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ABSTRACT: Vietnam has a huge potential for
biomass energy development, with a total potential
of up to 50 million tons of oil equivalent (TOE). The
crucial biomass sources include wood and forest by-
products with agricultural and urban waste. Of
which, agricultural waste such as straw, bagasse,
and manure accounts for about 30% of the total
potential and is equivalent to 15 million TOE.
Biomass energy is employed to produce electricity
from biomass power plants. According to the
Ministry of Industry and Trade, Vietnam has 16
biomass power plants with a total installed capacity
of 200 MW. To encourage the development of
biomass power projects, the Government of
Vietnam has issued decisions on electricity purchase
price mechanisms and specific supports related to
the development of biomass power projects. The
study uses the UNFCCC baseline method to
calculate the estimated greenhouse gas emission
reduction for a 20 MW biomass power project from
rice straw in Hau Giang. The results show that the
project brings significant emission reduction
efficiency compared to traditional energy sources.
At the same time, when participating in the carbon
certificate market, the emission reduction from this
biomass power project will bring significant
revenue. Analysis of typical projects using
agricultural by-products helps policymakers and
investors have the necessary and most effective
information.

KEYWORDS: Biomass, greenhouse gas emissions,
emissions trading, greenhouse gases, rice straw
power generation.

I. INTRODUCTION
Biomass energy is becoming one of the
important renewable energy sources, contributing to

reducing dependence on fossil fuels and lowering
greenhouse gas emissions. With abundant biomass
resources from agricultural and forestry by-
products, organic waste, and dedicated energy crops
such as straw, rice husks, bagasse, coffee husks,
coconut fiber, wood, and wood residues, Vietnam
possesses a substantial biomass potential for the
development of energy extraction and production,
particularly electricity generation. The total
agricultural waste volume is estimated at 78.75
million tons, including 44.97 million tons of straw,
8.99 million tons of rice husks, 5.96 million tons of
bagasse and 18.83 million tons of other agricultural
by-products. Regarding energy wood, the total
production is approximately 7.05, 7.45, 9.01 and
3.71 million tons from natural forests, planted
forests, scattered trees, and other cultivated trees,
respectively. In addition, wood residues from wood
processing plants  (sawmills and  furniture
manufacturing) are estimated at 5.35 million tons, of
which 4.46 million tons are wood by-products and
0.89 million tons are sawdust [1]. According to a
study by the Institute of Energy within the
framework of drafting the Power Development Plan
VI (April 2022 version), the technical potential of
biomass power integrated into Vietnam’s national
grid is 6,981 MW, equivalent to an annual output of
30,673 GWh.

Among these, in addition to firewood, rice
husks—a by-product of rice production—play a
crucial role as a highly potential biomass fuel
source. Vietnam is one of the world's leading rice
exporters, generating an abundant supply of rice
husks that can be utilized for thermal power
generation, biomass pellets, or as raw materials for
energy processing industries. The use of rice husks
not only helps reduce environmental pollution from
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agricultural waste but also brings significant
economic value.

Furthermore,  the  biomass  energy
development strategy outlined in the Power
Development Plan VIII aims for biomass power to
reach a capacity of 2,270 MW by 2030, accounting
for 1.5% of the national power structure, and 6,015
MW by 2050, making up 1.0-1.2% [3]. Since 2014,
the government has implemented specific policies to
support biomass energy development [4], with
adjustments made in 2020 to further facilitate
investment in grid-connected biomass power
projects [5]. However, biomass energy development
in Vietnam still faces numerous challenges related
to technology, policy, and market dynamics.
Research and the application of new technologies in
biomass collection, conversion, and utilization have
made significant progress, contributing to improved
efficiency and economic viability of biomass energy
systems.

In major rice-producing provinces such as
An Giang, Dong Thap, and Tien Giang, if rice
milling clusters utilize rice husks for electricity

generation, it would be possible to establish more
than 100 power plants with capacities ranging from
500 kW to 20 MW. Each plant with a capacity of 10
MW can consume approximately 80,000-90,000
tons of rice husks per year, significantly reducing
the amount of husk waste discharged into rivers and
canals, thereby mitigating environmental pollution
[6]. Rice husk power plants can be built directly at
milling clusters, where the generated heat can also
be used for rice drying through steam processing.
Additionally, rice husk ash from power plants can
be sold to fertilizer, cement, and metallurgical
industries. This paper focuses on analyzing the
emission reduction benefits and other economic
advantages of biomass energy development in
Vietnam. Specifically, we conduct calculations for
the Hau Giang Biomass Power Project, with a
capacity of 20 MW [13], utilizing rice husks as fuel
and located in An Giang. Based on these findings,
we propose several solutions to promote the
sustainable development of biomass energy,
contributing to Vietnam’s green energy transition.

