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[—

Energy crops
: : New
Residual biomass — $ New Biorefinery > Products
Wastes
a) Completely new facilities
l Mass and energy exchange 1
Residual
Conventional |:> Existing biomass New Conventional
feedstock Agroindustri Technologies ) venti
groindustries |:> g broducts
- New products
Administrative burden
New Biorefinery

b) Revamping of existing facilities.
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World Class. Face to Face.

* A major scientific issue is how to generate and select the
best biorefinery option among those that can be

implemented for a given situation.

* The selection requires a deep understanding of the
potential technologies, a thorough analysis of the impact
of the alternatives on sustainability, societal and economic

indicators.

» Different methodologies have been published for selecting

biorefinery options.
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o Clss. et e General Objective

To propose a new methodology for the evaluation
of paths to convert of an existing industry into a
biorefinery and the implementation of this
methodology for the conversion of a Colombian

palm oil mill.
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R palm oil mills (POMs)

 QOil palm agroindustry has been recognized as one of the
agricultural businesses where biorefinery concepts can be
implemented*™.

 Crude palm oil (CPO), the main product of this agribusiness,
is the most consumed vegetable oil in the world.**

* The biomass generated by this agro-industry is almost twice
the CPO produced, is produced permanently during 25 year,

and is located in a single point (POM).

* B. Vijayendran, Bio products from biorefineries - trends, challenges and opportunities, J. Bus. Chem. 7
(2010) 109-115.

**Fedepalma, Statistical Yearbook 2014-The Oil Palm Agroindustry in Colombia and the World 2009 - 5
2013, Javegraf, Bogota. D.C.- Colombia, 2014.
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Word Clas Face to Face Biomass generated at the
plantations
Components of an oil palm Main components of the fresh fruit

bunch (a) and the fruit (b)

Fresh fruit
bunch

» Leaf

FFB

Fruit

Endocarp
» Trunk

Kernel
Mesocarp

» Roots and Ground cover
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World Class. Face to Face.

FFBs

Recovered oil

Oil palm extraction process
FFBs
—> Reception Sterilization
Steam Cooked FFB

Fibrous material

Threshing —> EFB

Water

Cooked fruit

@%cenipalma

[

Desanding

Centrifugation

POME

Steam ., Digestion
Brute oil ] Press cake
< Pressing
v
Screening Nut/fiber separation > Fiber
N )
Nut drying
Clarification
N
. Nut cracking
Purification
Dry separation 1
Drying
\ —> Shell
Dry separation 2
CPO
Kernel<—{ Kernel drying
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Requirements
specifications

General Selection @%cempam
Methodology

Data acqu1s1t10n for Review of blomass uses /
can be applied at POMs/

base-line scenarios

Tech. models &
Baseline scenarios (BS)

Technical models
of new technologies

Yes

echnology
readiness = 6

/ Development of biorefinery concepts (BC) /

No :
technically

Technology is
not considered

No

y .
The BC 1s not feasible? A
considered
LCA model Economic model Social aspects
\
Results generation
and decision matrix

Best biorefinery

expectations
meet?

Yes

concepts!!!
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-
6cenipalma

Excel Program

TECHNICAL, ENVIRONMENTAL & SOCIO-ECONOMIC MODEL
FOR BICREFINERIES EVALUATION

B e Rl e :
OIL PALM PLANTATION :
|
FFB i
QUTPUTS
23 PALM OIL MILL (POM) -Products (CPO, PK)
INPUTS g H -Byproducts (pellets,
| | 1 | ¢ KWh, Bio-oil, biochar,
-LuC EFB F[iEFe SHELL PC&:«tE compost efc.) BESH
-Fertilizers ¥ v -CO2-eq DECISION
-Pesticides DATABASE —> p AT Bng;_;lgERY
-Water PRETREATMENT _NER
-Fuels & Power i NPV
_Others Heal & o | _Payback
Elect:nuty Biomass treated POME treated -_I?F(éra incomes
COMBINED HEAT =
&POWER -Others
: BIOGAS RECOVERY &

eesereseins EJRCHFICY weeeeeessssensssssenss covesses B oeee ElCHFiCHY oeees it

T
PELLETIZING Efﬂuents“& Sludge

COMPOSTING

SLOW PYROLYSIS

FAST PYROLYSIS

Input variables = Output variables Functions

2,600 1,450 500

V2: To migrate the Excel version to a web platform.
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Requirements
specifications

