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TPES (2009)
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Supply of Bioenergy (2009)

Gas 22.1%

Coal 28.4%

Oil 34.6%
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Hydro 2.3%
Nuclear 2.0%

Other RE 0.4%
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Traditional fuels

”

Contribution of “traditional biofuels
fiFute& Energy poverty in people's homes 38 EJ

g solid fuels (Millennium

2003 or latest available daia

: : Charcoal,
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51%-75% .
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2-3 Billion solid fuel
users L
~3% Global Burden

of Disease 3

~2% Global GHG

emissions WHO 2006

Source: IPCC SSREN
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Heat and power applications

Condensor « Reliable technology

Contribution of biomass to heat and power

Feed water pump
12 EJ (IEA)
Deaerator
_ J W Charcoal, Recovered
= e 7%‘| wood, 6%
Ewc i ’ 0
‘ Residues
Generator “ and by-
Turbine | products,
12%
Fuelwood,
8\ 67%
J o Other*, 5%
gaS ﬂs
" Mg \
_ Condensate pump Energy
Sfeagj;‘:fe’ crops, 3%

fﬂ“’"ﬂss

* Includes MSW, LFG, forest residues, and black liquor

Cogeneration — common use of biomass waste and residues
Source: IPCCSSREN

|IEA stats
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Biofuels

120
.World blOdleseI EEEEEENEEEEEEEEEEEEEEEEERR . Rapeseed(canola)
* Soy Contribution of biofuels
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60 £ 4 and by-
____products,
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* Maize Energy
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Source: |IPCCSSREN
EIA, 2013 |IEA stats
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Biomass for electricity (2012)

Technology World EU-27 BRICS China United Germany Spain Italy India
Total States

Bio-power

Geothermal power 137 0.9 0.1 ~0 34 ~0 0 0.9 0

Ocean (tidal) power 05 0.2 ~0 ~0 ~0 0 ~0 0 0

Solar PV 100 69 8.2 7.0 7.2 32 5.1 16.4 1.2
Concentrating solar o5 5 -0 -0 0.5 0 5 0 -0

thermal power (CSP)

Wind power 283 106 96 75 60 31 23 8.1 18.4

Total renewable
power capacity (not 480 210 128 920 86 Tl 31 29 24
including hydropower)

REN21 2013 Global Status Report
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Bioenergy conversion pathways

Schematic view of commercial bioenergy routes (from IPCC SSREN based on IEA 2009)  'ncludes

co-firing”
0il Crops .r (Biomass Upgrading®) + \
(Rape, Sunflower, etc.), '._ \ Combustion

Waste Qils, Animal Fats ———

‘ Transesterification Biodiesel

. or Hydrogenation
Sugar and Starch Crops
=
_g—
r
—

Lignocellulosic Biomass Renewable

Gasification

I (+ Secondary Process) /
— -~
Biodegradable MSW, N v
Sewage Sludge, Manure, Wet . . e’
Wastes (Farm and Food Wastes)

{Wood, Straw, Energy Crop,

MSW, etc.) '

Anaerobic Digestion*
(+ Biogas Upgrading)

Biomethane

Notes:
1Parts of each feedstock (e.g. crop residues) could be used in other routes.

2Each route also gives coproducts.
3Biomass upgrading includes any one of the densification processes (pelletization, pyrolysis, etc.).
“Anaerobic digestion processes release methane and CO, and removal of CO, provides essentially methane, the main

component of natural gas; the upgraded gas is called biomethane.
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FIGURE 4. RENEWABLE POWER CAPACITIES* IN WORLD, EU-27, BRICS, AND TOP SIX COUNTRIES, 2012
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Top producers in 2008: biomass electricity

FIGURE 7. BIO-POWER GENERATION OF TOP 20 COUNTRIES, ANNUAL AVERAGE 2010-2012
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Top producers in 2008: biomass heating

