Evaluating application methods for biomass
energy in the Mekong Delta River, Vietham
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Scope and objectives

= Scope:
— Biomass for energy

— Geographic scope: : Mekong Delta River
area (MDR)

= Objectives:
— To forecast the future energy demand

— To construct an analysis diagram on
energy (and biomass) consumption

— To determine the most potential
biomass source

— To recommend the most sustainable
application method for biomass
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Part 4:
Energy status and future demand in

Mekong Delta River

Research objectives:

1. To estimate the current energy demand
2. To forecast future energy demand

3. To find out the factors influence future energy demand
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Estimate the current energy demand
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Direct survey

» Household (2007)
— Direct interview by questionnaires

— Total: 352 household

* Long An: 109
+ Tien Giang: 115
* An Giang: 128

g * Industry (2008)
. — Direct interview by questionnairesy

— Total 117 enterprises
* Brick making: 76

* rice milling factory: 20

» Alcohol distilling: 10
* Ricedrying: 5

SOCTRANG

BACLIEU

* Sugar factory: 3

* Mushroom planting: 1 |
1
|

* Mash drying: 1



Survey results [Household]
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Energy for cooking
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Estimate energy demand for household
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Energy demand for household, 2007
(TEDRs-2007)
LPG 9.2%
Pién 9.9%
Dau 0.1%
Cooking N Biogas 3.1%
Electric (TEDcook), Tréu 8.0%
: 90.1%
' devices T i 58.4%
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Survey results [Industry]

Energy consumption Energy
Annual output
Electricity Rice husk Diesel Total demand
Unit Out | Unit | Out | Unit | Out Unit Out Unit Out PJ | %
i -3 6
Brick W/ 67| X9 | 04 |10L g g | MY 45| 1 | 34831156/ 584
making vién brick brick vién brick
rice milling | KWh/T | 24.4 - - - - MJ/T 88.0 | 10T |[18,1934| 16| 6.0
HAP - - kg/L 1.7 - - MJ/L 194 | 103L [12,835.2| 0.2 | 0.7
Rice . - | kgiT | 600 - - | MJT | 684.0| 10°T | 6,0645| 4.1|15.4
drying
Sugar kKWh/T | 20.0 - - - - MJ/T | 1,009.4| 103T | 5,105.0 | 5.2 | 19.5
PJ 6.8 19.9 0.0 26.7
Total
% 25.5 74.5 0.0 100.0

Brick kiln




Distribution of energy demand [2007]
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Data for energy demand forecast
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= Assumptions of degree of urbanization and economic growth

— CASE-1: Low
— CASE-2: Medium
— CASE-3: High

= Population of Mekong delta river: 21% of country population
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2010 2020 2030
2007

CASE-1|CASE-2 | CASE-3 | CASE-1|CASE-2 | CASE-3 | CASE-1| CASE-2 | CASE-3
Population growth (%) 1.4 1.0 2.5 4.0 1.0 25 4.0 1.0 2.5 4.0
Population (108 persons) 17.3 19.1 19.1 19.1 21.3 213 21.3 23.2 23.2 23.2
- Urban 3.6 3.8 41 4.4 4.2 5.2 6.5 4.6 6.7 9.6
- Rural 13.7 15.3 15.0 14.7 171 16.1 14.8 18.6 16.5 17.6
urban 288.5| 303.2| 3264 351.0| 418.7| 5223 | 6494 | 462.5| 668.6 | 961.3
tzgd Forrest land 355.1| 4226 4226| 4226 | 499.6| 499.6| 4996 594.2| 5942 594.2
Agriculture 3,089.3 | 3,007.1 2,983.9| 2,959.3 | 2,814.6| 2,711.0 | 2,583.8 | 2,676.2 | 2,470.1| 2,177.4
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Energy demand forecast [Household]

= For COOklng Per capita income and biomass used
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R =-0.224; P =0.019
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Energy demand forecast [Household]

= For cooking (cont)