® Firewood, wood
m Bagasse
Rice husk
m Straw
= Other sources

Figure 1. Biomass Potential in Vietham [2]

1. MATERIALS AND METHODS
2.1. Materials
A biomass power plant (or biomass
thermal power plant) is a type of power plant that
generates electricity using biomass fuel, which is
either burned or undergoes biochemical reactions
in a combustion chamber to produce thermal

energy. This thermal energy is used to convert
water into steam, which then drives a turbine to
generate electricity. The generated electricity can
be used to supply households, businesses, or be
integrated into the national grid. The process of
generating electricity from biomass fuel consists of
four main stages, as illustrated in Figure 2 below:
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Figure 2. Biomass Power Generation Technology Process [2]

Storage and Preparation of Biomass
Materials: The storage area for biomass materials
must be large enough to ensure a minimum supply
for one week of operation. Biomass materials are
easily affected by climatic conditions such as
humidity.

Combustion and Gasification Process:
Depending on the capacity and type of feedstock
used, biomass is converted into thermal energy
through either combustion or gasification.

In the combustion process, biomass is
burned in a boiler to generate superheated steam,
which is then directed to the steam turbine system.
The steam turbine drives a generator to produce
electricity. Lower-pressure steam can be extracted
from turbine outlets or the final exhaust of the
turbine. This low-pressure steam can be recovered
for other industrial applications.

Gasification: The gasification process is
less common than combustion. In gasification,
solid biomass is converted into gas under extremely
low oxygen conditions, producing a gas mixture
consisting of CO, CO,, N,, C;H,, H, and HO.
After the gasifier, the combustible gas generates
electricity through gas engines such as internal
combustion engines, turbines, or external
combustion engines, as well as thermoelectric
generators. Additionally, the gas can be directly
converted into electricity using solid oxide fuel
cells.

Boilers and Steam Turbines: Combustion
technology is widely applied for power generation
across all capacities and fuel types. The boiler is
one of the most critical components in the
electricity generation process. It facilitates the
combustion of biomass to produce heat, which is
then used to generate superheated steam at high
pressure and high boiling temperatures.

Steam Turbine: The steam turbine
converts thermal energy into mechanical energy to
drive the generator. The steam exiting the turbine
and the exhaust gases from the tailpipe, which have
low temperature and pressure, are typically
collected by a condensation system and
recirculated back into the boiler. Electricity
generation using a steam turbine system typically
achieves an efficiency of 20% to 40%.

Gasification and  Prime  Movers:
Gasification technology is not as widely adopted as
combustion technology. It is typically used in
systems with small to medium capacities, generally
below 10MW or ranging from 10 to 50MW.
During the gasification process, light elements
evaporate, and crude synthetic gas is produced
from the decomposition of biomass in the initial
stage of gasification. There are two main
gasification technologies: fixed-bed and fluidized-
bed gasifiers, with their characteristics presented in
Table 1.
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Table 1. Gasification Technology [2]

No | Type Fixed gasification system

Fluidized-Bed Gasification System

Updraft Feeding

1| Technology | 5o ndraft Feeding

Bubbling Fluidized Bed
Circulating Fluidized Bed
Entrained Flow

Technology | High flexibility for gas utilization

Low flexibility for gas utilization

Features Slow heating Fast heating, easy startup and shutdown
3 Biomass High ash content Wide variety of feedstock
Fuel Large particle size Diverse particle sizes
4 | Capacity Low (below 10MW) Medium (10-50MW)
5 Ga§ification Low Medium
Efficiency
6 Gas Quality | Relatively clean, 200-700°C High dust content, 800-1200°C

Main Gas Engines (Power Generators):
Technologies are continuously being improved,
with efficiencies ranging from 10% to over 60%.
Internal combustion engines and gas turbines are
the most commonly applied types for both small-
and large-scale systems.