2008 Biomass Heat [PJ]
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25
Production Cost . CHP
(US ¢ per kwh) . o

20

15

10

0 T T T T T T T T T T 1
Combustion + Combustion + Combustion + Combustion + Combustion + Direct co-firing Parallel co-firing Gasification + BlGCC BIGCC Anaerobic
Turbine Engine/turbine Turbine Stirling engine Organic Rankine incoal plant incoal plant Gas engine (5-10 MW (30-300 MW digestion +
(10-100 MW) (1-5 MW) (10-50 MW) (<0.1 MW) cycle (5-100 MW) (<10 MW) (0.1-1 MW) demo) future) Engine
(0.2-1.5 MW) (0.3-10 MW)

Figure 11.16 | Projected production costs for biomass to power and to CHP. Anaerobic digestion can also be operated in CHP mode; production cost will reduce by 60-80%
(depending on technology and plant size) if “free” biomass feedstock is used, such as MSW, manure, or wastewater. Source: based on Bauen et al,, 2009,
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Technologies for Heat and Power from
Solid Biomass

e Combustion

e Pyrolysis

e Gasification



Combustion

e Most popular route for both heat and power

Wide range of fuels (logs, chips, pellets, MSW, bagasse...)
e Heat - typically 1-10 MW

~

Common for industries and district heating

e Power - typically 10-50 MW -CHP

Rankine (steam) cycle

n = 18-33% (< comparably-sized fossil plants) |



Co-firing

* “Easy” way to integrate biomass in heat or power production

e Utilize higher efficiencies in large plants (100-1000 MW)

e 5-10% mix readily achievable w/direct combustion

e >100 commercial facilities worldwide (IEA database)

T\

o

Boiler

Biomass ﬁtt“ =
ol i
 e— gl

Gasification gas

Biomass co-firing technologies. a) Direct co-firing. b) Indirect co-firing. c) Parallel co-firing from Al-Mansour and Zuwala (2010)
http://dx.doi.org/10.1016/j.biombioe.2010.01.004
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http://www.ieabcc.nl/database/cofiring.php
http://dx.doi.org/10.1016/j.biombioe.2010.01.004

Co-firing — pollution reduction

M. Sami et al. / Progress in Energy and Combustion Science 27 (2001) 171-214
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Fig. 21. Effects of co-firing 20% (mass basis) railroad ties with coal on NO, and CO emissions [76].
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Co-firing — pollution reduction

generating electricity from coal without co-firing
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ﬁgﬂﬁﬁ Heller et al. 2004 (from http://www.sciencedirect.com/science/article/pii/S0960148103003914)
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Pyrolysis

e Thermal decomposition of biomass occurrmg in
the absence of oxygen that produces:

— a solid (char/charcoal)

— a liquid (pyrolysis oil or bio-oil)
— gases (CO,, CO, H,, CH,, HCs...)

* Always the first step in combustion and
gasification processes

(followed by total/partial oxidation of primary products)

6/18/14 Bailis — World Bank Solid Biomass 19



Pyrolysis

400°C

Air diffusion in
plume

BA-GO201T15

Combustion products

Combustion of gas,
tar, and sool

Gases from soot
{luminous)

Oil vapors crack to
hydrocarbons and tar

Qil vapor and gas
Pyrolysis of wood

L

Fig. 4-2. Pyrolysis, gaﬁ'ﬁi:aﬁan. and combustion in the flaming match

6/18/14

Bailis — World Bank Solid Biomass

Source: Reed and Das, 1988
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Biomass | pretreatment
(dry and grind)

Pyrolysis

Pyrolyzer

Bailis — World Bank Solid Biomass

http://www.ars.usda.gov
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Pyroly5|s
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Gasification

Partial thermal oxidation of biomass

Step 1

Pyrolysis
~500 °C

Gases

)

Liquids

Char

Step 2
Gasification
~1000 °C+

— Results in a combustible mixture of gases

e “syn gas” or “producer gas”

* Mainly CO and H,

e 5-20 MJ/Nm3 (10-45% HV or nat. gas)

Syngas

— Air-based systems are lower (N, in the air dilutes the mix)

— Steam or oxy-based systems are higher
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Gasification

Primary devolatilization

Primary tar (CH,Oy)