Methodology

Data acqu1s1t10n for Review of blomass uses /
base-line scenarios can be applied at POMS/

Tech. models & Base- Technical models | Y¢S echnology
line scenarios (BS) of new technologies readiness = 6
/ Development of biorefinery concepts (BC) / Technology is

not considered

No Y
/ technically -
The BC 1s not feasible? A
considered No

LCA model | | Economic model | | Social aspects

\

/ Results generation

expectations

and decision matrix
meet?

Best biorefinery Yes

concepts!!!

General Selection @%cempama
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AT THE MILL

* POM Capacity: 30t FFB h 1.

* Working time: 5000 hours year .

* The POM is not connected to the electrical grid.

* The electricity is generated by low pressure boiler and steam
turbine.

* Itis required a complementary Diesel fuel to run the POM.
 EFBis disposed in a pit near to the POM

11
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Requirements
specifications

Data acqu131t10n for Review of blomass uses /
can be applied at POMs/

baseline scenarios

Tech. models & Base-
line scenarios (BS)

Technical models
of new technologies

Yes

echnology
readiness = 6

/ Development of biorefinery concepts (BC) /

No :
technically

Technology is
not considered

No

y .
The BC 1s not feasible? A
considered
LCA model Economic model Social aspects
\
Results generation
and decision matrix

Best biorefinery

expectations
meet?

Yes

concepts!!!

General Selection @%‘cempa.ma
Methodology
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Data acquisition for baseline scenarios

- At the field
- Amount of fertilizers
- Fuels at the field
- LUC
- At the POM
- Available biomass
- Operational conditions
- Water requirements
- Biomass characteristics

13
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Requirements
specifications

Methodology

Data acqu1s1t10n for Review of blomass uses /
baseline scenarios can be applied at POMS/

Tech. models & Base- Technical models | Y¢S echnology
line scenarios (BS) of new technologies readiness = 6
/ Development of biorefinery concepts (BC) / Technology is

not considered

No Y
/ technically -
The BC 1s not feasible? A
considered No

LCA model | | Economic model | | Social aspects

\

/ Results generation

expectations

and decision matrix
meet?

Best biorefinery Yes

concepts!!!

General Selection @%cempmma
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Baseline at the POM

INPUT PROCESS

OUTPUT

CPO (kg) 2060
emel (kg) 42,0

10000  FFB (kg) —>
7000 Water (kg) — PALM OIL MILL b EFB 2150
Fiber (kg)  35.6
‘ 22,0 Shell (kg)  13.9
894 46.1 Electicity (kWh) 880.0 losses & Impur. (kg) 6.0
Fiber (kg)  Shell (kg) Steam (kg) POME (kg) Evap. water (kg) 667.0
500.0 \! Ashes (kg) 57

- Low pressure
2000 Watr (kg) —> poer Wastewater treatment — > Bvp.-hitlkg) 3615

- Steam Turbine Electicty (kWh) 306 — STrealed POME (kg) 4923
— > Sludge (kg) 262

Electic Electricity (kWh) 9.9 Electricity (kWh)  14.1
1.0 Digsel (ky) —> Generator

15
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Requirements
specifications

Data acqulsltlon for Review of blomass uses /
can be applied at POMs/

baseline scenarios

Tech. models & Base-
line scenarios (BS)

Technical models
of new technologies

/ Development of biorefinery concepts (BC) /

No :
technically

Yes

Technology is
not considered

No

y .
The BC 1s not feasible? A
considered
LCA model Economic model Social aspects
\
Results generation
and decision matrix

Best biorefinery

expectations
meet?

Yes

concepts!!!

