Federation of Myanmar Engineering Societies

“LET US START WITH UNDERSTANDING THE PROCESS OF
BIOMASS GASIFIED GENERATION”
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Demand Forecast in Myanmar
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Yearly Shortage Power (Estimate)

§00598 ©§:6005320:c83255105 80lod

—#—Demand Power
== Firmed Power

4000
4200 4270
2000
u T T T T T T T T 1 /
2022 2023 2024 2025 2026 2027 2028 2029 2030

y 4

- 4



RENEWABLE ENERGY OR ALTERNATIVE ENERGY

e Alternative Energy : Not consume fossil fuel, Widely
available & environment friendly, cause little or almost
no pollution, many impressive options. Reduce
dependence on traditional fossil fuels.

The sources of Alternative Energies:

* Solar Energy

* Hydroelectric Energy
* Biomass Energy***
* Wind Energy

* Geothermal Energy
* Ocean Energy

* Hydrogen Energy



7 Sustainable Development Goals

NO ZERO GOOD HEALTH QUALITY GENDER CLEAN WATER
POVERTY HUNGER AND WELL-BEING EDUCATION EQUALITY AND SANITATION
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“UN” SUSTAINABLE DEVELOPMENT GOALS

DIRECTLY RELATED

* Goal 7: AFFORDABLE AND CLEAN ENERGY

* Goal 9: INDUSTRY, INNOVATION AND INFRASTRUCTURE
* Goal 13: CLIMATE ACTION

INDIRECTLY RELATED

Goal 1: NO POVERTY

Goal 8: DECENT WORK AND ECONOMIC GROWTH

Goal 11: SUSTAINABLE CITIES AND COMMUNITIES

Goal 12: RESPONSIBLE CONSUMPTION ANDPRODUCTION
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SOLAR ENERGY + CO, ABSORBED

CO, RELEASED + ELECTRICAL ENERGY

L
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Type of Biomass & Waste can be used in POWERMAX systems:

Bagasse Bamboo Waste Bark Coconut Husk Coconut shell Corn Cob Cormn Stalk Cotten Straw

Emply Fruit Napier grass Clive Wasle Chicken manure Falm Fiber Palm Kermel Sunflower Husk Peal
Bunch (EFB} Shel

A
‘;'F'q‘:g . ‘-0‘[3;‘

Ao o

B

RDF briquettes Rice Husk Rics Straw Saw Dust Wheat Straw Sludge Waood Chips Paanut Shall

Marc Tomato peels Wastetires Olive pomace Citrus pulp Qil seeds Vine prunings Anaerobic
residues digestate

e v s
Sawmill residues Pruning Waste Plastic

residues
12



BIOMASS GASIFICATION

Biomass gasification is a thermo-chemical process

biomass containing carbon, hydrogen and oxygen reacted
amount of air/oxygen and/or steam to yield a mixture of
combustible gases

consisting of carbon monoxide, hydrogen and traces of
methane. This mixture is called producer gas.

Gasification accomplished in air sealed chamber slight suction
or pressure relative to ambient pressure

Heat + biomass = gas + pyrolytic oils + char + ash + _steam
3¢ + 806c02mD = e20deg, + 003E:a8 + MPEp + (g0 +edegzes,

13



Biomass Raw Materials

Biomass Gas

Flow Chart of Biomass Gasification Power Plant

Tar Separator

Tar Filter

U

Tar

il Y

Ash & Char

Cooling Water Recirculating Tank

Gas Storage

X

Gas Filter

i 111111

Biomass Generator Set
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. Gasifier:
* Producer gas:
* Pyrolysis:

* Pyrolysis Zone:

ERMINOLOGIES PERTAINING TO GASIFICATION

A reactor which converts solid fuels in to gaseous
fuel through thermo-chemical process under
controlled condition of air

It is @ mixture of gases produced when materials
like wood, charcoal, coal, lignite or crop residue
are burnt under controlled condition of air

It is the process wherein heat is used to
breakdown biomass in the absence of air to yield
charcoal, wood-oils, tars and gases

In this zone the solid material starts
at 2502 C to produce char as well
and non-condensable gases




J

Oxidation Zone

Reduction Zone

Turn down ratio

Specific gasification rate  Specific gasification rate

OLOGIES PERTAINING TO GASIFICATION (continue)

In this zone, air is introduced for oxidation of
biomass, Apart from heat generation, all
condensable & organic products of pyrolysis get
converted and oxidized

In this zone, sensible heat of gases and charcoal is
absorbed in endothermic reactions between
water, CO2 and carbon in the charcoal

Turn down ratio of a gasifier is the ratio of
maximum to minimum gas generation rates at
which it can be reasonably and efficientlys
operated without drop in quality of

biomass consumed
cross sectional area of gasifier




Biomass Gasification Process

Step |
Convert biomass into syngas
Step Il

Syngas purification, the producer gas coming from gasifier
usually contains contamination including dust, coke, tar and
etc. will be removed by the purification system .