Biomass — CO, CO,, CHy, CoH4 H,O [eq.1]
Carbon
Tar cracking and reforming
Secondary tar
Primary tar — CO, CO,, CHy, C,H, H, [eq.2]
Homogenous gas-phase-reactions AH
Secondary tars — C.CO H [eq.3]
H> +0,5 O, — H,O -242 kJ/mol [eq.4]
CO+0,50; — CO; -283 kJ/mol [eq.5]
CH;+ 0,5 Oy — CO+2H- -110 kJ/mol [eq.6]
CH4 + CO; — 2CO+2H; +247 kJ/mol [eq.7]
CH4 + H,O — CO+ 3 H; +206 kJ/mol [eq.8]
CO+ H,0O — CO,+ H, -40,9 kJ/mol [eq.9]
Heterogenous reactions
€C+0, — CO; -393,5 kJ/mol [eq.10]
C+0,50; =% CcO -123,1 kJ/mol [eq.11]
C+CO; — 2C0O +159,9 kJ/mol [eq.12]
C+HyO — CO+H; +118,5 kJ/mol [eq.13]
C+2H — CHy -87.,5 kJ/mol [eq.14]

Bailis — World Bank Solid Biomass
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Gasification

Updraft Downdraft Bubbling Fluidized Bed Circulating Fluidized Bed
Sunmq

Exhaust gas P
ashes and Doller |
r/’\ ) . . [ elutriated sand

= i ,_ 74/]‘ Refract
A, elractary
Drylng Zone ~ Jining
500C ' Post
] combustion %
Combustion Chamber
Extra IRiser}
Secondary %fﬁ sund inlet
air inlet
4 D Extra
burner - ”:
Suigr,
Air ==~ Zone =__—> Air Sludas serccuiugs, (= >
Mik inter | RDF.Fuel J\;,
Reduction Zone %
T AT T r;_:'.-- -A_;Ehﬁp.ll -“a,.kl .
- : ' Primary | Sapplemments] Fil |iia
Ash Zone : aivinket | e | noh casiis

il
ZMTN:D g

) Flow Direction
Gasifier Type Fuel Oxidant Support Heat Source

Updraft Fixed Bed Down Up Grate Combustion of Char

Downdraft Fixed Bed ' Down Grate Partial Combustion of Volatiles
Bubbling Fluidized Bed Up None Partial Combustion of Volatiles and Char
Circulating Fluidized Bed U None Partial Combustion of Volatiles and Char

http://seca.doe.gov/technologies/coalpower/gasification/pubs/pdf/BMassGasFinal.pdf
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g Biomass Plots in
4 Atlantic Forest

[ ] Brazilian biomes

Total carbon stocks
Pac) .,

L Biomass (Mg ha')
Il <30 180 - 240
B 30-60 240 - 300
I s0-120 0 300 - 360
N 120 - 180 [ > 360

5
0.5

M Above I Below

EXAMPLE - BRAZIL

6/18/14 Bailis — World Bank Solid Biomass
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Brazil — Primary Energy

Brazilian Domestic Energy Supply from 1970-2010 (EPE, 2011)

280

B Other renewables

28%
240
Sugarcane anc

200 derivatives

B Fuelwood and
160

charcoal

Mtoe

M Hydroelectric and
nuclear power

120

30 M Coal and coal
products
40
B Petroleum and
0 Natural Gas
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Brazil — woodfuel consumption

Brazilian Woodfuel Consumption 1970-2010 (EPE, 2011)
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80

M Agricultural

Mtoe

B Residential and
Commercial
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Brazil — biomass and the metallugical industry

HlCala

R34 Sy = Cirtatrizaram
MINeno ANEUZACAO
de ferroy

(e

=

S
| OO R
-
&_) S
Carvao Cogueria

florestas

Preparacédo

da carga Air blast and charcoal or coke: 2 C+ O, - 2 CO

Carbon monoxide (CO) is the principal reduction agent.
Stage One: 3 Fe,0; + CO - 2 Fe;0, + CO,
Stage Two: Fe;0, + CO - 3 FeO + CO,
Stage Three: FeO + CO - Fe + CO,
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Use of solid biomass




Brazil - Sugarcane

Energy balance of sugarcane ethanol production in
Brazil (MJ/ton-cane)

Sugar-cane

- Bagasse Component 2005/2006 2020
Milling Boilers i
' Scenario
Cane production & 210 238
Chemical transport
treatment
Bioethanol Production
Filtration Filter cake :
Fossil Input (total)
* Bioethanol
Molasses
s 4 Fermentation
Bagasse surplus
Distillation w— Electricity surplus 83

Total renewable output 2,185

Centrifugation

Energy production = consumption

Bioethanol + bagasse

Drying Ethanol
(hidrated) Bioethanol + bagasse +

electricity

Sugar Ethanol

{anhydrous) Biomass 32
BNDES, 2008



Gasification...

