, to
clean the biomass-derived fuel gas.

Separate biomass combustion with steam-side integration to the natural gas fired combined-
cycle is a concept that is theoretically and practically possible. However, in contrast to steam-
side integration to coal-fired power plants, steam-side integration to natural gas fired combined-
cycles seems to offer less advantages. Compared to a conventional stand-alone biomass
combustion steam turbine plant the efficiency improvement for the conversion of the biofuel
will also be limited, because only the steam turbine part of the combined-cycle is used for
power production.

Steady-state integral system calculations

To get a better insight to the applicability of the different cofiring concepts, these concepts are
studied in more detail, coupled to three base-case power plants, viz.: 1) a pulverised coal-fired
combustion plant, 2) a pulverised coal-fired IGCC plant, and 3) a natural gas fired combined-
cycle plant.

Main data base-case fossil fuel fired power plants’

plant capacity [MW¢] electrical efficiency load factor
[%LHV] [hours/year]
coal-fired combustion 600 40 6000
plant
coal-fired IGCC 253 43 6000
natural gas fired CC 335 (220+115) 55 6000

For the cofiring concepts mentioned, steady-state system calculations have been performed. For
cofiring in the coal-fired plants, 10 and 40% biomass cofiring on an energetic base has been
considered. For cofiring in the natural gas fired CC, 5, 10 and 20% cofiring on an energetic base
has been considered. Cofiring of LCV biomass-derived fuel gas, in relatively new gas turbines,
which mainly use dry low-NO, combustion chambers for NOy-control, is expected to be
technically limited to about 10-20% on an energetic base. For higher cofiring percentages,
extensive gas turbine modifications, for example substitution of the whole dry low-NOy
combustion chamber by a combustion chamber that uses water/steam injection for NO,-
reduction, will be necessary. In this case, it is questionable or the relatively high additional
investment costs required, will make cofiring of higher percentages of biomass financial-
economic attractive.

The results of the system calculations are: overall mass and energy balances and the net
electrical efficiency for conversion of the biofuel. By up and down scaling of available
investment cost data from literature, the specific investment costs are calculated.

" Base-case coal-fired combustion plant: average data for plants in the Netherlands. Base-case coal-fired IGCC:
design data Demkolec IGCC plant (Buggenum). Base-case natural gas fired CC: data for one CC of the Eems power
plant (EPON).
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Results steady-state integral system calculations cofiring in base-case coal-fired
combustion plant

Concept Net electrical efficiency Specific additional

biofuel [%LHV] investment costs

[Euro/kW,]

cofiring percentage (energetic base) 10 40 10 40

direct cofiring 39.5 39.5 40 25

indirect cofiring 38 38 500 285

separate gasification:
- without LT fuel gas clean-up (FW) 38 38 455 300
- with LT fuel gas clean-up (Lurgi) 35.5 35.5 1120 735
separate pyrolysis:

- slow without LT gas clean-up 36 36 895 895
- slow with LT gas clean-up 32.5 32.5 1240 1240

- fast (Pyrovac) 36 36 935 935

separate Hydro Thermal Upgrading 35.5 35.5 620 490
separate combustion with steam-side integration” 38.5 38.5 940 575

Cofiring of biomass in the coal-fired base-case IGCC plant results in net electrical conversion
efficiencies for the biofuel that are 2-3 %-points higher, compared to cofiring in the base-case
coal-fired combustion plant. This is caused by the higher initial electrical efficiency of the base-
case IGCC plant (43 versus 40 %LHV). Because of the lower overall plant capacity (253 MW,
versus 600 MW,), the specific investment costs [Euro/kW,] for biomass cofiring are 20-30%
higher.

Results steady-state integral system calculations cofiring in base-case natural gas fired CC

Cofiring by separate gasification | Net electrical efficiency biofuel | Specific additional investment
with LT fuel gas clean-up [%LHV] costs [Euro/kW]
cofiring percentage
(energetic base) 5 10 20 5 10
results 44.5 44.5 44.5 1500 1340 1185

Technical cofiring constraints

The main technical constraints with regard to cofiring of biomass in coal-fired power plants are:

e problems at the reception (quality control), pre-treatment including milling (danger of dust
explosions) and feeding of the biomass;

e potential problems in the coal boiler (high-temperature corrosion of boiler walls and steam
superheaters, slagging (Ca, Fe), fouling (Na, K) and erosion (ash);

« potential problems in the flue gas clean-up section (higher flue gas volume -> capacity ESP
(dust emission), accelerated deactivation SCR-catalysts, DeSO-capacity, and heavy metals
emission;

¢ potential problems regarding the quality of produced liquid waste streams (washing water),
and solid by-products (fly-ash, flue gas desulphurisation gypsum).

