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Memo
To Jennifer Bailey
From JBL
Date 30 May 2010
Project Proposed Kildare Biomass CHP Plant
Project no. OP16

Subject: Project Design Specifications and Emissions to Air Projections

Plant Data

The steam boiler plant at the Biomass CHP Plant shall be designed for the following performance
data at 100 % load i.e. nominal load:

o Live Steam teMP ....c.eevueeeiieiieeieeiie e 540 C
®  LiVe STEAIM PIeSS..ccuviruieriiieiierieeniieeieesieeeiee e e 90 bara
o Livesteam floW.......cocceviieiiiniiieieeieeece e 18.6 kg/s
o Feed water temp ......coceeeiieiiiiiieiiecieeee e 230 C
@ Netheat ....oooooiiiiniiie 46.3 MW

During day-to-day operation and presumed solely straw firing at 15% moisture, the fuel consumption
of the steam boiler plant at nominal load is expected to be:

e (alculated boiler efficiency .........cccceeveeveerrienreennnn. 92.6 %

o Fuelheat ..o 50 MW

e Lower heating value, average ...........ccceceevveereveennnn. 14.5 MlJ/kg
e Fuel consumption, average..........cccceeeeveeerveeenveenne. 12.4 t/h

Minor variations in fuel consumption may be found and will mainly be due to variations in fuel
quality and long-term degradation of the plant.

During day to day operation and presumed solely straw firing at 15% moisture, the electricity and
heat outputs are expected for an above-average quality steam turbine, subject to heat balance
calculations for the water/steam cycle, to be as follows:

e Gross power electricity output ..............c.eonvenen. 18.0 MW

e Power for sale (Non CHP Mode) ...................... 16.2 MW

e Power for sale (CHP Mode) ...................cooiiie 13.8MW

e Heat produced (Non CHP Mode) ...................... 27.6 MW

e Heat forsale (CHP Mode) ..............ccooeiiienn.t. 30.3 MW
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Fuel Types

Predominantly straw of the wheat type shall be utilised at the Biomass CHP Plant. However, straw
from linseed rape as well as other straw types may be utilised.

If commercially viable, supplementary firing of clean wood or other bulk type fuels may be made.
Operational experience shows that supplementary firing has a positive effect (less emissions) on the
emissions from the plant, and may consequently be excluded from this analysis.

Flue Gas Data at Stack Outlet

At an excess air ratio at 1.30, the calculated flue gas data at the stack outlet are:

Load 100 % Dim.
o Flue gas floW .....ccoooieiiiiiieiiieiece e 24.1 kg/s
o Flue gas flow.....ccooieriiiiieiiieieeceee e 67,100 Nm’/h
e Flue gas temperature, apProX. ......cccecvveeeeeeveerveennnenns 135 C
@ DEnsSity, Wet.....oooeiiiiiiieeiieie e 1.292 kg/Nm’
o Density, dry..cccoooeeiiieiieeiee e 1.377 kg/Nm’
o Dew POINt, Water ......ccueeeiieiieeieeiieeie e eee e 53.6 C
GOy, WEL et 13.3 %-vol
O N, WL ettt e e 67.2 %-vol
I L O < 14.5 %-vol
I O < 4.2 %-vol
O AT, WL oo 0.8 %-vol
I O T /< 20.2 %-mass
O N, WL ettt eeneeas 64.9 %-mass
LI 5 YO R 9.2 %-mass
I @ < 4.6 %-mass
O AT, WL ..o 1.1 %-mass
O O, dIY e 4.88 %-vol

At reference conditions, 0 °C and 1,013 mbar, flue gas flow is:

3
e Flue gas flow, 6 % oxygen, dry.......ccceeeevevrienveennnne 61,475 Nm’/h
3
e Flue gas flow, 10 % oxygen, dry.......ccccceeevvierreennnnne 83,830 Nm’/h
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Emissions to Air
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Compared to most other fuels types, straw fuel has a high content of alkali metals such as potassium
and sodium, which capture some of the sulphur and chlorine in the ashes from the plant.
Consequently, Danish CHP plants fuelled with biomass such as wood and straw are only provided
with a fabric filter or electrostatic precipitator for removal of particulate matter.

At Danish CHP plants firing normal straw qualities i.e. containing 0.05-0.2 % (dry basis) sulphur and
0.2-0.7 % (dry basis) chlorine, the following emissions have been measured as 1-hour average

values:

e Emission of SO, 10 % oxygen, dry
e Emission of HCL, 10 % oxygen, dry

Converted to 6 % oxygen:

e Emission of SO,, 6 % oxygen, dry
e Emission of HCI, 6 % oxygen, dry

Peak values may be found- especially for HCI.

mg/Nm’
mg/Nm’

mg/Nm’
mg/Nm’