Step Il

Power generating in gas engine, the high temperature waster
exhaust gas may be reused by heat boiler to generate steam
or hot water for civil or industrial use.

17



Types of Biomass Gasifier

1. CFBG : Circulating Fluidized Bed Gasifier
2. UFBG : Updraft Fixed Bed Gasifier

3. DFBG : Downdraft Fixed Bed Gasifier
4. TFBG : Twin-Fire Fixed Bed Gasifier

18
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Four types biomass gasifiers for different fuels and applications

!

A

i .
' Biomass gas Biomass E
I
' ]
' I
; Cyclone dust :
i collector ‘
' ‘ Pvrdvm !
i Biomass gas oon:
: Biomass Biochar Redudm ———— :
i O— Reduction  Blomass gas Combusti :
' I
E Biomass gas i
: v E
i Air Biochar |
. I
: CFBG UFBG DFBG TFBG i
E Circulating Fluidized Bed Gasifier Updraft Fixed Bed Gasifier Downdraft Fixed Bed Gasifier Twin-Fire Fixed Bed Gasifler '
1
E Fuel requirement: i
E Moisture content: = 16%(Wet Basis) = 20%~35%(Wet Basis) = 20%(Wet Basis) = 20%(Wet Basis) E
! i
E Size: =10-15mm Dia. 20-80mm =10mm Dia. 20-80mm :
' Len. 10-80mm Len. 10-80mm 5
! +
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DOWN DRAFT GASIFIER

Biomass

] \TLV_\

Drying Zone 20 ~ 200°C

Pyrolysis Zone 200 ~ 800°C

Oxidation Zone
Air —»

<— Air 800 ~ 1100°C

Reduction Zone 600 ~ 800°C

Gas

N



FEATURES OF DOWN DRAFT GASIFIER

Gasifier requires drying of biomass fuel to a moisture content of less
than 20 percent

Fuel and air or oxygen enter the top of the reaction chamber

Down-flowing fuel particles ignite, burning intensely and leaving a
charcoal residue

The charcoal which is about 5 to 15 percent of the mass of origin fuel,
then reacts with the combustion gases, producing CO and H2 gases

These gases flow down and exit from the chamber below a grate
Combustion ash falls through the grate

The advantage of the downdraft design is the very lowstar content of
the producer gas

21
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!%owermax Technical Specification of DFBG series Biomass Gasification Power

Generation System 3D Model (500KW as sample)

untmm

b4 3

1.Biomass Fuel Blower 2.Cyclone 3.Gasifier 4.Cyclone 5.Air Cooler é.Indirect Cooler 7.lsolation Seal 8.ESP 9.Booster Fan
10.Water Drop Catcher 11.Water Bleeding 12.Gas Flare 13.Buffer Tank 14.Gas Generator Set 15.Cooling Tower 16.Water Pump
17.Cooling Water Pool 18. Tar Tank 19.Condensate Water Pool 20.Pulse Dust Collector 21.Cyclone Dust Collector
22.Ash Tank 23.Ash Discharge Transition Hopper 24.Water Tank
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1MW DFBG Power Plant
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Gas

> 2 R ==
Condensate Water

Coolinny Water " ”

1.Biomass Fuel Blower 2.Cyclone 3.Gasifier 4.Cyclone 5.Air Cooler é.Indirect Cooler 7.Isolation Seal 8.ESP 9.Booster Fan

10.Water Drop Catcher 11.Water Bleeding 12.Gas Flare 13.Buffer Tank 14.Gas Generator Set 15.Cooling Tower 16.Water Pump

17.Cooling Water Pool 18. Tar Tank 19.Condensate Water Pool 20.Pulse Dust Collector 21.Cyclone Dust Collector
22.Ash Tank 23.Ash Discharge Transition Hopper 24.Water Tank
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Specification of Biomass (Rice Husk) for Gasified Generation