Conventional

Stove

— Assumptions

» Energy conversion efficiency was constant

* Energy demand for cooking was 135
kgoe/household/year

« If LPG and electricity use increased, biomass use
would be decreased

Innovative

uemaenovmid sorid QI ouliua
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Energy demand forecast [Household]

» Household use electric devices
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Energy demand forecast [Household]

» Household use electric devices: Assumptions of device’s size and capacity

- TV:

- Refrigerator:

uemanounia suvd QI owleia
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2007 | 2010 | 2020 | 2030

<21in. 58.3|| 40.0| 200 0.0

Size | 51 _32in. 4.7/l 500| 600/ 60.0
(%)

> 32 in. 00| 100| 200/ 40.0

Type | CRT 100.0{| 100.0 | 60.0 || 20.0

0,
() | Lcp 0.0 0.0| 400 || 800
2007 | 2010 | 2020 | 2030
<200 L 78.8 75.0 | 70.0 60.0
200 - 399 L 21.2 25.0 |  30.0 40.0

— Washing machine (WM) and fan: constant

— Air conditioner: COP increased 2.6 in 2007 =» 4.5 and 6.0 by 2020 and 2030



Energy demand forecast [Household]

Cwemaen ounia suvd QI ewleia

= Results
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Ty lé NLSK trong téng nhu cau NL nau an
et I

Energy demand (household)
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Other fuels Energy demand (household)

- Electricity demand: 65.7 kgoe/household (2007)
= 60.4, 93.5 and 97.1 kgoe/household (2030)

- LPG demand: 60.6 kgoe/household (2007) =
56.6, 80.1 and 97.0 kgoe/household

Nhu cdu nang lwong (PJ/ndam)

- Stop using oil for cooking and other purposes 0 A B A A B P
2007 ‘ 2010 ‘ 2020 ‘ 2030 | 2007 ‘ 2010 ‘ 2020 ‘ 2030 | 2007 ‘ 2010 ‘ 2020 ‘ 2030
CASE-1 CASE-2 CASE-3
O Gas m Dién O Dau héa O Biogas B Trau @ Cui
Gas Electricity Qil Biogas Rice husk firewood
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Energy demand forecast [Industry]

Industry Main assumptions

- Innovative kiln: Reduced 30% fuels

Brick making - Brick demand: 250 brick/personl/year

- Reduce the number of simple brick: 80% = 50%

rice milling - aver electricity consumption: 24.4 kWh/T
- Alcohol demand in Vietham: pure wine 2.4L /adult
Alcohol distill
- Percentage of adult: 73.7%
Rice drying - Rice husk use: 60kg/T
- New investment or investment for improvement the co-electricity
generation system
Sugar - Selection of co-electricity generation system depends on the degree of

regional socio-economic development

> electricity consumption reduces 60kWh/T = 40, 30 and 20 kWh/tonne sugar cane

> Bagasse to produce 1 kWh electricity: 7.0, 5.0 and 3.0kqg

uemanounia suvd QI owleia



Energy demand forecast [Industry]
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SP: sugar production

CASE-1 CASE-2 CASE-3
200 2010 | 2020 | 2030 | 2010 | 2020 | 2030 | 2010 | 2020 | 2030
Ricehusk | 15.6 | 147 | 123| 99| 147| 123| 99| 147| 123| 99
Brick | diesel 00| 00| 00| 00| 00| 00| 00| 00| 00| 00
A1 KN | Electricity | 00| 09| 38| 63| 09| 38| 63| 09| 38| 63
Total 156| 15.6| 16.1| 162| 156| 161 | 162| 156| 161 | 16.2
Rice |Electricity | 16| 16| 15| 14| 15| 14| 12| 15| 12| 1.0
HAP |Ricehusk | 02| 03| 03| 03| 03| 03| 03| 03| 03| 03
RD |Ricehusk | 41| 48| 45| 35| 48| 43| 31| 47| 40| 25
SP | bagasse | 52| 99| 142| 202| 53| 76| 108| 21| 30| 43
Total 267 | 322| 366| 412| 27.5| 297| 316| 242| 246| 243
RM: Rice mill
HAP: Alcohol distill
RD: Rice drying