® The maximum cofiring percentage by steam-side integration is limited by the already existing “optimum™ coal-
based steam system. Therefore, the amount of additional biomass-derived steam that could be handled will be
limitied, and it is expected that also substitution of a large percentage of coal-based by biomass-derived steam will be
limited, because of restrictions to available superheating capacity. The maximum cofiring percentage by steam-side
integration should be studied in more detail in specific cases to be concerned.
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Further, the plant flexibility, capacity, and operational time, may not be influenced negatively
by cofiring of biomass. Part of technical constraints mentioned have already been solved in
practice; however, special attention still has to be given to the danger of high-temperature
corrosion and potential slagging and fouling problems. Emissions of fine dust and heavy metals
(for example by cofiring of sewage sludge or demolition wood) may be problematic in certain
cases.

The main technical constraint with regard to cofiring of biomass-derived fuel gas in relatively
new natural gas fired combined-cycles is the potential flame repercussion in dry low-NOy
combustion chambers. Therefore, the maximum amount of biomass-derived fuel gas to be
cofired is limited between 0% (GE) and 10%(ABB) on energetic base. In case more fuel gas has
to be cofired, the dry low-NO, combustion chamber has to be replaced by another combustion
chamber, that uses water/ steam injection for NO,-emission control, resulting in considerable
additional investment costs.

In case pressurised gasification with dry high-temperature fuel gas clean-up (Carbona
technology) would be used as biomass pre-conversion technology, it is insecure whether the
fuel gas will be cleaned sufficiently to meet the gas turbine hardware constraints, and or the
resulting flue gas will comply to the applicable air emission constraints. These aspects need
further attention.

Environmental cofiring constraints

The main environmental constraints that have to be met, in case of cofiring of biomass in coal-
fired power plants, are the air emission constraints, and constraints concerning the quality of the
solid by-products produced.

From system calculations, concerning cofiring of a variety of biomass materials in a coal-fired

power plant, using a model with general coal component distributions, the following

preliminary results have been found:

« clean biofuels®: - violation of the EU air emission constraints is not
expected;

- it is not expected that the quality of produced solid by-
products (fly-ash, gypsum) will be influenced
negatively in such a way, that commercial applicability
will be endangered.

 contaminated biofuels': - violation of the EU air emission constraints is expected
(one or more components) for all the biofuels;

- it is expected that the quality of produced solid by-
products (fly-ash, gypsum) will be influenced
negatively in such a way, that commercial applicability
will be endangered.

Because a general coal component distribution model has been used in the calculations, the
results shown are indicative. To get more detailed insight in these aspects, specific plant data
should be used, concerning both coal and biomass component distributions, and ash quantities
and compositions.

® Clean biofuels are defined as “vegetable matter from agriculture or from woods that can be used as fuel for energy
purposes; as well as waste streams from the food industry, clean wood from the wood industry, and cork. Starting-
point is that they are not part of the directives for waste combustion [89/369/EEC, 89/429/EEC, 94/67/EC]. Clean
biofuels concerned are: clean (waste) wood, Miscanthus, straw from grains, cacao bean shells, olive stones.

19 contaminated biofuels concerned: demolition wood, verge grass, chicken manure, pig manure, sewage sludge
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From these preliminary results it can be seen that contaminated biofuels can be cofired in coal-
fired power plants only in two ways, viz.: 1) by mixing them with clean biofuels and/or 2) by
advanced pre-treatment (gasification/combustion (pyrolysis) with extensive (fuel) gas clean-up).

In case of cofiring of biomass in natural gas fired combined-cycles, by separate gasification, an
advanced fuel gas clean-up system will be necessary, to clean the biomass-derived fuel gas to
meet gas turbine specifications, and the coal/biomass mixed flue gas to meet the applicable air
emission constraints. Further, the biomass-derived gasifier bottom ash and fly-ash must be of
such a quality that it can be commercially sold, instead of that it has to be landfilled.

Financial-economic cofiring constraints

A financial-economic evaluation has been performed for both cofiring (10 and 40% on energy
base) of biomass in coal-fired power plants (combustion and gasification plants) and cofiring (5,
10 and 20% on energy base) of biomass in a natural gas fired combined-cycle. Because in all
cases the biomass is finally converted in already existing plants, only the additional investment
costs necessary for cofiring were taken in to account. The results of the steady-state integral
system calculations (net electrical conversion efficiencies biofuel, specific additional investment
costs, see results steady-state system calculations in the tables on page 10), together with
concept specific O&M-costs, were used as input data for this evaluation.

