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@ Background

Biomass is one of the main renewable energy sources that can assist e-a- .
in delivering the ambitious renewable energy targets of European and Local biomass operations ﬁ‘_} Port 3 Port _}Unlnading
other countries. One of the challenges in increasing biomass use is the (harvest, processing) (Pks) |Indonesia UK ship

complexity and cost of the logistics and the supply chain design and
management, especially when long-distance international biomass
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transportation is required. In the UK, indigenous biomass resources |
are limited and biomass imports are continuously increasing. - |
. : : : Electricity _ _ .
Torrefaction of biomass has received a lot of attention lately due to R — Size reduction : ) Power plant site -
: ot - - distribution €| Co-firing |< _ [ Torrefaction Drying <—
the potential logistical advantages on long-distance biomass supply, _ : (coal mills) Raw PKS storage
such as increased transportation efficiency, hydrophobicity and (grid) |
improved behavior .durlng storage: Traditionally, _to_rrefactlon is | Torrefaction process
performed upstream in the supply chain, before the shipping stage. I
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Scope of model
Investment, Technical & Environmental Analysis (200 MW.,)
Net Present Value (Mf£) ] Expenditure breakdown % of total (PV)
120 10977 Scenario 1 Scenario 2 Scenario 3
100 : Expense type 10% co-firing 50% co-firing  100% biomass
® Aim 152%  10% 8.%
80 Storage space for raw biomass
The aim of this work is to assess the feasibility of downstream biomass 'g 60 1.3% 0.3% 0.2%
torrefaction (at the co-firing plant) for long-distance international > G28% Sl Sl
20 (shipping) 18.9% 20.6% 20.9%
Several co-firing rates are examined, to identify the effect of potential . 844 0.31 2.1% 2.3% 2.4%
economies of scale in the long-distance supply chain, the required = 1.9% 2.1% 2.1%
investment and resulting system performance change at the co-firing -20 Reduction in electricity output 12.2% 14.7% 16.5%
unit (c_Ie-ratlng). A whole _system approach_|§ taken{ meaning that both 10% 50% 100% 5 5 s o
the biomass supply chain and the co-firing unit performance are Co-firing scenario oem 5 6% 1.7% 1.4%
considered to have a better understanding of the potential benefits or
drawbacks at the whole system level. The analysis includes techno-
economical and environmental performance aspects and focuses on a Revenue breakdown ] Co-firing plant technical calculations
case study application of a UK co-firing station procuring Palm Kernel 100% Baseline: Scenariol  Scenario2  Scenario 3
Shell (PKS) biomass from South Asia (Indonesia)_ Cofiring Scenario Coal 10% co-firing 50% co-firing 100% biomass
o 30% +— — — — Coal feed rate (t/h) 79.24 71.32 39.60 0.00
] § Biomass torrefied feed
& Upstream vs downstream torrefaction 2 o60% RN e rate (t/h) 0 8.26 4133 82.66
_ g 602194 542002 300960 0
Advantages of upstream torrefaction b 40% - Conl reduct Annual Biomass raw
M Coal reduction
> Efficient shipping & other transportation due to increased material R 0% - savings used (t/a) 0 84816 424627 849254
and energy density of torrefied biomass when pelleted (black pellets) Al GRS s
. . . . . 0% - Plant (%) 38.74% 38.18% 35.64% 31.85%
» Reduction of material degradation during storage/transportation 10% S0%  100%
> Feedstock properties very similar to coal (minimal changes to co- Co-firing scenario (GWh/a) 1510 1488 1389 1241
firing plant boiler & auxiliary equipment)
Disadvantages of upstream torrefaction Logistics-related CO2 emissions Logistics CO2 emissions compared to CO2
: : _ PR savings
>. Energy intensive process usuaIIY.consqmes S|gn|f!cant part of thg 70 o Local o
biomass feedstock or requires additional input of high value/ fossil 60 - B trensportation* '
energy sources w 5o | N 5 6.8%
> Requires pelleting of torrefied feedstock and then grinding of pellet s nloading & £
equires pelleting of torrefied feedstock and then grinding of pellets S 40 - handling * E .
at the end-use location (additional processing adds cost and energy =30 4 S
Consumption) %20 | m Biomass shipping g 6.6%
X 2
oo
Advantages of downstream torrefaction 10 - S &%
. . . . . mL [ ti
> Pelleting and grinding stages are avoided (less investment cost, 0 - R 6.4% -
energy input, supply chain complexity) 1% 2% 100% (Fresh Fruit Banch 10% >0% 100%
gy p ! ppy . p Co-firing scenario and PKS transport) Co-firing scenario
» Waste energy from co-firing plant can be used to perform
torrefaction (more feedstock ultimately available for energy
conversion; reduced overall system CO2 emissions)
»Feedstock properties very similar to coal (minimal changes to co- Sensitivity Analysis
firing plant boiler & auxiliary equipment)
) ] 10% co-firing scenario CAPEX/OPEX parameters 50% co-firing scenario CAPEX/OPEX parameters 100% co-firing scenario CAPEX/OPEX parameters
Disadvantages of downstream torrefaction R —— 50 250
. . . . . . - LY - - oal price
> Reduced efficiency of international transportation stage (shipping) SN / - Coslprie NN J ol . g
-4 ——-ROCs market value ~l-ROCs market value = s market value
> Not suitable for all feedstock types — need to be relatively low Y N\ / - iomass purchasing 20 \\ // 4 Biomass purchasing price \ //’ - Blomass purchasing
mOiSture & high denSity ’g 8 *:_____&\WL +(F;:|:C)?talcost Reference g 10 N —=—Capital cost Reference glso w +23Pit3|505t Reference
] ] g-m ——Discount rate 'é’ 0 Lower Value a — e —=Discount rate Emo —+#—Discount rate
. Maln CO”CIUSIO”S . / \Q —e—Electricity price -10 /}[.\WI —0— Electricity price / \S =&—Electricity price
Personnel cost -20 Personnel cost
» Only 100% biomass is profitable for the UK case; 50% co-firing is // \\ 20 // \\ » 7 S
marginally profitable ‘16 0 0
. . . . - -18 -50 Lower Value Baseline Upper Value
» Biomass purchasing cost is the most significant cost factor
» High biomass co-firing ratios lead to increased power plant de-rating
. . . . . . . % co-firing scenario - Su stem Parameters 50% co-firing scenario - Supply System Parameters 100% co-firing scenario - Supply System Parameters
> De-rating is the main source of increased emissions in the feedstock [ e SUPPIY System Paramet N ) et t y e t
Supply Chain . Lower Value Baseline Upper Value 5 .\ Lo \
» Higher ROC payments for higher co-firing ratios outweigh by far the ) B—— . N // o -ﬁé_ oo
Iower System_wide ef-ﬁciency \ - ond transport cot 5 -~ —-Road transport cost aloo / \ —-Road transport cost
. .y ay . [ u il price £ il price
> Profitability very sensitive to coal, feedstock and ROCs prices : ~. o e (501 = LW‘V%W' ot :” : ot
. . gy n z 8 z - == Biomass densi 60 == Biomass densi
> Sea transport and biomass density the most critical supply system- ’7%- ——tiomass density / AN ety e
related factors . / N i
» No single factor change by 25% can render the 100% biomass x 0 o
Scenario unpro-ﬁtable -14 -25 Lower Value Baseline Upper Value
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