Energy demand forecast [use purpose]
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og
T2 90
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5
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Summary:

- Energy for cooking decreases (72.7% in 2007 & 57.0-
59.7% in 2030)

- Electricity consumption by household use device
increases (2.1 - 4.4%/year)

- Energy for brick making decrease in CASE-1,
increase in CASE-2 and CASE-3

- Energy for sugar production increases in CASE-1
and CASE-2, decreases in CASE-3

- Energy for alcohol distill is constant (almost)




Energy demand forecast [Energy type]

Nam dw bao

2030

180 CASE-1 (tang: 0.5%/nam) 180 CASE-2 (giam: 0.1%/nam)

5 150 = 150
< £
< 5 120
= 120 e
2 2
[o} :
2 9o g 90
g g
S 60 S 60
"8 g
2 30 s 30

0 0

2007 Nam dw bao 2030 2007 Nam dw bao 2030

180 CASE-3 (giam: 0.4%/nam) Pagasse Results:

E 150 Ba mia - Big change in distribution of energy demand
C
2 120 Firewood - Traditional fuels will be replaced by modern and
g clean fuels (LPG, electricity)
5 9
2 - By 2030, electricity will have a largest demand
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Part 4: Summary

= Total energy demand in MDR is 148 PJ:
— Biomass: 70.4% (thermal); electricity: 22.0%
— Mainly consumed by: household (82.0%)

= Forecast:

— Energy demand increases in CASE-1 (0.5%/year); decrease in CASE-2 (0.1%/year)
and CASE-3 (0.4%/year)

Mainly consumed by: household (81.8 — 83.8%)

Electricity consumption will rapidly increase (0.7-4.2%/year) become the main energy
by 2030 (CASE-2 and CASE-3)

» Urbanization and economic growth is the two factors that influence the energy
demand in MDR

vy ovmid sonid QI ouiua
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Part 5:
Biomass and its potential and application in
Mekong Delta River
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Introduction

Previous researches
- Energy sources: limited
- Negative environmental impacts of energy sector
- Energy use shift from biomass to LPD and electricity (part 4)

—

Energy source substitute is necessary

-

Biomass flow on regional scale is necessary

—~———

Unused biomass?

Most suitable biomass source for energy production

vy oomid QIR vun owliua



Biomass sources in Vietham

Biomass sources

P S 4 0
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Research method
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Stage

5.1. Data
preparation

1L

5.2. Estimate
theoretical
biomass
potential

1L

5.3. Forecast
biomass yield
and future use
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Method Result
Interview
- Household
- Industry —>
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Estimation of energy potential of biomass in MDR

Growth rate
2.5%lyear

350— W Human & husbandry manures

Firewood & forestry residues

O Agricultural residues

] 1%
1%

2%

Energy potential (PJ/year)

16.1% 26.9%

Agricultural biomass

Forestry biomass

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
'h;' Lo -
Trou P Ian khac PhOthoi
LoCi @an 19 CN BO
khac acthoi 5-8% 33.1% 13.6%
0.9% 9.0%
Ba mia
>-2% Cay an Ong Ln
qut rong 55

Municipal/husbandry
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Survey 2007

Rice straw
burning

/
Dispose to the river
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Biomass flow (stage 5.1&5.2)

