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Value of Biomass

Revenue generated per tonne of lignocellulosic biomass input (dry weight)
RM

24-78 Existing revenue per tonne today
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Availability of Biomass

Palm oil plantation in Indonesia
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Properties of Biomass

Forest Oil Palm Plantation Biomass Empty Fruit Branch
biomass® @il palm Trunk "¢ Oil Palm Frond ¢ ¢ (EFB) ©f
Proximate analysis (wt% dry basis)
Moisture content n.a 8.34 16.00 4.68
Volatile matter n.a 79.82 83.50 76.85
Fixed carbon n.a 13.31 15.20 5.19
Ash 1.70 6.87 1.30 18.07
Ultimate analysis (wt% dry basis)
C 48.10 40.64 44.58 46.36
H 5.99 5(0° o o
o 45.72 53 High cellulosics content —» Ethanol production |
N n.a 2.15 u./71 2.15 -
S n.a n.a 0.07 0.92
Lignocellulosic content (wt% dry basis)
Cellulose 45.80 45.90 50.33 57.80
Hemicellulose 24.40 25.30 23.18 21.20
Lignin 28.00 18.10 21.7 22.80
HHV (MJ/kg) 15.00 17.27 17.28 20.54




Properties of Biomass

Forest Oil Palm Plantation Biomass Empty Fruit Branch
biomass?  Oil Palm Trunk ¢ Qil Palm Frond ¢ (EFB) &*
Proximate analysis (wt% dry basis)
Moisture content n.a 8.34 16.00 4.68
Volatile matter n.a 79.82 83.50 76.85
Fixed carbon n.a 13.31 15.20 5.19
Ash 1.70 6.87 1.30 18.07
Ultimate analysis (wt% dry basis)
C 48.10 40.64 44.58 46.36
H 5.99 5.09 4.53 6.44
(0] 45.72 E2 19 A QAN 2Q a1
N n.a ' High HHV — Power Production
S n.a !
Lignocellulosic content (wt% dry basis)
Cellulose 45.80 45.90 50.33 57.80
Hemicellulose 24.40 25.30 23.18 21.20
Lignin _ 2800 1810 217 2280 _ ___
!Iﬁv (MJ/kg __ __ 1500 __ 1727 _ __ 1728 2054 _ __



Biomass-to-Resource Potential
Roadmap

Conversion Technology Fuel Products and Energy
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Comparison of Biomass-to-Power
Conversion Technologies

Technical 1 Mature technology ' More recent; vulnerable to
Aspect I explosion

: High commercial availability

I

| Larger capacity
1(300-1,000MW)

|

I High thermal efficiency: 60 -
: 85%

Lower commercial availability

Lower capacity (< 100MW)

Lower thermal efficiency
v'2-stage combustion
v'Need thermal input

Higher CAPEX
vUsSD 1.5 - 1.75 million/
MWe

|
Financial | Lower CAPEX

Aspect I v'USD 1 million/ MWe
I

|

*Direct Combustion is more favourable



Comparison of Direct Combustion
Technologies

Direct Combustion Stoker o .
. Fluidized Bed Combustion
Technology Combustion
A) Operation
Fuel-air mixing efficiency Fair ' High
Maintenance requirement Low ' High (corrosion problem)
B) Fuel/ feed condition I
Applicability to various fuels Fair High
Fuel pre-treatment Generally not necessary Lumps must be crushed
Tolerance to fuel moisture
Fair High (but not desirable)
content
C) Cost I |
Unit Capital Cost
1633 3379
(RM/kg steam) ~
Total Annual O&M, -/ o
(RM/1,000 kg Steam) =~ 7 == === m= = = '

able



Comparison of Biomass-to-Ethanol
Conversion Technologies

Pre-Treatment: Hydrolysis - Fermentation:

Biomass Break down Cellulose to Smaller Fiber Conversion of Biomass to
Sugars to Ethanol

En

zymatic Reaction

Physical Milling, Radiation,
: Electric Pulse,

Pyrolysis e

Acidic Reaction

y st

~

Alkaline hydrolysis,
Acid, Organosoly,
lonic Liquid,
Oxidation

Qil Palm Fron
Qil Palm Trunks

/

Separate Hydrolysis
and Fermentation (SHF)
or

Steam explosion,
- Ammonia Fiber

_— ,.‘é_:&" Explosion,

_"ﬁg ‘ﬁ Supercritical CO2,
me . - Liquid Hot Water,
Microwave,
e Ultrasound

Forest Residue Fungi, Actinomycetes




Case study 1: Biomass-to-Power

Biomass
2000t/d

Eoiler Feed Water [From Dearator
tansihr 431322

(Temp, ol 1001
Cpy hithgoC| 4
(b, hitka 41

[ 1

ilsr]