The connection between two variables has been investigated, viz.: the biomass cost [Euro/GJg]
in relation to the additional power price [Euroct/kWhe], necessary to obtain a financial
efficiency of 15% on private capital after taxes (the regulating energy tax (REB), 1.75
Euroct/kWh, in 2000 and 3.85 Euroct/kWh, in 2001, is considered to be part of the additional
power price).

Additional input data financial evaluation

Subsidy on additional investment (EIA + VAMIL) 14 + 11 = 25%
Other capital 80%
Green interest on loans 5.5%
Currency inflation O&M-costs 2.25%
Lifespan project 10 year
Partnership tax 35%
Coal price 1.63 Euro/Gl,
Natural gas price 2.18 Euro/Glsy

The results of the financial-economic evaluation, for cofiring of 10 and 40% biomass (energy
base), in the base-case coal-fired combustion plant for power production, are shown in the
figures on the next two pages.

In the first figure can be seen that, for the 10% cofiring case, at the current power price
(additional power price = 0), the price of the biomass varies between —-1.9 and + 1.5 Euro/GJ,
to gain the desired financial efficiency on the necessary additional investment. In the second
figure can be seen that, for the 40% cofiring case, at the current power price (additional power
price = 0), the price of the biomass varies between —1.9 and + 1.6 Euro/GJy, to gain the desired
financial efficiency on the necessary additional investment. In 2001, when the REB-tax is
increased from 1,75 to 3,85 Euroct/kWh,, the power production companies can pay an even
higher price for the biofuels

A negative biomass price indicates that the power production company has to charge a gate fee

for the conversion of the biofuel; a positive biomass price indicates that the production company
can pay a price for the biofuel.
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40% Cofiring of Biomass in
Coal-fired Combustion Plant
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For cofiring of 10% biomass in the base-case coal-fired IGCC plant, at the current power price
(additional power price = 0), the price of the biomass varies between —-2.7 and + 1.5 Euro/GJ,
to gain the desired financial efficiency on the necessary additional investment. For cofiring of
40% biomass in the base-case coal-fired IGCC plant, at the current power price (additional
power price = 0), the price of the biomass varies between —-1.9 and + 1.6 Euro/GJy, to gain the
desired financial efficiency on the necessary additional investment.

The results of the financial-economic evaluation, for cofiring of 5, 10 and 20% biomass (energy
base), in the base-case natural gas fired combined-cycle, are shown in the figure below.

Cofiring in a natural gas fired CC

Biomass
price
[Euro/GJ,] 8

Additional power price —— 5%
[Euroct/kWh] A—10%
—&—20%

5. TOTAL COFIRING POTENTIAL VERSUS BIOMASS
CONTRACTABILITY

The total installed coal-fired power production capacity in the Netherlands amounts about 4170
MW.. The total coal consumption amounts 225 PJy/year (6000 hours/year), and the total coal-
derived CO,-emissions 21.2 Mt/year (specific CO,-emission coal: 94 kg/GJ,). To meet the 2020
goal of the Dutch Renewable Energy Policy, 20 PJ, of the fossil consumption (= about 10% of
the total coal consumption on an energetic base) should be substituted by biomass by means of
cofiring in fossil fuel fired power plants. To meet the CO,-reduction goal (Kyoto Protocol), as
defined in the concept agreement between the power production sector and the Dutch
government, 6 Mt CO,-emission reduction in 2010 (50% by cofiring in coal plants), about 20%
biomass cofiring should be applied in the coal-fired power plants. 40% cofiring would result in
such an amount of CO,-emission reduction, that other activities (efficiency improvement,
switching to natural gas) are not necessary to meet the emission reduction goal as mentioned in
the concept agreement.

To substitute 10 to 40% coal by means of cofiring, about 20 to 80 PJ,/year biomass will be
needed at least. The current biomass availability in the Netherlands amounts more than 100 PJy,
and is expected to increase to about 200 PJy, (biomass and waste) in 2020. There seems to be
enough biomass to answer to the current and future cofiring needs; however, it is still unclear
which part of the biomass materials is really contractable for energy purposes, and which price
has to be paid. Therefore, it is expected that the total future biomass need for energy purposes,
will be provided by the use of organic waste streams, growing of energy crops, and import of
biomass from the EU and the rest of the world.
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6. CONCLUSIONS

18

Cofiring of biomass in coal-fired power plants, and natural gas fired combined-cycles, is a
very promising technology for the short term large scale introduction of biomass into the
Dutch power production sector, both from an environmental and financial-economic point
of view.

