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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: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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4.1. CHUẨN BỊ  
SỐ LIỆU

4.2. ƯỚC TÍNH 
LƯỢNG NĂNG 
LƯỢNG TIÊU 
THỤ HIỆN TẠI 

4.3. DỰ BÁO NHU 
CẦU TIÊU THỤ 
NĂNG LƯỢNG

4.4. THẢO LUẬN

CÁC BƯỚC NGHIÊN CỨU CHÍNH

Khảo sát sử dụng bảng câu hỏi

KẾT QUẢ DỰ KIẾN
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Lò gạch

Xay xát

Nấu rượu
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Direct survey



 
Household (2007)
–

 

Direct interview by questionnaires

–

 

Total: 352 household
•

 

Long An: 109

•

 

Tien Giang: 115

•

 

An Giang: 128



 
Industry (2008)
–

 

Direct interview by questionnaires

–

 

Total  117
 

enterprises
•

 

Brick making: 76

•

 

rice milling factory: 20

•

 

Alcohol distilling: 10

•

 

Rice drying: 5

•

 

Sugar factory: 3

•

 

Wooded-furniture making: 1

•

 

Mushroom planting: 1

•

 

Mash drying: 1
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Survey results [Household]

Phân bổ năng lượng cho nấu ăn
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Household use electric devices



Page  8

Estimate energy demand for household

 6106.3   tdevicestcooktRS TEDTEDTED

Thiết bị điện

LPG 9.2%

Điện 9.9%
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Trấu 8.0%

Củi 58.4%

Nấu ăn 
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Tổng nhu cầu năng lượng cho hộ gia đình, 2007 
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Energy consumption
Annual output Energy 

demandElectricity Rice husk Diesel Total

Unit Out Unit Out Unit Out Unit Out Unit Out PJ %

Brick 
making

W/ 
viên 6.7 kg/ 

brick 0.4 10-3L/ 
brick 1.1 MJ/ 

viên 4.5 106

 
brick 3,483.1 15.6 58.4

rice milling kWh/T 24.4 - - - - MJ/T 88.0 103T 18,193.4 1.6 6.0

HAP - - kg/L 1.7 - - MJ/L 19.4 103L 12,835.2 0.2 0.7

Rice 
drying - - kg/T 60.0 - - MJ/T 684.0 103T 6,064.5 4.1 15.4

Sugar kWh/T 20.0 - - - - MJ/T 1,009.4 103T 5,105.0 5.2 19.5

Total
PJ 6.8 19.9 0.0 26.7

% 25.5 74.5 0.0 100.0

Survey results [Industry]

Brick kiln Rice drying rice milling
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Distribution of energy demand [2007]
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Data for energy demand forecast


 

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

2007
2010 2020 2030

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 2.5 4.0 1.0 2.5 4.0

Population (106

 

persons) 17.3 19.1 19.1 19.1 21.3 21.3 21.3 23.2 23.2 23.2

- Urban 3.6 3.8 4.1 4.4 4.2 5.2 6.5 4.6 6.7 9.6

-

 

Rural 13.7 15.3 15.0 14.7 17.1 16.1 14.8 18.6 16.5 17.6

Land 
use

urban 288.5 303.2 326.4 351.0 418.7 522.3 649.4 462.5 668.6 961.3

Forrest land 355.1 422.6 422.6 422.6 499.6 499.6 499.6 594.2 594.2 594.2

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 cooking

•

 

Capita income (ICt )

a, b: Hằng số

GDP2006 : GDP bình quân đầu người năm 2006 (VND/ng/năm)

t : Tăng trưởng

 

GDP vào năm t (%)

•

 

Household size (t-MD )

t and

 

MD-t : Quy mô hộ

 

gia đình

 

(người/hộ)

1.04: Hệ

 

số

 

chuyển đổi

 

 từ

 

cấp độ

 

quốc gia  vùng

c, d, e: Hằng số, được ước

 

tính bằng phương pháp bình 
phương nhỏ

 

nhất

Wt

 