“The pilot plants are hard to build and even
harder to operate. Failure cases abound.
However, we still found the risk to be worth
taking because Brazil’s potential to increase
sugarcane production is so great...

Instituto de Pesquisas Tecnoldgicas President
Fernando Landgraf



Solid biomass in the CDM

Method |Title Projects| PoAs
ACM3 |Emission reduction through partial substitution of fossil fuels with 44
alternative fuels in cement manufacture
ACM®6 | Grid-connected electricity from biomass residues (includes AM4 & AM15) 353 2
ACM18 | Electricity generation from biomass residues (co-fired) in power-only plants 81 2
ACM20 |Co-firing of biomass residues for heat generation and/or electricity
generation in grid connected power plants
AM7 | Analysis of the least-cost fuel option for seasonally-operating biomass
cogeneration plants
AM36 |Fuel switch from fossil fuels to biomass residues in boilers for heat 24
generation
AMA42 |Grid-connected electricity generation using biomass from newly developed 2
dedicated plantations
AMS82 | Use of charcoal from planted renewable biomass in the iron ore reduction 4
e A S [yl o e el 1ol GLE (S LEe i itz



http://cdmpipeline.org

EXTRA SLIDES
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Projects Found

~ Approved National Projects (12)

GEF_ID

128

337

338

1612

2941

4718

3999

4254

381

Subtotal

Cowntry

Bragzil

Brazil

Brazil

Brazil

Brazil

Brazil

Brazil

Brazil

Brazil

Brazil

Brazil

Brazil

Project Name

Hydrogen Fuel Cell
Bus=s for Urban
Transpaort

Energy Efficiency
Project

Climate Change Enabling
Activity

Biomass Powsr
Generation: Sugar Cans
Bagasse and Trash
Second Mational

Communication of Brazil
to the UMFCCGC

Market Transformation
for Energy Efficiency in
Busildings

Production of
Sustainable, Renswable
Biomass-based Charcosl
for the Iron and stesl
Industry in Brazil

Third Naticnal
Communication to the
UMFCCC

Low-Carbon Urban
Meobility for Large Cities
Mitigation Options of
Greenhouse Gas (GHG)
Emissions in Key
Sectors in Brazil
Sugarcane Fenewsble
Electricity {SUCRE)
Biomass Integrated
Gasification/Gas Turbine
Project

Climate
Change

Climate
Change
Climate
Change
Climate
Change

Climate
Change

Climate
Change

Climate
Change

Climate
Change

Climate
Change
Climate
Change

Climate
Change
Climate
Changs

UMNDP

IBRD

UNDP

UNDP

UNDP

UMNDF

UNDF

UNDP

IADE

UMEF

UNDF

UNDF

Project
Tip=
FP

FFP

FFP

FFP

FF

FP

FFP

FF

FP

FP

GEF Grant

12,274,000

20,000, 000

1,500,000

3,750,000

3,400,000

13,500,000

T.150,000

5,720,000

6,000,000

4 180,000

7,800,000

&, 115,000

93,380,000

Bailis — World Bank Solid Biomass

Cofinancing

9,169,000

180, (0, 0D

2,770,000

4,175,800

G4, 825,000

32,700,000

6,500,000

T7.170,000

11,850,000

62,800,000

451,550 600

Status

Project
Caomipletion

Praject Closure

14 Approved

Project Closure

Praoject
Caomipletion

Unedr
Imiplementation

Counecil
Approved

CEQ Endorsad

Counecil
Approved

CEQ Endorsad

CEQ Endorsed

Project
Comipletion
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Pellet fuels

Table 2.9.1 Energy density at different moisture content in various wood fuels!?!