General Selection @%cempama
Methodology
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World Class. Face o Face description (Source Overend 2014)

TRL Description

TRL 1. Basic principles observed

TRL 2. CONCEPT: technology concept formulated

TRL 3. CONCEPT: experimental proof of concept

TRL 4. VALIDATION: in laboratory

TRL 5. VALIDATION: in industrial environment

TRL 6. DEMONSTRATION: in industrial environment

TRL 7. DEMONSTRATION: prototype in operational context
TRL 8. SYSTEM: complete and qualified

TRL9. SYSTEM: proven and economically competitive

17



W%ISNGIT\/%%%@TE TRL for the new products according with @%cenipalma
World Class. Face o Face. the previous literature review.
Products from “new” technologies TRL |Products from “new” technologies TRL
Phenol from POME TRL 3 |Bio-composites TRL5
Chemical via catalytic technologies TRL 3 |Biochar from slow pyrolysis TRL 6
Enzymes production TRL 3 |Bio-oil from fast pyrolysis TRL6
Cellulosic Ethanol TRL 4 | Activated carbon TRL 8
Bio-coal from torrefaction TRL 4 | Pellets and briquettes TRL 8
Food for ruminants TRL4 |Compost TRL9
Cellulose pulp and paper TRL 4 |Biogas production and use TRL9
Hydrogen and synthesis gases TRL 4 |Electricity generation (CHP) TRL9
Bio-plastics TRL 4 |Pretreatment TRL9

18
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Requirements
specifications

Methodology

Data acqu1s1t10n for Review of blomass uses /
baseline scenarios can be applied at POMS/

Tech. models & Base- Technical models | Y¢S echnology
line scenarios (BS) of new technologies readiness = 6
/ Development of biorefinery concepts (BC) / Technology is

not considered

No Y
/ technically -
The BC 1s not feasible? A
considered No

LCA model | | Economic model | | Social aspects

\

/ Results generation

expectations

and decision matrix
meet?

Best biorefinery Yes

concepts!!!

General Selection @%cempama

19
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World Class. Face to Face.

C1: Biogas ) Production of biogas from the anaerobic treatment of the POME
and its utilization for electricity generation.

C2: Compost) Composting of empty fruit bunches (EFB), fiber with POME and
electricity generation from biogas.

C3: CHP) CHP unit for the utilization of 100% of the biomass to produce
electric energy surplus in addition to electricity from the biogas.

C4: Pellets) Pellets production, including biomass drying and biogas uses.
C5: Biochar) Biochar production and biogas use.

C6: Bio-oil) Bio-oil and biochar production plus biogas and syngas burning.

20



Concept 1. Biogas production

INPUT PROCESS OUTPUT
CPO (kg) 205.0
1000.0 FFB ———> Kernel (kg) 42.0
7000 Water (kg —> PALM OIL MILL ‘ EFB (kg) 2150
Fiber (kg) 423
22,0 880.0 [POME (kg) Shell (kg) 17.7
82.2 42.3 Electricity (kWh) Covered losses & Impur. (kg) 6.0
Fiber (kg)  Shell (kg)  Steam (kg) 283 | anaerobic Evap. water (kg) 667.0
500.0 Biogas (m% | lagoons & gas Ashes (kg) 5.2
; > recovery
500.0 Water (kg) ——>| - Low pressure Elec. (kWh) Dig PC;ME(kg) Sludge (kg) 124
boiler 6.1 " Jsorb
- Steam Turbine Electricity (kWh) 30.6 Electricity (kWh) 60.6
N
52.7
; Elec. (kWh) Faculsive > Evap. - Infilt(kg) 361.5
10 Diesel (kg —> g'gﬁg:‘;br Electicity (kWh)_ 55 lagoons Sludge (kg) 138
L > Treated POME (kg) 492.3
Generator