ECONOMIC ACTIVITIES MAIN PRODUCTS/ WASTES CONSUMERS TYPES OF END USE
(T Rice husk 1)
Rice husk o i i
i radition Heat Handicraft brick
18R.;cl\(:T [TL__se2mr 1 'SSMT_’ Waste making
Rice straw : ENERGY SUPPLY
> Grate “—Heat—— : : \ —3.29MT—
c 34.57 MT —0.36MT->a$te_i ‘ Rice drying ‘ (34.7PJ)
Sugarcane Rice b
S go ca L] ice bran Direct Heat—>] il
g . 1.82 MT —0.87MT>| burning - Waste - Household cooklng‘
P~ Bagasse I
S 1.63 MT :
[ Corn cane o L— 125 MT———— Others }
o 02 MT P F—OAQMT—» : MATERIAL SUPPLY
3 0.49 MT I —112.48MT—
= 8 56MT : On-farm open (131.9PJ)
S Corn leave | b I burnin
= Cassava \ 0.38 MT 0.38MT—> | 9
g) 0.07 MT Cg):r(; |\(/:|$b L0.01MT— —O.71MT—;>‘ Fungi production }
- —————0.14MT—
Groundnuts Cassava leave | |  qomrlosl 1 82MT. : " Animal feeding } WASTES / OTHERS
0.04 MT S‘mz MT ' e ~6-05MT> (91.2PJ)
Cassava skin || youm7os _11'06MT_¢ Y Leave atfarm |
0.00 MT ) Tl \
™\ |
) Cassava waste ] h o
> Other sources 0.01 MT 0.01MT> E 0.72MT—> H\?Vaatsf‘eellﬁc'q Sugar production }
=] = .
@\ Husk & straw < |
2 Forests 0.01MT>| o Vo \
'5 0.01 MT ‘ Treat as MSW |
L | Wood product —— ENERGY SUPPLY
\_ 6,125,000m3 Y, lllegal forest exploitation, miscellaneous garden 4.72MT (70.8PJ)
( M ] \ _/
|Saw dust 0.16 MT

Cattle & dairy [—
679,800 heads

-—4.72MT—> Household cooking
_ burning
Firewood 3.12 MT ———— DY

ENERGY SUPPLY

i

Buffalo

. I — (3.8PJ)
E. 38,800 heads T Milk p ~
T© i A s 0.01 MT hold scal
s Pig il At il —0.89MTBiogas—> Household cooking (10.89MT
2 | 3,982,000 heads l Meat logas clgeslel’ & MATERIAL SUPPLY,
e w—— ! ‘* ™ (0.2PJ)
Sheep & goat | —1———|— - Fertilizent| Gardening and
174,628 heacs b B —0.04MT—(Fermentation aste ¥ crop cultvation [0 %4MT
o 1,578 Mil. eggs :
I i G | :
Poultry e — — — == — = ’m‘ 0.30MT- v 1.41MT WASTES / OTHERS
36,380,000 heads manures 123 MT Direct discharge H— (1.3 PJ)

17,415,500 heads

H Un-recoverable 1.1IMT > . =/ ~ ~
[ uman ]: manures 1.11 MT
-/
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Biomass production projection(stagem o biomace. N

Cuemaen surid QIR vume owlnug

Lwong biomass (PJ)

400
350 |
CASE-1
CASE-2
300 +
250 +
200 T Unused
biomass
150 + l
CASE-2
50 +
CASE-3
0 } } !
2000 2010 2020 2030

- 2010 - 2020: lightly increase
(1.2-1.3%/nam)

- since 2020: Decrease (5.6%,

6.5% and 9.5% in CASE-1,

CASE-2 and CASE-3)
80% unused biomass from rice
by products - for electricity
generation

1L

Low density (difficult storage)

J L

Big amount of biomass is
disposed directly into rivers
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Part 5: Summary

= Biomass depends on land use and the structure of agricultural sector

— 30% unused
— Low efficiency

=>» Pollute environment
=»Biomass consumption (especially in household) decreases (25.9 — 80.3%)

= Unused biomass:

— Lightly increase till 2020 (1.2 — 1.3%/year)
— Rapidly decrease since 2020 (5.6 — 9.5%/10 year)

» 80% unused biomass from rice by products = electricity generation

Cuemaen surid QIR vume owlnug
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Part 6

Solutions for sustainable use of biomass in

Mekong Delta River
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Introduction
Rapid increase in About 170 — 200PJ Limitation in
electricity demand agricultural by products electricity
(0.7-4.2%lyear) (P. 4) can be used for supply
electricity generation
(P. 5)

Lack of an on- Economic benefits has not yet Lack of
operation system improved information

and tech*

Research objectives:

1. To recommendation on biomass use methods
2. To evaluate the feasibility and sustainability of methods

3. To determine the most appropriate method for MDR

vy QERR s vume owlng

*Source: Bergvist, 2008



Research scope and location

Energy demand
in study area

Selection of conversion

Selection of technologies

site for
_> . .
scenario Biomass source Identify the evaluation
SCENARIO development for energy y o
DEVELOPMENT production indicators

A 4

BAU scenario

System design [«

~~ ' :

SCENARIO EVALUATION

~>

CONCLUSIONS and RECOMMENDATIONS

Alternative scenarios

Socio-economic data, 2007

=34

3
e
" MEKONG Unit Cho An Mekong
DELTA moi Giang Delta
Population 103 per. 369.4 2,2311 | 17,256.0
GDP/capita 103 VND N/A 11,880.5 | 11,329.0
<4—— Huyén
Cho Moi Land area km? 369.6 3,536.8 | 40,602.0
Hoa An — Rice area 103 Ha 47.4 520.3 | 3,683.1
Hoa Binh
Rice yield 102 T 289.5 3,142.9 | 18,705.7




Unused agricultural by products

vy QERR s vume ol

Estimated based on assumptions in Part. 5
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Unit: 1000 T
Supply Demand Unused
Rice Rice Total Rice Rice Total Rice Rice Total
""" CThusk " T straw™ [~~~ "~ 7|"hasSKk 7| straw ~|" """~ "[ "Husk " [ straw™ |~~~ ~ 7
-2007 _|__2034| 2200 __4234|_ 1613 __ 220 _183.3 |___42.0[ _198.0 | _ 240.0
2010 213.5 253.5 467.0 151.4 254 176.8 62.1 2281 290.3
- 2020- - - 189:9 {+ - 225.5 1 - -4164—|- -126.8 - - -22:6-|- - 448-3-|- - -64-2 - - 202.9 | - -267.1
-2030 _|__135.0| _16Q3[__2953|_1008 __16.0__116.9_|__ _34.2 | _144.2 | _ 1784




I Page » 36

Biomass conversion techs*

l ——————————————————
1
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Source: *Faaji, 2006
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System design

Treat as municipal
solid wastes
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Technique parameters*®
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(VND/kWe)

D - S

SC-A SC-B SC-C
Economic parameters
- investment cost— (103 VND/kWHh) (1) 17,575.6 15,484.9 31,998.7
- Operation and maintenance (OM) 16.7 13.2 3.2
- Fuel (103 VND/T biomass) (F) 100.0 100.0 100.0
g 3 i
Fuel transport (102 VND/T biomass/km) 20 2.0 2.0
(FT)
- CHP (VND/kWe) 0.0 -7.0 -11.7
- RHA (VND/kWe) 0.0 0.0 -323.7
- SBC (103 VND/T straw) 1,672.0 1,672.0 1,672.0
Aver electricity production cost 750.3 624.2 200.7

Source: *Berqgvist, 2008




Analysis and evaluation methods

= Expense for fuel - SC.UE
(VND/MJ )

S EC, + Y ET, — BE
SCUE == =
> DUE,
i=1

= GHGs emission — TEm (TCO,_,)

TEm =Em._ + Em

ISFC -t

+ Em + Em — Em

ISFT -t SOB-t ES-t

vy QRIS vume owlnig

4

4 Total expenses for using fuel i in year t
EC, =ED, x SEC,
Total expenses for transporting fuel i in year t
ET. =ED, xTrans.cost, x FT.
Benefit from electricity selling in year t

BE, =(E ED ED,. )xE

biomass—t RS—et SP

Usable energy demand of fuel i in year t

\ DUE, =ED, x LHV, x p

f GHG emission from Eesidential sector in year t

EmRS—t ™ ZSEFRS—it XEDRS—it X HHt
i1

GHG emission from fuel consumption in ind. sector in year t
n m
Em 3 ZZSEFISFC—ikt X EDIS—ikt X Prkt
i=1 k=1
GHG emission from fuel transportation in ind. sector in year t