SUPERHEATED STEAM [From B
tonsthe 4534623
pressure bar 40
auperheated bomp O 3000
g, itkq 2362
(&, Mthr 12446553
Eff boiler 804

Inlet OFF
1 Fa et
Encrq (MU .82
Efficiency 3
Availablz energn Far steam qeneration 12448558 Mithe
QFF enerqu 1605535418 Mie

Blowdown & Ieakaie:

CONDENSATE TANK

- + STEAM CONDENSED
TURBINE POWER: tonsthr 4534621
Turbine. (Temp & ]
Eff of CHP (bl kg 4134
Heat ta Pawer Patio [shauld be &1 ar 10:1) P, bar 103
@ Mthe 133386241 Turbine] (&, Wb 042044
izentropic eff, ;
Pawer generatid [MIHhi] 115385.3044
Eff of power qen 4| Water after Condenzor
| kgthe 2453
| Temp, ol
| bl hihg COOLING WATER
@ Mithe (Temp In o2 300
TOTAL Heat qenersted MU 110465764, Pris, bar i
(Temp Dut o€ 50
Low Pressure SAT STEAM [From Turbine Cp. hiltkg 42
tomsthr 453462 tonsthr 13453
press bat 1013,
(Temp © 100
[ha,itkq 2676
[ CO0L Makep ] CODL Feadwatu
Temp 3.0
[ i
tonsthr 2453
(bl ktkg 655

e Technology
direct combustion with 76% efficiency
e Feedstock
Biomass - calorific value of 15.82MJ/kg and 16% moisture content (dry
basis)

236,520,000 kwh/y
@ 27 MW

3,524,129 ton/y



Case study 1: Biomass-to-Power

Parameters Unit Value Total Value
Process Information
Plant life 30y
Efficiency 76% _
* (Costing
Feedstock 2000 ton/d 730000 ton/y . .
information:
Electricity Production 236,520,000 kwh/y e Mensilin
heat prOduction 3,524,129 ton/y incineration
Costing Information plant

Feedstock cost

Transportation costs 10 $/ton $ 7,300,000 * Financing

. . information
Harvesting and collection cost 10 S/ton S 7,300,000
5 * NREL report

Pre-processing cost 5 S/ton S 3650000
Investment cost of boiler 900 S/kW S 24,300,000
Investment cost turbine 1050 S/kW S 28,350,000
Fixed capital 3000 S/kwW S 81,000,000.00
Variable cost $1,111,644.00
Operation cost 150 S/kW S 4,050,000.00
Electricity price 0.07 S/kWh S 16,556,400.00
Heat price (by-product) 12.65 S/ton S 44,575,375




Case study 1: Biomass-to-Power

Parameters Unit Value Total Value
Financing information
Discount rate 4.1%
Plant depreciation DB 150%
Plant recovery period 20y
Corporate tax rate 25%
Loan - terms loan APR 5.0%
Loan period 10y
Construction period 3y
Start-up time 3 month
Revenues during start-up 50%
Variable costs incurred 75%
during start-up
Fixed costs incurred 100%
during start-up
BNM Government 4.0%

Securities Yield




Case study 1: Biomass-to-Power

Breakeven Electricity Selling Price

Breakeven Electricity Product Cost (USS/kWh)

£ 0.25
g2 —
o =
£ 5 020
Tw
2 -?; 0.15 —B-2000t/d
E éﬂ 1o FiT: US$ 0.10/kWh e 1000t/d
E G 500t/d
= g 0.05

E 70:30 60:40  50:50 40:60  30:70

Equity Financing (%)

- Minimum electricity price: $ 0.19/kWh to $ 0.23/kWh
- Current FIT: $ 0.10/kWh.