Emission of nitrogen oxide and carbon monoxide is strongly related to the quality of the combustion
process. At Danish CHP plants firing normal straw qualities, the following emissions have been
measured as 1-hour average values:

e Emission of NOy, 10 % oxygen, dry........cccccecueneee 200-300 mg/Nm’

e Emission of CO, 10 % oxygen, dry .........ccccevuvrenenn. 15-175 mg/Nm’

e Emission of dust, 10 % oxygen, dry .........cceeuveneen. <5 mg/Nm’
Converted to 6 % oxygen:

e Emission of NOy, 6 % oxygen, dry........cccceeveennnene 270-410 mg/Nm’

e Emission of CO, 6 % oxygen, dry ........ccccceeevuennnee 20-240 mg/Nm’

e Emission of dust, 6 % oxygen, dry .......cccccevervuennee <7 mg/Nm’
Estimated average monthly mass flows at sustained 100 % load are:
Substance Emission [mg/N m’] | Flue gas flow [Nm’/h] | Hours [h] Amount [kg]
SO, 200 61,475 720 8,852
HCI 150 61,475 720 6,640
NOx 340 61,475 720 15,050
Cco 100 61,475 720 4,426
Dust 2 61,475 720 89
These substances will be emitted to the atmosphere through a high stack.
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Notes:

1) NOx level to be guaranteed by the steam boiler supplier to comply with the EU Directive for
large combustion plants and would be 400mg/Nm” at 6% oxygen, dry.

2) The emission of HCI originates from the content of Cl in the fuel. In Denmark, where the ground
is old sea bottom, the Cl content in the soil is high and consequently in the straw too. This may be
quite different in continental areas. Some of the Cl in the fuel will be transformed into salts by the
content of potassium (Na and K) and end up in the fly ash. The content of potassium in the straw is
also differing by origin. Hence, the capture of CI (and S) in the fly ash is depending on the origin of
the straw. In some reference plants in Denmark, low emissions of HCI have been observed despite the
fact that the Cl content in the fuel is high.

Ash Produced By the Plant

The data below shows the estimates for the production of bottom ash and fly ash at 100 % load and
firing 100 % straw of nominal quality. It is estimated that approx. 75 % of the total ash is transferred
into bottom ash. This may, as well as the anticipated data, vary due to the actual straw quality and
type fired.

Total ash
FUCL EYPC.eiiiiieeeee e Nom. -
Fuel flow at 100 % load, approX .......ccccceeveerneeneeeneenieeneen. 12.4 t/h
Ash content, dry .......cceevieeiiieriiieiieee e 6.6 %
Ash content, wet at 15 % moisture ...........cccceeeeeevivieeeennennn. 5.6 %
Bottom ash
Bottom ash portion...........cccceevieeiiieniieiienieeiece e 75 %
UnNburned .......oooeeeiiiiiieeee e 10 %
Water CONteNt........cooouviiiiiiiiiieeiieece e 50 %
Water consumption, incl. 10 % for evaporation .................. 0.64 t/h
Bottom ash flow, Wet.......ccoovvviiiiiiiiiiiiieieceeeee e 1.22 t/h
DEnSItY, WEL ...eiieiiieeiiie e 1,000 kg/m’
Bottom ash flow, Wet.........oovvviiiiiiieiiiiiieieeeeeeeeeeeeeen 1.22 m’/h
Intermediate storage:
Number of 14/10 (gross/net) m® containers per 24 h........... 2.9 pcs.
or
Number of 37/26 (gross/net) m3 containers per 24 h .......... 1.9 pcs.
Fly ash (excluding by-product from lime injection)
Fly ash portion .........cccoeieeiiieiiieiienieeiece e 25 %
Unburned .......oocoeoiiiiiii e 10 %
Fly ash flow, dry .....ccooeviieiieieeeeeee e 0.19 t/h
By-product from flue gas cleaning (estimated).................... (to follow) t/h
Density, dIy....cccierieeiieieeieee e 200 kg/m’
FLy aSh FlOW, ALY 1o 0.96 m’/h
Intermediate storage:
Number of 2/1.6 (gross/net) m® bigbags per 24 h................ 15 pes.
Page 4
Bio Energy Consultants ApS Phone: (+45) 39 66 75 88 VAT no. DK-29824266
Marienborg Alle 49 Mobile: (+45) 20 35 95 55 www.b-e-consultants.com

DK-2860 Soeborg E-mail: jens.baekkel.larsen@mail.dk Bank: Laan & Spar Bank A/S



Bio Energy Consultants ApS

Recommendations

First of all, it is recommended to select a proven firing technology for the Biomass CHP Plant for
which good combustion quality shall be expected.

It is recommended, initially to provide the steam boiler plant with a fabric filter for removal of
particulate matter i.e. dust.

Should the content of critical substances in the straw and other fuels exceed the expected, it is
recommended to make provisions for a future retrofit of the following additional abatement
technology:

e Provision for a SNCR system and 30-40 % reduction of NOy may be expected.

e Provisions for dry injection of hydrated lime upstream the fabric filter and a reduction of SO,
and HCI of 60-70 % may be expected.

e Provisions for dry injection of activated carbon upstream the fabric filter.

These provisions will not include large initial capital cost, but duly provisions are made for reducing
emission levels and meeting future demands from the authorities.

However, it is recommended to await the operational experience with the Biomass CHP Plant, say for
1-17 year after commissioning to see whether any of the mentioned additional initiatives for flue gas
abatement is necessary. The reason for this suggestion is that by introducing hydrated lime, activated
carbon and ammonia to the flue gas system, the fly ash may be regarded as a hazardous waste
product for which no practical uses are found other than landfill or storage in long-term depots. By
not introducing hydrated lime, activated carbon and ammonia to the flue gas system, the fly ash may
potentially be returned to farmlands as a fertiliser.
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