Sr. Description Requirement

1 | Feedstock Type Rice Husk

5 Calorific Value of Rice Husk on wet | > 3,400 kcals/kg at 10% moisture
basis content

3 | Moisture Content, % on wet basis <10%

4 | Bulk Density, kg/m3 >110-120

5 | Ash Content, % on dry basis <18-20%

6 | Ash Deformation Temperature >1150°C

7 | Volatile Mater, % on dry basis > 60%

8 | Fixed carbon, % on dry basis >19%

9 | Rice Husk Size, mm >3 mm

26



Technical Specification of DFBG series Biomass Gasification Power Generation

Model 50 DFBG | 100 DFBG | 200 DFBG | 300 DFBG | 400 DFBG | 500 DFBG | 600 DFBG | 800 DFBG {1000 DFBG
Rated Power (KW) 50 100 200 300 400 500 600 800 1000
Rated Frequency 50 hz
Rated Voltage (V) 220/400/440
Model of Gasifier DFBG 50 | DFBG 100 | DFBG 200 | DFBG 300 | DFBG 400 | DFBG 500 | DFBG 600 | DFBG 800 |DFBG 1000
Gasifier Type Downdraft Fixed Bed Gasifier
Biomass Moisture Requirement < 16% (Wet Basis)
Biomass Size Requirement Less than 1 cm
Biomass Consumption (kg/Hr) 50-100 100-200 | 200-400 | 300-600 | 400-800 | 500-1000 | 600-1200 | 800-1600 | 1000-2000
Gas Production (Nm%h) 125-150 | 250-300 | 500-600 | 750-900 |1000-1200|1250-1500 | 1500-1800 2000-2400 2500-3000
Ash Discharge Type Dry Ash Type
Type of Gas Purification Dry Type Gas Purification System
Heat Value of Gas > 1100 Kcal/Nm?3
Gas Composition CO 15~20% C028~12% CH4 Up to 4% H210~15% N245~55%
Model of Genset 50 GFLS | 100 GFLS | 100 GFLS | 300 GFLS | 400 GFLS | 500 GFLS | 300 GFLS | 400 GFLS | 1000 GFLS
Qty of Genset 1 Set 1 Set 2 Set 1 Set 1 Set 1 Set 2 Set 2 Set 1 Set
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Comparison for Parameters of Gasifiers.

Sr. Description CFBG DFBG UFDG TFBG Local Gasifier
1 |Rated Power (kW) 400 400 400 400 400
2 |Rated Voltage (V) 400 400 400 400 400
3 [Model of Gasifier CFBG400 DFBG400 UFGF400 TFBG400
f Circulating F}uldlzed Bed Downdraft Fixed Bed Gasifier | Updraft Fixed Bed Gasifier | Twin Fire Fixed Bed Gasifier | Downdraft Fixed Bed Gasifier
4 |Gasifier Type Gasifier
5 Blom.a D <20% (wet basis) < 16% (wet basis) <20-35% (wet basis) <20-35%(wet basis) <20% (wet basis)
Requirement
6 [Biomass Size Requirement <8-15mm less than 1 cm Dia 20-80, L 10-80mm Dia 20-80, L 10-80mm less than 6mm
7 [Biomass Consumption 400-720 400-800 400-800 400-800
(kg/hr)
8 |Gas Production (Nm3/h) 1000-1200 1000-1200 1000-1200 1000-1200 1000-1200
9 |Ash Discharge Type Dry Ash Type Dry Ash Type Wet Ash Type Wet Ash Type/ Dry Ash Type Wet Ash Type
Semi Dry Type Gas Dry Type Gas Purification Dry Type Gas Purification Dry Type Gas Purification Dry Type Gas Purification
10 Type of Gas Purification Purification System System System System System
11 |Heat Value of Gas 1200-1300Kcal/Nm3 >1100Kcal/Nm3 >1100-1200Kcal/Nm3 >1200Kcal/Nm3 >1100Kcal/Nm3
12 |Model of Genset 400GFLS 400GFLS 400GFLS 400GFLS 400
13 (Qty of Genset 1 1 1 1 1
14 Gas Composition CO: 12-18% CO: 15-20% CO: 16-21% CO: 15-20% CO: 15-20%
C0O2: 10-16% C02: 8-12% C02: 5-11% CO2: 8-12% C02: 8-12%
CH4: 4-8% CH4: upto 4% CH4: 4-6% CH4: upto 3% CH4: upto 4%
H2: 3-7% H2: 10-15% H2: 10-12% H2: 15-20% H2: 10-15%
N2: 54-60% N2: 45-55% N2: 54-60% N2: 45-50% N2: 45-55%
CnHm: 1-1.4%
02: 0.5-1.2%

28




Gasifier System Benefits

Cost Effective

Environmental Friendly

CDM eligible technology

Biomass flexible

Simple and efficient design

Easy to Operate & Maintain

System Capacity 50 ~ 2000KW Modular




CUT DIESEL COST BY 85% YOU CAN

 The Biomass Gasification Systems efficiently convert

biomass into a clean combustible fuel called
producer gas.