21



Concept 2. Compost and Biogas

INPUT PROCESS OUTPUT
CPO (kg) 2050
10000  FFB (kg) —— Kernel (kg) 42,0
7000 Water (kg) ——> PALM OIL MILL ) EFB (kg) 0.0
Fiber (kg) 0.0
‘ 22,0 8800 W POME (kg) Shell (kg) 177
82.2 423 Electricity (KWh) Covered losses & Impur. (kg) 54.5
Fiber (kg) Shell (kg) 283 [—— anaerobic Evap. water (kg)  667.0
\I{ Steam (kg) Biogas (m3) g‘ag:?gzoig?y Ashes (kg) 29
500.0 i
500.0  Water (kg) ——> - Low pressure Elec. (k'Wh) 384.0
boiler 30.6 6.1 Dig. POME (kg)
- oles Ll Electricly (kWh) Electricity (kWh)  60.6
52.7 N
55 Elec. (kWh)
14 Diesel (kg) 10 Electic Electicity (kWh) Facutaive [~ Treated POME (kg) 17322
— Generator lagoons
_— Evap. - Infilt(kg) 210.9
Generator
Elec. (kWh) Dig. POME (kg)
0.1 496.0
Diesel Ash(kg) 24
04
215.0 Fiber (kg) 42.8
Composting Compost, (35% Moisture)  207.3
i EFB (kg) 1075
P water (kg) 4980

22



Concept 3. Cogeneration and Biogas

INPUT PROCESS OUTPUTUT
CPO (kg) 205.0
10000  FFB (kg) ——> Kernel (kg) 420
7000 Water (kg) ——> PALM OIL MILLT — EFB (kg) 0.0
Fiber (kg) 0.0
EFB, Fiber and shell (kg) 220 880.0 POME (kg) Shell (kg) 0.0
L Elect (kwlil)eCt o 283 — Covered Ioss;s - Imp;r' (tg) 6638
Pretreatment 55T Biogas (m?) Iaagg?)i?tzcnd vap. water (kg)
Dry biolmass (kg) Steam (kg) Elec. (kWh) """""" A —  Sludge (kg) 124
2552 500.0 6.1
252.7 Condenser |.252.7 Electricity (kWh) 124.5
—— > Evap. - Infit(kg) 361.5
5000  Water (kg) - High pressure 752.7 527 Fg;zgi;’e Sludge (kg) 138
E)%IE[I_ — Electricity (kWh) 120.0 Elec. (kWh) — >~ Treated POME (kg) 492.3
Ashes (kg)  16.8
Electric
10 Diesel (kg ——>]| Generabr Electricity (kWh) 5.5 Generator

23



Concept 4. Pellets and Biogas

INPUT PROCESS OUTPUT
CPO (kg) 205.0
10000  FFB(kg) — Kernel (kg) 420
000 Water (kg) — PALM OIL MILL 2 EFB (kg) 0.0
Fiber (kg) 0.0
423| 220 880.0 |, POME (kg) Shell (kg) 0.0
82.2 Shell Electicity (kWh) Covered losses & Impur. (kg) 6.0
Fiber 500.0 281 —— anaerobic Evap. water (kg)  667.0
Steam (kg) Biogas (m*) | |agoons and Ashes (kg) 5.2
Elec. (kWh) gasrecovery | e (kg
5000  Water (kg —>{ - Low pressure 6.1 ge K@) 124
boiler 30.6

- Steam Turbine Electricity (kWh) % Electricity (kWh) 225
| 527'} S Evap.-Infit(kg) 3615
: 5.5 Elec. (kWh) Facutaive | 5 Siudge (kg) 138
: Diesel (kg) ————> Generafor i —> Treated POME (kg) :

i Generabor |~ >

TR A Y AR S s >

""""" > 5065
. 193 ¢ Elec. (kWh) : 905,
Fiber 428 Thermal ener.
Shel  17.77|  Pretreatment _ Maisture +oil (kg) ~ 142.2
EFB 2160 drying Dust (kg) 84
Dry biomass (kg) 124.8
A4