: Tỷ

 

lệ

 

phụ

 

nữ

 

trong độ

 

tuổi 20 –

 

49 (người)

Yt

 

: Dân số

 

trẻ

 

trong độ

 

tuổi 0 –

 

19 (người)

Et

 

: Dân số

 

già

 

trên 50 tuổi (người)

–

 

R đa biến = 0.77; R2

 

= 59.0%; R2
adj

 

= 58.54%; 
P = 0.000

Per  capita income and biomass used
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For cooking (cont)

–

 

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

B
a
ck

g
ro

u
n

d
C

h
a
p

te
r 

4
C

o
n

clu
sio

n
s

C
h

a
p

te
r 

5
C

h
a
p

te
r 

6

Conventional 
Stove

Biogas stoveInnovative 
stove

P
h
ần

 m
ở
 

đ
ầu

P
h
ần

 4
K
ế
t lu

ận
P

h
ần

 5
P

h
ần

 6

Energy demand forecast [Household]
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Household use electric devicesB
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Energy demand forecast [Household]
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Household use electric devices: Assumptions of device’s size and capacity

–

 

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

–

 

Washing machine (WM) and fan: constant 

-

 

Refrigerator:

–

 

TV : 2007 2010 2020 2030

Size 
(%)

< 21 in. 58.3 40.0 20.0 0.0

21 –

 

32 in. 41.7 50.0 60.0 60.0

> 32 in. 0.0 10.0 20.0 40.0

Type 
(%)

CRT 100.0 100.0 60.0 20.0

LCD 0.0 0.0 40.0 80.0

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
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Energy demand forecast [Household]
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Tỷ lệ NLSK trong tổng nhu cầu NL nấu ăn
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25.9% 

Other fuels

-

 

Electricity demand: 65.765.7

 

kgoe/household (2007)  
 60.4, 93.560.4, 93.5

 

and 97.197.1

 

kgoe/household (2030)

-

 

LPG demand: 60.660.6

 

kgoe/household (2007) 

 
56.6, 80.156.6, 80.1

 

and 97.097.0

 

kgoe/household

-

 

Stop using oil for cooking and other purposes

CASE-3 
(1.6%)

CASE-2 
(1.5%)

CASE-1 
(1.4%)

Tổng nhu cầu năng lượng cho hộ gia đình
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69.8%  80.3% 



 

Results
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Energy demand forecast [Household]

Energy demand (household)

Energy demand (household)

Gas        Electricity       Oil            Biogas       Rice husk         firewood
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Industry Main assumptions

Brick making

-- Innovative kiln:Innovative kiln:

 

Reduced 30% fuels

- Brick demand: 250 brick/person/year250 brick/person/year

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

rice milling - aver electricity consumption: 24.4 kWh/T24.4 kWh/T

Alcohol distill
- Alcohol demand in Vietnam: pure wine 2.4L /adult2.4L /adult

- Percentage of adult: 73.7%73.7%

Rice drying - Rice husk use: 60kg/T60kg/T

Sugar

-

 

New investment or investment for improvement the co-electricity 
generation system

-

 

Selection of co-electricity generation system depends on the degree of 
regional socio-economic development



 

electricity consumption reduces 60kWh/T60kWh/T

 

 40, 30 and 20 kWh/tonne sugar cane40, 30 and 20 kWh/tonne sugar cane



 

Bagasse

 

to produce 1 kWh electricity: 7.0, 5.0 7.0, 5.0 and 3.0kg3.0kg
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Energy demand forecast [Industry]
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2007
CASE-1 CASE-2 CASE-3

2010 2020 2030 2010 2020 2030 2010 2020 2030

Brick 
kiln

Rice husk 15.6 14.7 12.3 9.9 14.7 12.3 9.9 14.7 12.3 9.9

diesel 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Electricity 0.0 0.9 3.8 6.3 0.9 3.8 6.3 0.9 3.8 6.3