Other Equipment: In addition to the
aforementioned devices, biomass power systems
may utilize auxiliary equipment, including pumps,
fans, conveyors; pipelines, valves; pressure and
temperature control devices; energy-saving units;
exhaust gas treatment systems; and water treatment
systems.

2.2. Methods

This study focuses on assessing the
greenhouse gas emission reduction potential of the
Hau Giang 20MW biomass power plant project
using the avoided carbon assessment method.
Based on this, we evaluate the project's carbon
emission reduction potential. Subsequently, we
conduct an economic efficiency assessment of the
benefits gained from carbon emission reduction.
Methodological tool: Project and leakage emissions
from biomass [7][8]

Tool 16 is used in the Clean Development
Mechanism (CDM) to calculate project emissions
(PE) and leakage emissions (LE) in biomass-based
projects, including dedicated biomass cultivation
and biomass residues. This method applies to
projects such as:

1. Electricity generation from biomass.
2. Heat or other energy production from biomass.
3. Biofuel production.

Carbon credits (CERs) are determined
based on the amount of CO, reduced per year, and
the market price of carbon credits is based on the
Kyoto Protocol Clean Development Mechanism
(CDM)

Hau Giang 20 MW Biomass Power Plant: Detailed
Information

Hau Giang is an agricultural province,
with over 86% of its land dedicated to agriculture.
The annual rice cultivation area exceeds 177,000
hectares, yielding over 1.1 million tons.
Specifically, in the Winter-Spring 2023-2024
season, the sowing area reached more than 74,000
hectares, with an estimated yield of nearly 600,000
tons.[9]

The Hau Giang Biomass Power Plant
commenced construction on December 15, 2022, in
Thuan An Ward, Long My Town, Hau Giang
Province. The project has a total investment of over
875 billion VND, with a designed capacity of 20
MW. It is developed by HBE and consists of two
independent units (each 10 MW), two boilers, two
turbines, two generators, and common auxiliary
facilities. The plant is built on an area of
approximately 10-11 hectares.

o T —

Figure 3. Peréﬁective Design of Hau Giang
Biomass Power Plant [11]

The plant utilizes traditional condensing
steam turbine technology, running on biomass fuel
with carbon-neutral and environmentally friendly
properties (primarily rice husks). The fuel is
transported via a dedicated port system that allows
vessels of up to 300 tons to dock for fuel delivery.
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A steam turbine is a device used to
convert thermal energy generated from high-
pressure steam into mechanical energy, causing the
rotor shaft to rotate. This shaft is connected to a
generator to produce electricity. The schematic
diagram illustrating the technology used in the
plant is presented in Figure 4 below.

Flgure 4. Schematic Design of Tradltlonal
Condensing Steam Turbine [12]

Each year, the plant will consume
approximately 130,000 tons of rice husks,
contributing to a stable market for local farmers
and rice milling businesses. It is expected to
generate around 125 GWh of electricity annually,
meeting the power needs of approximately 93,000
households. Additionally, the project will create
numerous job opportunities for local workers
during both the construction and operation phases
of the plant [10].

2.3. Theoretical background

According to the UNFCCC Tool 16 document, the
sources of emissions in the value chain of a
biomass project include:

prm——\
Blomass transportation ( Blomass end-
(PEyr,) user
Biomass Procuud Nomm
Blomass Blomass ptoceulng

Processed biomass

: Biomass
Biomass residues Residues transportation
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Figure 5. Diagram of the project's emission sources integrated into the tool [7]
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Project Emissions - PE

Table 2. Major Emission Sources

Symbol Description Unit

PEBC)y | Emissions from dedicated biomass cultivation tCOye
PEBT)y | Emissions from biomass transportation tCOse
PEBRT,y | Emissions from by-product biomass transportation tCOse
PEBP,y | Emissions from biomass processing tCOse
PEBRP,y | Emissions from by-product biomass processing tCOse

We have the equation for total emissions:

PEy=
PEBC,y+PEBT,y+PEBRT,y+PEBP,y+PEBRP,yPE
y

= PEBC)y + PEBT,y + PEBRTy + PEBP)y +
PEBRP,yPEy

= PEBC,y+PEBT,y+PEBRT,y+PEBP,y+PEBRP,y
Leakage - LE

Emission leakage refers to the amount of emissions
occurring outside the project boundary, primarily
due to the following causes:

Table 3. Main Causes of Emission Leakage

Symbol Description Unit

LEBC,y Leakage due to land-use change tCOse

LEBR,Div,y | Leakage due to the diversion of biomass residues tCO,e

LEBRTy Lea_kage due to biomass transportation outside the {COe
project

LEBRP,y Leakage due to biomass processing outside the project | tCO,e

We also have the equation for the total emission
leakage as follows:

LEy =
LEBC,y+LEBR,Div,y+LEBRT,y+LEBRP,yLE ¥y
= LEBCy + LEBRDivy + LEBRTy +
LEBRP,yLEy
=LEBC,y+LEBR,Div,y+LEBRT,y+LEBRP,y

Emission Calculation Methodology
Baseline Scenario (BE_y)

The method for calculating emissions
under the baseline scenario (BE_y) is based on the
amount of electricity or energy that the project will
replace, using the grid emission factor (EF_grid),
and is determined by the following general
formula:

BE_y = E x EFgrid

Where:

BE_y: CO, emissions under the baseline scenario
(tCOy/year)

E: Annual electricity generation from the biomass
power project (MWh/year)

EFgrid: Grid emission factor (tCO,/MWh)

This formula calculates the amount of
CO; that the national power grid would emit if the

corresponding electricity generated by the biomass
power project were replaced by grid electricity,
which primarily comes from fossil fuels such as
coal, oil, and gas.

Emissions from biomass transportation (PEBT,y,
PEBRT.y)

Emissions from biomass transportation are
calculated based on fuel consumption using the
following formula:

PEBTY =FC x EF_fuel

Where:

FC: Fuel consumption (liters of diesel).

EF_fuel: CO, emission factor of the fuel
(kgCOy/liter).

Emissions from Biomass Processing (PEBPy,
PEBRP,y)

Emissions from biomass processing projects
include the following sources:

PE_y = PEelectricity,y + PEfossil,y + PEbiomass,y

Where:

PEBPelectricity,y: Emissions from electricity
consumption in biomass processing.

PEBPfossil,y: Emissions from fossil fuel use in the
project.

PEBPbiomass,y: Emissions from incomplete
combustion of biomass.
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I11. RESULTS AND DISCUSSION
The Hau Giang Biomass Power Plant has
a capacity of 20MW, assuming the plant operates
continuously for 75% of the year [15]. The biomass
used is rice husk, with a net calorific value (NCV)
of approximately 14 MJ/Ekg.

The annual electricity output (E) generated by the
project is calculated as:
E=20x8760x0.75=131,400 MWh/year

The emission calculation indices in this study
follow UNFCC methodologies:

+ BE_y: Baseline scenario emissions, calculated
using TOOLO5.

+ PE_y: Project emissions, including emissions
from  biomass  cultivation, transportation,
processing, and consumption, calculated using
TOOLO03, TOOLO5, and TOOL12.

+ LE_y: Emission leakage due to land-use change
and biomass diversion, calculated using TOOL16.

Additionally, the following emission factors are
used:

+ Vietnam's grid emission factor, EF_grid = 0.6592
tCO,/MWh (according to Official Document No.
1726/BBKH-PTCBT, Ministry  of  Natural
Resources and Environment, dated 03/12/2024)
[14].

+ Emission factor for substitute fossil fuels,
EF_fossil = 95 tCO,/TJ (according to IPCC 2006
Guidelines  for  National Greenhouse Gas
Inventories) [16].

+ Diesel fuel emission factor, EF fuel = 2.68
kgCOy/liter (according to IPCC 2006 Guidelines
for National Greenhouse Gas Inventories) [16].

+ Rice husk open burning emission factor, 1.5
tCO, per ton of rice husk (according to IPCC 2006
Guidelines  for  National Greenhouse Gas
Inventories) [16].

- Baseline Scenario Emissions Calculation
BEy=131,400%0.6592=86,618.88 tCO,/year

Thus, if the biomass power project did not exist,
the national grid would emit 105,120 tCO,/year
from fossil fuel-based power sources.