Pellets plant Pellets (kg)  124.8

24



Concept 5. Biochar and Biogas

INPUT PROCESS OUTPUT
CPO (kg) 205.0
10000  FFB(kg) ——>i Kernel (kg) 420
7000  Water (kg) — PALM OIL MILL — EFB (kg) 0.0
Fiber (kg) 0.0
0.0 T 20 880.0 \, POME (kg) Shell (kg 0.0
I I . (ki
Shell 5000 Electiciy (kWh) Covered osses & lmpur. (kg) 6.0
117.0 Steam (kg) 281 anaerobic Evap. water (kg) 667.0
Fiber (kg) Biogas (m®) _| lagoons and Ashes (kg) 49
¥ 6.1 | gas recovery 124
6549  Water (kg) - Low pressure St254-9 ) Elec. (kWh) Sludge (kg)
i am
? %Itzram Turbine ici 9 Steam (ko) 149
Electiciy (kWh) Electricity (kWh) 364
i 24.8 52.7 BN Evap. - Infit(kg) 361.5
i - Elec. (kWh) Flacullar:ive N Sludge (kg) 138
10 Diesel (kg) Electic | | Electriciy (kWh) 00N ——> Treald POME (kg) 4923
Generator | 55
I N P T T >.
: Ther. ener. (MJ) Generator :
! (Boiler Gases) i
L o >I
13.9 Elec. 449 : 377.5
70.3 Fiber (kg) 8.0 % Ther. ener. (MJ)
Gas & Tar Shell (kg) 60.0 B, Moisture + oil (kg) 134.8
EFB(kg) 2150 Dust (kg) 88
1394
Dry biomass (k
Bio-oil (kg) 646 ! (ka Char (kg) 439
Burner Gas (kg) 309 pyrolysis plant

Ther. ener. (MJ) /2\30 43




Concept 6. Bio-oil, Biochar, and Biogas

INPUT PROCESS OUTPUT
CPO (kg) 205.0
1000.0 FFB (kg) ——> Kernel (kg) 420
700.0 Water (kg) ———> PALM OIL MILL - EFB (kg) 0.0
Fiber (kg) 0.0
/i\
9.9 2 880.0 \, POME (kg) Shell (kg) 0.0
Shell (kg) 500.0 | Electicity (kWh) Covered losses & Impur. (kg) 293
1250 Steam (kg) 283 |3— anaerobic Evap. water (kg) 667.0
Fiber (kg) Biogas (m°) | lagoons and Ashes 57
v/ : gas recovery 124
Elec. (kWh) Sludge (kg)
500.0 Water (kg) —>] - Low pressure Steam 500.0 6.1
boiler Steam (kg) 0
Pl A I Electricity (kWh)  37.4
i Electricity (kWh) 30.6 52.7 S Evap. - Infit(kg) 361.5
: Elec. (kWh) Facutafve | Sludge (kg) 138
1.0 . Electric ! Electricity (kWh) 550 lagoons S Treated POME (k 492.3
Diesel (k) | Ganerator i (kg)
Ther. ener. Generator
49 | 229 (m3)
184  Elec. (kWh) ' Gas fux for
Fiber (kg) 0.0 3442 i fuidization
Shell (kg) 50.1 Pretreatment D ' Moaisture + oil (kg) 132.3
EFB (ka) 2150 drying Dust (kg) 79
Burner
: Dry biomass (kg) 124.9
! Gas (kg)  29.0 Biochar (kg) 9.4
Biocher (ko) | {7 30 Thereer (MJ)) RS B2 Bio-oil (kg) 3.2
20.6 Gas flux for
fuidization 26
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World Class. Face to Face. S u m m a ry p ro d u Cts
300 -
@ Biooil B Biochar
250
M Pellets W Compost
[
&= 200 m Shell W Fiber
N
g 150 O EFB
2
S 207
'g 100 125
a
63
50 44
: LA :

Baseline Biogas Compost CHP  Pellets Biochar Bio-oil

Biorefinery Concepts

27
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140 -

120 -

125
61 61
23
14 I
O ] [ [ [ [ [

Baseline  Biogas Compost CHP  Pellets Biochar Bio-oil

=

B o)) oo -

o o o o
| | | |

Surplus Electricity (kWh/t FFB)

N
o
|

Biorefinery Concepts

28
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Requirements
specifications

Data acqulsltlon for Review of blomass uses /
can be applied at POMs/

baseline scenarios

Tech. models & Base-
line scenarios (BS)

Technical models
of new technologies

Yes

echnology
readiness = 6

/ Development of biorefinery concepts (BC) /

No :
technically

Technology is
not considered

No

y .
The BC 1s not feasible? A
considered
LCA model Economic model Social aspects
\
Results generation
and decision matrix

Best biorefinery

expectations
meet?