Total 15.6 15.6 16.1 16.2 15.6 16.1 16.2 15.6 16.1 16.2

Rice Electricity 1.6 1.6 1.5 1.4 1.5 1.4 1.2 1.5 1.2 1.0

HAP Rice husk 0.2 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3

RD Rice husk 4.1 4.8 4.5 3.5 4.8 4.3 3.1 4.7 4.0 2.5

SP bagasse 5.2 9.9 14.2 20.2 5.3 7.6 10.8 2.1 3.0 4.3

Total 26.7 32.2 36.6 41.2 27.5 29.7 31.6 24.2 24.6 24.3

RM: Rice mill

HAP: Alcohol distill

RD: Rice drying

SP: sugar production
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Energy demand forecast [use purpose]

CASE-1 (tăng: 0.5%/năm)
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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)
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CASE-1 (tăng: 0.5%/năm)
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Results:

-

 

Big change in distribution of energy demand

-

 

Traditional fuels will be replaced by modern and 
clean fuels (LPG, electricity)

-

 

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
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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

Unused biomass? 

Most suitable biomass source for energy production

Biomass flow on regional scale is necessary
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Biomass sources in Vietnam

Source: Chau, 2005

Biomass sources

Wood by product

N
atural Forest

Planted forest

Scattered trees

W
ood production by product

O
thers

Husbandry

H
ousehold

Farm
house

Agriculture

Post harvest w
aste

Post process w
aste

Waste

W
aste

Sludge
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Thay đổi
nhu cầu

Thay đổi
nguồn cung

Research method

5.1. Data 
preparation

Stage Method Result

5.2. Estimate 
theoretical 

biomass 
potential

5.3. Forecast 
biomass yield 
and future use 

5.4. Discussion and recommendation

Interview
- Household
- Industry

Phế

 

thải nông nghiệp

  
  910crtcrcrtar LHVAPRPREP

Gỗ

 

thải
  

  910iwttwr LHVYWPEP

Biến động số

 

lượng vật nuôi

Chuyển đổi sử

 

dụng đất

Biến động năng suất cây trồng

Thay đổi

 

đối với hộ

 

gia đình

Thay đổi trong sản xuất CN
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U
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fa
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Chất thải sinh hoạt và

 

chăn nuôi

   
  910banmanmtanmtm LHVYVSDMREP

365  anmtanmanmtanm RFNADMDMR
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Survey 2007 (Stage 5.1)
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Estimation of energy potential of biomass in MDR

Ph� th�i 
CN
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Rice straw 
burning

Rice drying

Ceramic kiln Dispose to the river

Survey 2007
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Biomass flow (stage 5.1&5.2)
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Big amount of biomass is 
disposed directly into rivers

Biomass production projection(stage 5.3)
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Low density (difficult storage)

Unused 
biomass

Unused biomass:
-

 

2010 -

 

2020: lightly increase 
(1.2-1.3%/năm) 
-

 

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
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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
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Part 6
 Solutions for sustainable use of biomass in 

Mekong Delta River
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Introduction

About 170 –
 

200PJ 
agricultural by products 

can be used for 
electricity generation 

(P. 5)

IDEA ON ELECTRICITY GENERATION FROM BIOMASS

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

Rapid increase in 
electricity demand 

(0.7-4.2%/year) (P. 4) 

Limitation in 
electricity 

supply

Economic benefits has not yet 
improved

Lack of an on-
 operation system 

Lack of 
information 
and tech*

*Source: Berqvist, 2008
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Research scope and location

Tỉnh
AN 

GIANG

MEKONG 
DELTA

Hoa

 

An –

 
Hoa

 

Binh

Huyện

 
Cho Moi

Socio-economic data, 2007

Unit Cho 
moi

An 
Giang

Mekong 
Delta

Population 103

 

per. 369.4 2,231.1 17,256.0

GDP/capita 103

 

VND N/A 11,880.5 11,329.0

Land area km2 369.6 3,536.8 40,602.0

Rice area 103

 

Ha 47.4 520.3 3,683.1

Rice yield 103

 

T 289.5 3,142.9 18,705.7
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Unused agricultural by products