EmISFT—t = iiSEFISFTikt X DiStikt X Prkt

ISFC-t

i=1 k=1
GHG emission from rice residue open burning in year t
EMgys . = Rop s X SER,

GHG reduction due to the replacement of grid-based electricity

K ErnES :(Ebiomas&t . EDRS—et B E[)'S‘et)x(SEFe—grid — SEF
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e—biomass)



Phwong phap phan tich va danh gia cac phwong an

vy QRIS vume owlnig

= GHG accumulated— TEM 5cymmuiated (TCO2.64)

TEmM =

Acummulated

t=2007

2030

> TEm,

= GHG emission— TEm.UE (VND/gCO,_)

TEMUE, =—

TEmM
Z DUE,
i=1

t

* GHG- MC.GHG (VNDI/TCO, ,.quced)

SCUE

M C G H G = Alternatives SC U E

Base

TEmUE

Base

—TEmUE

Alternatives
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Analysis and evaluation

» GHG- MC.GHG (VNDI/TCO, ,cguced)
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Analysis and evaluation

= Total emission GHG — TEm (TCO,_,)

40 Lightly decrease 0.5%/year
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Analysis and evaluation

» GHG accumulated — TEM 5 . mulated (TCOZ_eq)

GHG tich liiy
(kTCOZ-eq)

BAU A50 A75 A100 B50 B75 B100 C50 C75 C100

Phwong an nghién ctru

@ Accumulated GHG emissions [ Potential of GHG reduction
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Analysis and evaluation

= TEm.UE (VND/gCO,_,,)

- Larger scale system =

smaller TEm.UE value

2007 2012 2017 2022 2027

Giai doan dw bao

9
daydeyn
Phat thai GHG riéng (g CO2.ea/MJue)



Analysis and evaluation

= Summary (average, 2007-2030)
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Index

BAU

SC.UE (VND/MJ,¢)

TEm.UE (gCOz_eq/MJUE)

MC.GHG (VND/gCO, )

9
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Analysis and evaluation

= Eco-environmental benefits
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Part 6. Summary

» All methods: SC.UE va TEm.UE is smaller than BAU (10.4 — 70.2% and 20.5
—102.1%) = MC.GHG <0 (-361.4 — -2127.2)

» The larger amount of by products use = The higher economic environmental

benefits

= Biomass use ratio;:

— Medium scale systems higher efficiency (compared with small scale)

— LPG tech has lower GHGs emission (7.2 — 10.4%) but higher production cost (37.2 —
45.1%) than Gas turbine tech.

vy QRIS vume owlnig



Conclusions and suggestion
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Conclusions

» Recent and future energy demand in MDR

— Mainly influenced by urbanization and economic growth

— Electricity demand
* Increase 0.7 — 4.2%l/year

» Has highest demand in the future (21.7-52.6%) by 2030

. = Biomass flow:
— Abundant sources of biomass
| I « Agricultural by products (77.2%)

* Wood by products (21.2%)

* Husbandry waste (1.6%)

— 30% biomass: unused
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Conclusions

» Highest potential source for electricity production

— Agricultural by products (rice husk, rice straw)

= Solutions for sustainable use of biomass:
— Medium scale systems higher efficiency (compared with small scale)

— LPG tech has lower GHGs emission (7.2 — 10.4%) but higher production cost (37.2 —
45.1%) than Gas turbine tech.

— Determination of the application technology depends on the socio-eco-environment
conditions of each region
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Recommendation

= Electricity price strongly influence the economic effectiveness of solutions

- Electricity price (biomass generated): 750.3, 624.2 and 290.7 VND/kWh, 19.3-68.7%
Lower than current price

- No official decision or policies on purchase electricity from small power plants - difficult
in prove the economic effectiveness of the project

=>» Proper polices are required in order to:
=>» Buy electricity from small plant

=> Invest and construct biomass electricity power plants

= Control the urbanization and economic growth to guarantee the input for biomass
electricity plants



Thank you!
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