* Producer gas effectively substitutes up to 85% of

the diesel, LPG, LNG, CNG or fuel oil you currently
use.

30
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BIOMASS POWER PLANTS IN MYANMAR

Rice Mills powered by small scale biomass gasifiers using RICE HUSK & WOODCHIP as feedstock.
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Source : Ministry of Information

: Solution to sustainable rural electrification in Myanmar, Ramchandra Pode (2016)
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555.5KWe Electricity

1ton Rice Husk / ( )
p aﬁ"’:;:.'s.‘&,
\ 300kg Rice Husk Biochar
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e Sustainable Agriculture Economy (Powermax)

* 1 ton Rice Husk = 555.5Kwe Electricity + 300kg Rice Husk Biochar

» 00k3 © 008 mE) g|00d §9¢.9 BcB00 + §[go 00 Bcdngd

. @%es%éé ao%oxﬂzogcr‘%%g = ]9 oo% (:)0%3 cOlcs) @ 2021

¢ 00l 0 0Cs (9@ cOl¢) oxﬂzé S OOCs (00.9 cOl¢) epoél

+ 00k§ -7 00§ Jq 2082 X 00.0 /66 = 6.6 01§ 208!

* QQIO®O — ? .G 02§ 08 X §§6).6) MAO00 = JQOO MO0 203
* Q00 o%cx%o@ :D§z / JB8 = g.08) O%C\%of) 30%3 / JS §o?p

+ q|0080003078CR6: M) 0.0 030300 20&: = 300 Salod

. ?@gﬁﬁqgég& m) .25 02§ 20§ X Q00 O30P= 0.0 | 00



0OD0&:MICAVINMG ©Qe0 Po:F(acovk 8003
igc{slmcjo o)% i@é.s?%q&ao)@(o J/ choq) K

Z)OO‘?C§@ OP_D'DOc?@ 8D§I :)OGO’)CD@?COGDC% &3§ C)OO) 8 0) 5’3§

c N
oplétlopl-loblabe

[§§e:>@§[§p_o[9 @O:32C320C3! §C6UONOCIMNYAI0
61@300%00"

O

(on ) ge 39(:(\)390 m§c Q)ocqla oop_o 39@@39@§?§qp | @022 3sloles MOC a?ecczep

@,,p_a ogomsgozﬂmqp @@aog {=I9H L
 (9) Gs:naqp 39008 961@30:) GGL/G@/GQ) o ﬁ%&?)(% 0 GogoﬂqlmqusaeoT
sgwo‘a_oocomoaooqp em[g 9[9[ 2663 sggﬁsgooe? eqlorg COGCE:

e (0) c&lomo;cnsgoqlmmcwm @p_oaog =9t

(20) coode ca3Ees[Meea00 00Y08:MICDO0S:6
Q.CHCes(03q| $:09ICRO0PI65G
39@@:39<;§ac330? ecqlgqleqzl
Cc C

(c) oooo§ oqlcoosL)ooe @ﬂeooo o0lk3 g@ o>ooqp oql @§@§ 39:)0 @[qu
S 3 05‘?0 6200CgMG§!
20

®) 00l:3 89 OO§C OO 30?3 ‘Dgﬁ@&ﬁ "ZP 0P C\%
( ) ©0:§B:0058N 320:0005]03/3502§p0:3|00QPE0D (JRISIEIPE BOGSCH S|

o)

0 Q
aCL)CGP

N
N

o)

35



020306:0060YCV(gC:EN FBSMEPIYUIFIOIGP: -

00304: éécﬁgcm%g%cooo @S:300:(gCold8:005030:0306:00

GC\)(\')DQ QI(YSGD

¢ (o0 )ogg(ggeonoeooohg;e 390§C®o o P_SC Be(gaespqqp:

Llealelet aqcep @pﬁS ogoomssoeﬂooqp p_aaopj 3C6)3!
. (a) Gsooafip 2@ g%qeooo c§/clg/c0 (Q@pje eaocep