Yes

concepts!!!

General Selection @%cempmma
Methodology

29
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Boundary conditions for LCA of POM

@%cenipalma

@ [JNIVERSITY
biorefinery concepts (Cradle to Gate)
Conventional Products
POM Biorefinery  CPO
POM with conventional — * Kernel
POME treatment, and
CHP internal generation
e e Bl 'mmp New products Avoided products
FTB | | Surpl Eloctrioit
. I New New | urplus | ectricity
roduction I | L :
Y and \[Technology | [Technology] : Electricity from grid
: : X |
transpi)rtatloil I Y I Pellets <— Natural gas
L e e e e e e e e e e oo [
Bio-oil <€— Fossil fuels
. | CO, captured,
Biochar N,O reduction
Compost  |e— Fertilizer
production

System boundary

30
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World Class. Face to Face. C a r b O n fo O t p r i n t

700

= 200 -
(N
L
)
~N
0
o -300 -
0o
= 438
o
u -593
O 800 -

-1,300 -

Baseline Biogas Compost CHP Pellets Biochar Bio-oil

M Total CO2 emisions M Total CO2 captured in FFB m Carbon Footprint

Reduction between 30 and 99% compared with the
baseline scenario

31
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World Class. Face to Face.

Eutrophication Potential can be
14 - reduced up to 30% in C2

1.2 -

0.8
0.6

T

0.4
Baseline Biogas Compost Pellets Biochar Bio-oil

EP kg PO,3 eq/ T FFB

0.2

B Dump-EFB/ compost = POME  m Mill M Field
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25 -

NER

20 -
15
10

1l

Baseline  Biogas Compost Pellets Biochar Bio-oil

m NER Biofuels + EE

Is improved up to 26% in C4
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Requirements
specifications

Data acqu1s1t10n for Review of blomass uses /
can be applied at POMs/

baseline scenarios

Tech. models & Base-
line scenarios (BS)

Technical models
of new technologies

Yes

echnology
readiness = 6

/ Development of biorefinery concepts (BC) /

No :
technically

Technology is
not considered

No

y .
The BC 1s not feasible? A
considered
LCA model Economic model Social aspects
\
Results generation
and decision matrix

Best biorefinery

expectations
meet?

Yes

concepts!!!

General Selection @%cempama
Methodology
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CAPEX and OPEX for the
biorefinery concepts
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Production Costs

Biorefinery Concepts

Biogas  Compost CHP Pellets  Biochar Bio-oil
CAPEX (USD t™1 FFB) 0.71 0.87 2.85 1.19 2.45 2.38
OPEX (USD t~! FFB) 1.62 6.77 6.72 3.39 5.69 7.33
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Economic Indicators

Biorefinery Concepts

Biogas Compost  CHP Pellets Biochar Bio-oil
NPV (Thousands USD) 2,503 3,420 -4,819 13,953 -9,344 6,821
IRR (%) 24 27 3 56 20
Payback period (years) 6 5 --- 3 - 8
Extra incomes USD t™ FFB 3.3 4.5 1.9 12.8 -2.1 9.6
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economic feasibility of the biorefinery

conce ptS
Products from the biorefinery concepts
Biorefinery
Concepts Electricity Compost Pellets Biochar Bio-oil
(USD kWh™t)  (USD t1) (USD t1) (USD t1) (USD t™?)
C1 0.062
C2 0.092 19.46
C3 0.121
C4 0.092 40.75
C5 0.092 216.30

C6 0.092 60.00 162.72
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Total labor per shift per each biorefinery concepts

Biogas  Compost CHP Pellets Biochar  Bio-oil

Technicians 0.5 1 0.5 1 1 1

Operators 1 5 4 6 6 7/

Total 1.5 6 4.5 ( 7 )
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Requirements
specifications

Data acqu1s1t10n for Review of blomass uses /
baseline scenarios can be applied at POMs/

Tech. models & Base- Technical models | Y¢S echnology
line scenarios (BS) of new technologies readiness = 6
/ Development of biorefinery concepts (BC) / Technology is

not considered

No Y
/ technically -
The BC 1s not feasible? A
considered No

LCA model | | Economic model | | Social aspects

\

/ Results generation

expectations

and decision matrix
meet?