Case study 1: Biomass-to-Power

Production cost

Interest rate

Debt:Equity ratio 8% 5% 3%
70:30 0.32 0.22 0.16*
60:40 0.30 0.21 0.16 *
50:50 0.29 0.21 0.17 *
40:60 0.27 0.21 0.17 *

E D
x WACC = o *Re + = *Rd *(1-Tg)

Modigliani and Miller’s with-tax model: As debt becomes even cheaper (due
to the tax relief on interest payments), cost of debt falls significantly from
Rd to Rd(1-Tc).
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Owner

Aarhus University

Abengoa Bicenergy

Berni Pratteln

AEW Energie AG

Agnion Technologies GmbH

AustroCel Hallein
Autogasnord

Azienda agricola Camardo

Azienda Agricola Isca di
Calvello

Azienda Agricola San Vittore

Azienda Tenca dei Fratelli
Zanotti/AB energy

Babcock&Wilcox Volund

Beta Renewables

Beta Renewables (joint
venture of Mossi & Ghisolfi
Chemtex division with TPG)

Bioenergie Schnellingen

BioGasol

Center for Biorefining
Technologies

demo

CHP Pratteln

Pelletvergasser AEW
Rheinfelden

CHP Agnion Biomasse
Heizkraftwerk Pfaffenhofen

biorefinery

Urbas Calvello

Orzinuowi

CHP B&W Harboore

Biochemtex

IBP - Italian Bio Fuel

Bioenergie Schnellingen

BornBioFuel 2

Country

Denmark

Spain

Switzerland

Switzerland

Germany

Austria
Italy

Italy
Italy
Italy
Italy

Denmark

Italy

Italy

Germany

Denmark

Info

Info

Info

Info

Info

Info

Info

Info

Info

Info

Info

Info

Info

Info

Info

Info

ASIA

AFRICA

Indian Dcean AUSTRY

Leaflet | Map data ® OpenStreetMap Tiles @ Esri
'9 operational | 9‘ under construction | % planned | 9 nan operational |9 no status

http://www.etipbioenergy.eu/databases
/production-facilities



Case study 2: Biomass-to-Ethanol
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 Technology: Enzymatic hydrolysis followed by fermentation

e Feedstock

e Biomass with cellulosics content of 70%;
e Conversion to C5 and C6 sugars of 95%;
 Fermentation using high substrate tolerant recombinant yeast

Bioethanol

65,887,070.60
gallon/yr



Case study 2: Biomass-to-Ethanol

Breakeven Ethanol Selling Price

Breakeven Ethanol Product Cost (USS/I)

1

S

- 070

[

-

£_0 -

=P

=) 0.60 -

£ 2 I I I _____F___:?_
iy

£ 0.55 ‘ ‘ ‘ ‘
-

£ o050

E 70:30 60:40 50:50 40:60 30:70

Equity Financing (%)

== 1000t/d, 0.65/] enzyme
== 2000t/d, 0.65/] enzyme

2000t/d, 0.35/1 enzyme
=3é=2000t/d, 1.05/] enzyme

= == market price: USD50.58/1

Ethanol price: $0.64/Ito S 0.62/I
Current market price : S 0.58/I




Case study 2: Biomass-to-Ethanol

Comparison between U.S and local scenario

MREL
0.66
local scenario 2000t/d

0.64 2000t/d
? °

Ethanol cost (USS/I)

1000t/d
ot/

0 0.0002 0.0004 0.0006 0.0008 0.001 0.0012 0.0014 0.0016 0.0018 0.002

Capacity/Capital cost (ton/USS)

e Compared local and US scenario
* Localised scenario has lower ethanol cost



Case study 2: Biomass-to-Ethanol

Production cost

Debt:Equity ratio Interest Rate

8% 5% 3%
95:5 0.77 0.61 0.52
70:30 0.73 0.60 0.53
60:40 0.71 (0.573) 0.60 0.53
50:50 0.69 0.60 0.54
40:60 0.67 0.59 (0.52°) 0.54

a US NREL (2011)
b Adapted from US NREL analysis



Table: Ethanol Production Cost Reduction
by Improving Debt:Equity (D:E) Ratio or Interest Rate (iR) (USD/Litre)

70:30

60:40 0.57°

50:50
40:60 0.54 0.52°

2US NREL (2011)
®The retail market price: USD 0.58/litre

Ethanol (E-85) retailed at USD 2.39/gallon= USD 0.58/litre]

12 May 2016 24



Spatial distribution of feedstock resources

Sawmill Residuals (GJ)
3856 - 132 159
132160 - 308 370
3058 371 - 550 661

Wood Import (GJ)
@ 15364 -2323080

@ 2::0 5338

. 5339 859 - 14 255753

N
)
Industries
A Pulpmill
Pellet Flants

Sawmil

CHP/DH




Transport Network

).
1

—— Roadways

——+ Railwvays

*  Rail Terminals

26




Sweden

Ethanol Production Cost (€/GJ)