QI(DQ{I’.') 3260 O%[QI_@OD%’D 02 GSOO@Q{ID GQODO@DCDUOOOO’)QP

CU(DCC g[(_.a ﬂéS’BOﬁ)é G({lO’JGO)G&II

 (0) Gsoaaqp eﬁ cgjoo:@msfaoqjmmcwm @@eo@ =19

003

R

* (E)O)QDCDGOBQC&)CG QGIGODD OO’)O§ (T{lC&O)&@@ &)CGP 396@39

L L

O

Gé&? (Y% GC\ZP G A

e (c) o ooo§ oqlcooegooe GC\H9§§3@3@3 ®cﬂ3§ez®mqu U{loooq]os

9898 3eapig|aces:



Flow chart of Gasification

Rice Husk — Rice Husk
Godown Entrance

Fine Filter

!

Root Blower
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Rice Husk Biochar Application

Advantages of Rice Husk Biochar:
1. Adjust soil temperature and PH value
2. Promote beneficial microbial breeding
3. Prevent soil hardening
— 4. Improve soil tilth
5. Improve soil fertility
6. Decreased nutrient runoff
7. Increase soil carbon
vV
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Rice Husk Biochar/Charcoal

Carbonized Rice husk

Metallurgical Thermal Insulation
Material

Light weight
Low thermal conductivity
Has good performance of thermal insulation.

300-500USD/TON

41
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Rice Husk Charcoal for
Rice Husk Charcoal cooking, BBQ

Ny

$300-450 per ton
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RICE HUSH ASH MARKET & APPLICATION

Global rice husk ash market is projected to reach USD
2.54 billion by 2021

Asia-Pacific accounted for the largest share of the global
rice husk ash market

Asia-Pacific is waitnessing an increase in infrastructure
projects, which in turn generates demand for building &
construction chemicals

Rice husk is an abundant as well as cheap material which
can be converted into Activated Carbon (AC) for various
application.



RICE HUSK ASH MARKET & APPLICATION (Continue)

Various pollutants such as textile dyes, organic
contaminants, inorganic anions, pesticides, and heavy
metals can be effectively removed by RH-derived AC.

Activated carbon is used to purify liquids and gases
municipal drinking water, food and beverage processing,
odor removal, industrial pollution control.

Rice husk and straw are rich sources of minerals.
Rice husk (RH) has more than 20% silica.

The Indian particle board market was valued at over USD
720 million in 2020, Bengaluru city is leading the office
demand and supply activity in the country.



PARTICLE BOARD FROM RICE HUSK
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= ﬂ SILICATE FROM RICE HUSK
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SODIUM SILICATE
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SODIUM SILICATE MARKET

e Rice husk ash (RHA), a byproduct of the rice industry, is
the primary source of amorphous silica for producing
sodium silicate solutions to replace standard commercial
sodium silicate in geopolymer mixture design.

 The Global Sodium Silicate Market size was estimated at
USD 7,291.78 million in 2020 and expected to reach USD
7,618.46 million in 2021 and to reach USD 9,670.73
million by 2026.



SILICA APPLICATION

 RHA contain silica in the amorphous form, to produce
silica, silicon carbide, and silicon nitride. Sodium silicate
has huge demand.

* Wide application : silica gel, detergent, packaging
industries, cement of glass, pottery and stone ware, fire
proof paper, absorbents, abrasive particles, refractory,
binder for inorganic paint, preseving eggs and many other
applications
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Mega Project: Solar Power Plant To
Connect Australia and Singapore.

Australia and Singapore are working on one of the largest and most
ambitious photovoltaic projects.

Solar power plant will generate 17 to 20 GW of electricity on 12,000
hectares of dry land.

A battery storage with a capacity of 36 to 42 GWhrs.

Electricity is to be delivered to the coast via overhead lines and then to
Singapore via 3,750 km (2,343.5 miles) of high voltage DC submarine
cables at sea level.

Once completed, Singapore can meet 15% and can reduce its emissions by
6 million tonnes per year.

2027 normal operation, cost USD 26 billion for the 70 years project.

Source: ASEAN ENERGY NEWS CLIPPING 11-08-2022.
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Federation of Myanmar Engineering Societies

« "LET US START WITH UNDERSTANDING THE
PROCESS OF BIOMASS GASIFICATION & RUN
ON RIVER GENERATION"
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 Engr. Khin Maung Win (P.E, A.C.P.E)

24th Dec.,2022
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