Supply Demand Unused

Rice 
husk

Rice 
straw

Total Rice 
husk

Rice 
straw

Total Rice 
husk

Rice 
straw

Total

2007 203.4 220.0 423.4 161.3 22.0 183.3 42.0 198.0 240.0

2010 213.5 253.5 467.0 151.4 25.4 176.8 62.1 228.1 290.3

2020 189.9 225.5 415.4 125.8 22.6 148.3 64.2 202.9 267.1

2030 135.0 160.3 295.3 100.8 16.0 116.9 34.2 144.2 178.4

Unit: 1000 T

Estimated based on assumptions in Part. 5P
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Biomass conversion techs*

Source: *Faaji, 2006
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System design
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Technique parameters*

SC-A SC-B SC-C

Economic parameters

-

 

investment cost–

 

(103

 

VND/kWh) (I) 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

-

 

Fuel transport (103

 

VND/T biomass/km) 
(FT) 2.0 2.0 2.0

-

 

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 
(VND/kWe) 750.3 624.2 290.7

Source: *Berqvist, 2008
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Analysis and evaluation methods



 

Expense for fuel –
 

SC.UE 
(VND/MJUE

 

)



 



 


 n
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it

n
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n
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t

UED

BEETEC
UESC

1

1 1

.
.

Total expenses for using fuel i in year t

ititit SECEDEC 
Total expenses for transporting fuel i in year t

iititit FTtTransEDET  cos.
Benefit from electricity selling in year t

  SPetISetRStbiomasst EEDEDEBE  

Usable energy demand of fuel i in year t

 iitit LHVEDUED.



 

GHGs
 

emission –
 

TEm (TCO2-eq

 

)
GHG emission from residential sector in year t

titRS

n

i
itRStRS HHEDSEFEm  


 

1

GHG emission from fuel consumption in ind. sector in year

 

t


 

 
n

i

m

k
ktiktISiktISFCtISFC EDSEFEm

1 1
Pr

GHG emission from fuel transportation in ind. sector in year t


 

 
n

i

m

k
ktiktiktISFTtISFT DistSEFEm

1 1
Pr

GHG emission from rice residue open burning in year t

SOBtOPtSOB SEFREm  

tISFCtRSt EmEmTEm  

tEStSOBtISFT EmEmEm  

GHG reduction due to the replacement of grid-based electricity
   biomassegrideetISetRStbiomassES SEFSEFEDEDEEm  
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Phương
 

pháp
 

phân
 

tích
 

và
 

đánh giá
 

các
 

phương
 

án



 

GHG accumulated–
 

TEmAcummulated (TCO2-eq

 

)
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Analysis and evaluation
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GHG accumulated –
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)

-

 

Larger scale system 

 smaller TEm.UE value
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Summary (average, 2007-2030)

Index BAU
SC-A SC-B SC-C

A50 A75 A100 B50 B75 B100 C50 C75 C100

SC.UE (VND/MJUE

 

) 84.6 75.8 73.3 71.0 62.1 57.0 52.0 48.8 36.9 25.2

TEm.UE (gCO2-eq

 

/MJUE

 

) 43.0 34.2 20.6 5.2 24.9 11.2 -6.0 26.2 13.6 -0.9

MC.GHG (VND/gCO2-eq

 

) -1,005.8 -505.2 -361.4 -1,239.9 -870.8 -666.7 -2,127.2 -1,621.5 -1,354.9

Analysis and evaluation
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Energy cost saving potential (VND/MJUE)
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Part 6. Summary



 
All methods: SC.UE và

 
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.
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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%/year

•

 

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



 
Biomass flow:

–

 

Abundant sources of biomass

•

 

Agricultural by products (77.2%)

•

 

Wood by products (21.2%)

•

 

Husbandry waste (1.6%)

–

 

30% biomass: unused 

P
h
ần

m
ở

đ
ầu

P
h
ần

4
K
ế
t

lu
ận

P
h
ần

5
P

h
ần

6



Page  50



 
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
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Thank you!Thank you!
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