- Project Emissions from Biomass Power Plant
Assuming 120,000 tons of rice husk per
year need to be transported, with a fuel
consumption rate of 0.03 liters of diesel/km/ton and
an average transportation distance of 50 km, the

total fuel consumption (FC) for biomass
transportation is:

FC=120,000x0.03x50=180,000 liters of diesel
With EF_fuel = 2.68 kgCO,/liter, we calculate
transportation emissions:
PEBTy=180,000x2.68=482.4 tCO,/year

Assuming the plant consumes 3% of its generated
electricity for internal operations:
PEBPelectricity,y=0.03x131,400x0.6592

=2,599 tCO,/year

Emissions from auxiliary fuel consumption
(backup generators, lubricants, etc.) with a total
diesel consumption of 200,000 liters per year:

PEBPfuel,y=200,000%2.68=536 tCO,/year

Thus, the total project emissions are:
PEy = 482.4 + 2,599 + 536 = 3,617 tCO,/year

- Greenhouse Gas Leakage Emissions (LE_y)

Assuming that 20% of this rice husk was
previously burned in the fields and is now collected
as fuel, this results in leakage emissions due to the
change in biomass utilization:

LE_ y=0.2xBE_y
= 36,000 tCO,/year

From the above results, we have calculated the net
emission reduction (ER_y) of the Hau Giang rice
husk power plant project as:

ER y=BE y—PE y-LE y

= 47,002 tCO,/year

After calculating the CO, emission
reduction of the Hau Giang rice husk power plant
at 47,002 tCO,/year, we have determined the
carbon credits that can be traded on the market.

Carbon credits (CERS) are determined
based on the amount of CO, reduced each year and
the market price of carbon credits. According to the
Clean Development Mechanism (CDM) of the
Kyoto Protocol, each ton of CO, emission
reduction is equivalent to one Certified Emission
Reduction (CER) credit.

- Total CERs generated per year:

CERs = ER_y = 47,002 CERs/year

-Total CERs generated over 10 years: 470,020
CERs
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If the project is registered in a carbon offset
program, these credits can be traded.

Based on international carbon trading
markets such as EU, ETS, VCS and Gold Standard,
the assumed current low-end carbon credit price (P)
is $10 per tCO,. The estimated revenue (R) from
selling carbon credits of the Hau Giang rice husk
power plant project over 10 years will be:

R = CERs x P = 470,020 x 10 = 4,700,200 USD

The emission calculation results of the
Hau Giang rice husk power plant show that this
project has a significant impact on reducing
greenhouse gas emissions, contributing to the
promotion of sustainable energy transition. With a
designed capacity of 20 MW, the plant is expected
to generate approximately 130,000 MWh/year,
replacing electricity from the national grid, which
primarily relies on fossil fuels. Moreover, using
rice husk as biomass fuel not only maximizes the
utilization of agricultural by products but also
reduces CO, emissions compared to the baseline
scenario (BEy). Additionally, carbon credits
(CERS) represent an important revenue source,
enhancing the financial efficiency of the biomass
power project. If carbon credit prices increase
following international market trends—reaching
$15-20 per tCO,, for instance—total revenue
could rise significantly. This would improve
investment returns and provide financial support
for maintenance activities and project expansion.

IV. CONCLUSIONS

Vietnam still heavily relies on coal-fired
and natural gas power plants. The development and
operation of biomass power plants, such as the Hau
Giang Biomass Power Plant, will help diversify
renewable energy sources and reduce pressure on
the national grid, especially during the dry season
when hydropower output declines. Previously, a
large amount of rice husk from rice milling was
either burned in the open air or discarded,
contributing to PM 2.5 fine dust and CO, pollution.
Collecting and using rice husk for electricity
generation helps mitigate air pollution and creates
an effective circular economy within the
agricultural sector. Additionally, the project is
expected to generate hundreds of direct and indirect
jobs, from rice husk collection and transportation to
plant operation. The economic value from selling
rice husk will improve the income of farmers and
rice milling businesses, contributing to sustainable
economic development. The project is projected to

reduce emissions by 47,002 tCO, per year and

generate over $4.7 million in revenue from carbon
credit sales over 10 years. The emission reductions
are equivalent to planting about 2 million trees or
removing nearly 11,000 gasoline-powered cars
from the roads annually. This is a significant
contribution to Vietnam's commitment under
COP26, aiming for net-zero emissions by 2050.
However, the current Feed-in Tariff (FIT) for
biomass power in Vietnam remains low compared
to other countries, reducing investment
attractiveness. Therefore, the government should
revise the biomass electricity pricing mechanism to
encourage investment in this sector, such as
through tax exemptions, reductions, or preferential
loan support for enterprises investing in biomass
energy.
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