L _ = Value

| f g@ .High:39.7

M Low: 11.9
27



Biethanol Target in Indonesia

Estimating Bioethanol Potential and Required Land for Meeting the Targets

IN COOPERATION WITH: - Ethanol can substitute around 1% of gasoline in 2015. Land required for producing ethanol to meet the bicethanol blend
« At present land use conditions, it w_c:-uld be difficult to meet _ 2015 2020 2025
. the bioethanol and sugar self-sufficiency targets. Particulars (2% blend) (10% blend) (20% blend)
SWEd”h + 1.07 Mha sugarcane field is needed to meet the sugar Land required (Mha) - s -
Energy AQEHC}’ demand by 2020, while ethanol can meet only 23% of the : : :
targeted bioethanol volume. Molasses ethanol (BL) 0.68 1.02 1.09
N + In order to meet the sugar demand and bioethanol Juice ethanol (BL) ) 352 10.3%
= mandate by 2025, 2.76 Mha is required. Total ethanol (BL) 0.68 4.45 11.48
+ 34% bioethanol blend by 2020 and 63% by 2025 can be
achieved when available land (5 Mha) is used for 07 @
sugarcane cultivation. 3 s BT
4!; 7 53.2% *
14 - re 4 g 50 4 47.5%
o = i « E
A $ o E T 1% =
Reference: - w0 p = . % a0 - ’//—’H]’r// E
Khatiwada, D., & Silveira, S. = . [ § . o2
(2017). Scenarios for L : . os B £ ci | - 3
bioethanol production in _g 6 + = E . il ,--""'-d 2
Indonesia: How can we meet 5o, o * o4 —é"l 2 B
mandatory blending targets? 2 i @ L = F 10 a0 | == 1
Energy, 119, 351-361. 2 L o* * : = o H__--"'"
0+ — - - — oo B o Emmm==tT ¢ ; : ; ; ; 2 I
‘)o*’sr eo".r ?,'-?z@ r'o*’) vb"e eo".s' ‘?{"a v%?’b Tb"b TQ“.? *,Qb? ‘:(a".r "'2:;,& . Ops gy 0y gy gy Cap pp Wpy Mz Ay, g
¥ mar Ay lahle land [Mha) % of gasoline consumption

Total land (Mha)  +eeeees Ethanal produced {BL) #  Ethanol required (BL) = pthanol potential (BL —— Gasoline reguired (BL)



Biomass Mapping for Plant Location

Parameters

- Biomass availability
- Transport costs

---------- GIS, survey, report

- Space availability

Input data reading | Phyton

Optimization |7 GAMS

Results interpretation |- Phyton
Results

- Economicreturn
- Emission reduction
v v \ - Biomass flow

- Capacity of value
added product
- New plant location
______________________________________ ArcGlIS




Challenges for biomass-to-resources
utilization

« Data & supply chain

* Investment

« Logistics Transportation network and collection
« Technology

« Social / Cultural

Policy Recommendation

Policy to ensure sustainable supply of biomass
|dentifying the type, location and amount of available biomass, fixed a stable pricing of
biomass

Effort to improve bio technology (increase efficiency, reducing cost)
Providing Fund for Bio-Tech improvement (R&D), provide tax exemption

Marketing biomass products
|dentify suitable and marketable bio-products



Key Success Factors

* Proposed economic approach is attractive to
Investors

e Creation of public-private partnership
e Sustainability of materials

e Cost of logistics not prohibitive

e Availability of the best technology

e Favorable regulatory environment



Together We Mitigate Haze!

NO1-322
School of Chemical and Energy Engineering
Faculty of Engineering

Universiti Teknologi Malaysia
81310 UTM Johor Bahru

Johor, MALAYSIA ' 2=———7t— ]

T: +60-7-55335578 Y TTE _/mb_?__/HH
F: +60'7'5588] 66 ] _" .:: = I i I="=-="|'il'!"l=-'I!:II!II'-I.IJ'!I'!I'jlilulut}un|;||u‘- :

E: haslenda@utm.my iR Ay il

UTM

UNIVERSITI TEKNOLOGI MALAYSIA




	Burning Carbon to Energy to Mitigate Haze
	Slide Number 2
	Slide Number 3
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Comparison of Biomass-to-Power Conversion Technologies
	Comparison of Direct Combustion Technologies
	Comparison of Biomass-to-Ethanol Conversion Technologies
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Table: Ethanol Production Cost Reduction �by Improving Debt:Equity (D:E) Ratio or Interest Rate (iR) (USD/Litre)
	Spatial distribution of feedstock resources
	Transport Network
	Sweden �Ethanol Production Cost (€/GJ)
	Slide Number 28
	Biomass Mapping for Plant Location
	Challenges for biomass-to-resources utilization
	Key Success Factors
	Slide Number 34