In the Netherlands there is enough biomass, to comply with the current and future cofiring
need. To cover the total future biomass need, the use of organic waste streams should be
filled up with growing of energy crops (present costs: about 90 Euro/ton dry basis), and
import of biomass. The real contractability of biomass for energy purposes, and the price of
these materials, is still unsure, and needs further attention.

For cofiring of clean biofuels, direct cofiring is the preferable concept (high electric
conversion efficiency and low additional investment costs). Clean biofuels that cannot be
cofired directly, because of incompatibility with installed coal technology, should be cofired
indirectly (separate milling and drying), or be separately gasified using the Foster Wheeler
technology.

For cofiring of contaminated biofuels, two concepts can be used: 1) separate combustion
with steam-side integration (disadvantage: total cofiring capacity is unclear for the time
being), and 2) separate gasification with additional fuel gas clean-up technology (Lurgi
technology). Another possibility is mixing of a small part of the fuel with a clean biofuel,
followed by direct cofiring.

Cofiring by HTU or slow/fast pyrolysis is only preferable in case the other concepts cannot
be used. Examples: HTU for very wet biofuels (pig manure), and pyrolysis for specific
waste streams.

Cofiring of biomass in natural gas fired combined-cycles can be realised by: 1) separate
gasification with an extensive fuel gas clean-up system, to meet the gas turbine hardware
constraints, and the air emission constraints, and 2) separate combustion with steam-side
integration (probably less interesting than in case of a coal fired power plant). The practical
cofiring potential in the 13 largest combined-cycles in the Netherlands amounts 400 MW,
gasifier capacity (at 10% cofiring on energy base). The practical cofiring potential in Dutch
natural gas fired boilers amounts about 760 MW, [HoSt].

Cofiring of clean biofuels in coal-fired power plants is not expected to cause any problems
concerning the air emission regulations of the EU, and the quality of produced solid by-
products. Cofiring of contaminated biofuels, however, are expected to cause problems both
within the framework of air emission control and the commercial applicability of solid by-
products.

The most important technical constraints, concerning biomass cofiring in coal-fired power
plants, are: potential high-temperature corrosion of boiler walls and steam superheaters, and
potential slagging and fouling problems. Also emissions of fine dust particles and heavy
metals may be problematic in certain cases. These problems have to be assessed
experimentally for a variety of biomass materials. By separate pre-treatment of the biomass
(gasification/combustion), or the formulation of specific fuel mixtures, most of the technical
constraints are expected to be solvable.

The most important technical constraints, concerning biomass cofiring in natural gas fired
combined-cycles, by upstream gasification, are: the danger of flame repercussion in dry
low-NO, combustion chambers, and the applicability of a high-temperature dry fuel gas
clean-up system in case a pressurised gasifier (Carbona technology) is used. Both
constraints should be investigated further, to prevent future disappointments.
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7. COFIRING ACTIVITIES AT ECN

COMPANY PROFILE

Company name: Netherlands Energy Research Foundation ECN / Biomass Department
Contact persons: Prof.dr. H.J. Veringa

Dr.ing. J. Prij

Dr.ir. J.H.P. Kiel

Drs.ing. R. van Ree rea
E-mail: veringa@ecn.nl; prij@ecn.nl; kiel@ecn.nl; vanree@ecn.nl
Adress: P.O.Box 1

1755 ZG Petten, The Netherlands
Tel.: +31-224-564729
Fax: +31-224-563489
Business activity: energy research
Tools: knowledge, experimental facilities, energy related products
Major customers: industry, government

Cofiring activities:
e System Assessments:
- steady-state integral thermodynamic system analysis:

-> overall mass and energy balances

-> net electrical system efficiencies [YoLHV]
- technical system assessments:

-> system bottle-necks -> “de-bottle-necking”
- environmental system assessments (including LCAS):

-> gaseous, liquid, solid system emissions

-> applicable air/water emission constraints

-> commercial applicability of solid waste streams (ashes, gypsum)
- financial-economic system assessments:

-> specific investment costs [Euro/kWe]

-> investment decision criteria (POT, NPV, ROI)

-> costs of avoided CO,-emissions [Euro/ton CO;]

-> biomass fuel costs versus power production costs, incl. subsidies,

fiscal regulations
«  Experimental work:
- thermal conversion (gasification, pyrolysis, combustion) of biomass and waste streams:
-> fuel gas, syngas, flue gas compositions and contaminants
-> slagging and fouling behaviour
- fuel gas/syngas clean-up/conditioning technologies for application in downstream
equipment:
-> particles, tars, HCI, H,S, NHz, alkali metals, H,/CO-ratio
- bottom-ash and fly-ash characterisation:
-> the influence of biomass-derived contaminants on the quality of these
ash fractions and on their commercial applicability
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