Molstu NCv
Wood fuels m— ergy density

_ M% | kg | MJkg | M) | KkWh |literof oil

Stacked log woods

Beech33cm 1 stacked m? 15 445 15.3 6,797 1,888 189
Beech33cm 1 stacked m? 30 495 12 6,018 1,672 167
Spruce 33 cm 1 stacked m? 15 304 15.6 4,753 1,320 132
Spruce 33cm 1 stacked m? 30 349 124 4,339 1,205 121
Wood chips

Beech 1 bulk m?3 15 295 15.3 4,505 1,231 125
Beech 1 bulk m?3 30 328 12.1 3,987 007 111
Spruce 1 bulk m?3 <3 194 15.6 3,032 842 84
Spruce 1 bulk m?3 30 223 124 2,768 769 s
Wood pellets 1 bulk m3 8 650 174 TELALS 3,088 309

* In the range M 0-23% the relative correction factors have been applied.
http://nuke.biomasstradecentres.eu/Portals/0/D2.1.1%20-%20WO0OD%20FUELS%20HANDBOOK_BTC_EN.pdf
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MW (total)
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Global co-firing capacity
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Source: |[EA Bioenergy Task 32
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http://ars.els-cdn.com/content/image/1-s2.0-S0960148110003125-gr2.ipg
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Brazil — power production

IEA Energy Statistics Statistics on the Web: http://www.iea.org/stats/index.asp

Electricity generation by fuel

iea
Brazil

500 000

450 000

400 000

350 000

300 000

250 000

GWh

200000

150 000

100 000

50 000

1971 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009

ECoal/peat ®Oil @Naturalgas ONuclear ®Hydro  ®@Biofuels & waste  BGeothermal/solar/wind

6913@/@?[!5\ 2011 Bailis — Worl F&ramdreSdetailed idata,oplease consult our on-line data service at http://data.iea.org.  4()
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Current status

GLOBAL ANNUAL GROWTH RATE OF RENEWABLE CAPACITY in 2012 and 2007-2012 (REN21, 2013)

Concentrating solar 61 %
thermalpower |
Oy
Solar PV 42A
1 )
o
Hydropower -3' 1 %
Geothermal power -?'ﬁ %
Solar water heating 14 %
ored colectors) IS 2012
Biodiesel production 04% End-2007 through 2012
_ ] (Five-Year Period)
-1.3%
Ethanol production P
0 10 20 30 40 50 60 70
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FIGURE 6. WOOD PELLET GLOBAL PRODUCTION, BY COUNTRY OR REGION, 2000-2012

Million Tonnes

Total 221;

I Rest of World
Rest of Asia
China

Russia

15 United States and Canada
European Union (EU-27) /

20

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
(preliminary)

6/18/14 Bailis — World Bank Solid Biomass 43



	RENEWABLE ENERGY TRAINING PROGRAM �Session 7 | BIOENERGY�Solid Biomass for Power Generation
	Overview
	TPES (2009)
	Supply of Bioenergy (2009)
	Traditional fuels
	Heat and power applications
	Biofuels
	Biomass for electricity (2012)
	Bioenergy conversion pathways
	Current status
	Top producers in 2008: biomass electricity
	Top producers in 2008: biomass heating
	Costs
	Technologies for Heat and Power from Solid Biomass
	Combustion
	Co-firing
	Co-firing – pollution reduction
	Co-firing – pollution reduction
	Pyrolysis
	Pyrolysis
	Pyrolysis
	Pyrolysis
	Gasification
	Gasification
	Gasification
	Slide Number 26
	Example - Brazil
	Brazil – Primary Energy
	Brazil – woodfuel consumption
	Brazil – biomass and the metallugical industry
	Use of solid biomass
	Brazil - Sugarcane
	Gasification…
	Solid biomass in the CDM
	Slide Number 35
	Slide Number 36
	Pellet fuels
	Global co-firing capacity
	Slide Number 39
	Brazil – power production
	Slide Number 41
	Current status
	Slide Number 43