Best biorefinery Yes

concepts!!! 39
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(Summarized Results)
LCA Economic Assessment Social
Cs CO, eq. EP NER | Extra Inc. NPV P-back | New  Skills
(kg CO, (kg PO,* (MJ | (USDt? (USD)  period | Jobs (#)
t1FFB) eqt'FFB) MJ1?) FFB) (x1000) (years) (#)
Biogas -585.6 1.23 18.5 3.3 2,503 6 1.5 0.5
Compost | -663.7 0.86 17.7 4.5 3,420 5 6.0 1.0
CHP -569.4 0.98 19 1.9 -4,819 4.5 0.5
Pellets -593.3 0.98 22.9 12.8 13,953 3 7.0 1.0
Biochar -872.6 0.98 18.3 -2.1 -9,344 7.0 1.0
Bio-oil -584.4 0.98 21.3 9.6 6,821 8 8.0 1.0
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Social Skilled workers

Results Generation
(Normalization Process)

LCA CO2 emissions

100%

Social New workers

Economic assesment’
Payback period

—Concept 1
—Concept 4

\'/
s <

|/
/ Economic assesment

Extra Incomes

Economic assesment
NPV

—Concept 2
—Concept 5

—Concept 3
—Concept 6

@Fcenipalma
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. Equilibrated Environmental Economic Social

Categories . . : .
Scenario Scenario Scenario Scenario

Main Categories
LCA (A) 33.3 80 10 10
Economic Ass. (B) 33.3 10 80 10
Social (C) 33.3 10 10 80
LCA
GHG emissions (D) 33.3 60 60 60
EP (E) 33.3 20 20 20
NER (F) 33.3 20 20 20
Economic Ass.
Extra Incomes (G) 333 60 60 60
NPV (H) 33.3 20 20 20
Payback Period (l) 33.3 20 20 20
Social
New jobs (J) 50 60 60 60

Skills (K) 50 40 40 40
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Requirements
specifications

Data acqu1s1t10n for Review of blomass uses /
can be applied at POMs/

baseline scenarios

Tech. models & Base-
line scenarios (BS)

Technical models
of new technologies

Yes

echnology
readiness = 6

/ Development of biorefinery concepts (BC) /

No :
technically

Technology is
not considered

No

y .
The BC 1s not feasible? A
considered
LCA model Economic model Social aspects
\
Results generation
and decision matrix

Best biorefinery

ere the
expectations
meet?

Yes

concepts!!!

General Selection @ﬁempama
Methodology
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100% - Equilibrated 100% - Environmental
80% - 80% -
60% - 60% -
40% - 40% -
20% - l 20% - l I
0% . , . . , 1 0% = . . . . ]
Biogas Comp. CHP Pell. Bioc. Bio-oil Biogas Comp. CHP Pell. Bioc. Bio-oil
100% - Economic 100% - Social
80% - 80% -
60% - 60% -
40% - 40% -
20% l . 20% - l
0% . . . . . 7l 0% = . . . . .

Biogas Comp. CHP Pell. Bioc. Bio-oil

Biogas Comp. CHP Pell. Bioc. Bio-oil

@Fcenipalma
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1. The implementation of biorefinery concepts improves the
environmental impacts on Carbon Footprint, Eutrophication

Potential, and the Net Energy Ratio.

2. The methodology helps the stakeholders, the decision-makers
and the policy-makers to choose different biorefinery options,
taking into considerations specific site conditions by weighing

values on environmental, economic and social impacts.
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