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Learning Goals

➢

To review best practices and strengthen
skills in estimating air pollutant emissions
and greenhouse gas emissions from
stationary sources (power plants)

Agenda

Estimating Power Plant Emissions
➢

Air Pollutants

➢

Greenhouse Gases

1. Air Pollutant Emissions
Total Pollutant Emissions

𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠
𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 = 𝑓𝑢𝑒𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑥
𝑓𝑢𝑒𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛

Emission factors are influenced by
• Fuel quality
• Combustion technologies
• Emission control technologies

Emission
factor

1. Air Pollutant Emissions

Fugitive emissions
•
Non-methane volatile organic
compounds (NMVOC)
•
Particulate matters (PM10)

1. Air Pollutant Emissions
Common Fuel Combustion Technologies

Combustion of
Coal and Other
Solid Mineral
Fuels

1. Pulverised fuel
(dry and wet
bottom)

2. Fluidized bed
combustion
(circulating
fluidized bed)

Combustion of
Biomass

1. Fluidised bed
(circulating
fluidized bed)

2. Grate firing

1. Gas turbines

2. Combined
cycle gas
turbines

1. Spark and
compressionignition engines

2. CHP power
plants

Combustion of
Gas and Oil

3. Grate firing

3. Integrated coal
gasification
combined cycle

1. Air Pollutant Emissions
Key Emission Control Technologies
2. In-furnace
technologies

a. Lime
injection

1. Flue Gas
Desulphurisatio
n (FGD)

a. Lime/
limestone wet
scrubbing

Sulphur Oxides

•
•

b. Spray dryer
(semi-dry)
absorption

c. Dry sorbent
injection

In-furnace technologies incorporate injection of an absorbent material (typically lime)
into the furnace. Use of such systems is quite common in FBC where the lime can be
added to the bed and high recirculation is possible.
Post combustion flue gas desulphurisation (FGD) processes are more common and
are designed to remove SO2 from the flue gas of combustion installations.
• Processes like the wet scrubbing process (WS), the spray dryer absorption (SDA),
the dry sorbent injection (DSI) and the Walther process (WAP) are based on the
reaction of the SO2 with an alkaline agent added as solid or as suspension/solution
of the agent in water to form the respective salts.
• In secondary reactions SO3, fluorides and chlorides are also removed. In the case
of some processes the SO2 is recovered as sulphur or sulphuric acid.

1. Air Pollutant Emissions
Key Emission Control Technologies
a. Low-NOx
burners
1. Primary
measures

d. Water/steam
injection
b. Staged air
supply

Nitrogen
Oxides

c. Flue gas
recirculation
e. Overfire air

2. Secondary
measures

a. Selective
non-catalytic
reduction

b. Selective
catalytic
reduction

• Primary measures minimise formation of NOx in the furnace or combustion chamber and
include low-NOx burners (LNB), staged air supply, flue gas recirculation, overfire air, reburn,
water/steam injection and related technology. These measures can be retrofitted to existing
boilers to achieve varying degrees of NOx reduction.
• Secondary measures are selective non-catalytic reduction (SNCR) and selective catalytic
reduction (SCR). The reduction of nitrogen oxides in the flue gas is based on the selective
reaction of NOx. The SNCR process involves injection of ammonia or urea near the
furnace. Emission reduction with SNCR can be limited (up to 50 %) and is lower than with
SCR. An SCR system is based on selective reactions with injected additives in the
presence of a catalyst. The additives used are mostly ammonia (gaseous and in solution)
but also urea. The NOx reduction efficiency can be between 70 and 90 %.

1. Air Pollutant Emissions
Key Control Technologies
Particulate Matter

1. Electrostatic
precipitation (EP)

2. Fabric filters (FF)

• The main PM technologies in use are electrostatic precipitation (EP) and fabric filters
(FF).
• Removal of particulate also reduces emissions of most heavy metals as these are mainly in
the particulate phase. Both modern EP and FF can represent Best Available Techniques
(BAT), but EP performance can vary widely between older and modern equipment.
• Desulphurisation technologies
• FGD can also be an effective PM abatement device
• DSI and SDA systems often incorporate FF for sorbent and PM removal
• Wet scrubbing systems can also achieve BAT achievable emission levels for PM.
• Multicyclone devices can be found on smaller, older combustion units or as an initial
treatment stage.

1. Air Pollutant Emissions
Estimating Total Emissions
Estimation Methods based on Data Availability
1. Tier 1: based on fuel consumption data and default
emission factors
2. Tier 2: based fuel consumption by technology and
specific emission factor by technology
3. Tier 3: uses facility specific data

1. Air Pollutant Emissions
Estimating Total Emissions
Tier 1: Air pollutant emissions are estimated from power
plant fuel consumption and default emission factors.
𝑬𝑝𝑜𝑙𝑙𝑢𝑡𝑎𝑛𝑡 = 𝑨𝑹𝑓𝑢𝑒𝑙 𝑥 𝑬𝑭𝑝𝑜𝑙𝑙𝑢𝑡𝑎𝑛𝑡

where,
Epollutant = annual emission of pollutant
ARfuel
= activity rate by fuel consumption
EFpollutant = default emission factor of a specific pollutant

1. Air Pollutant Emissions
Estimating Total Emissions
Tier 2: The emissions are calculated using energy
consumption by power plant technology and technologyspecific emission factors (either default technology specific
emission factor or country specific technology emission factor).

𝑬𝑝𝑜𝑙𝑙𝑢𝑡𝑎𝑛𝑡 =



𝑨𝑹𝑡𝑒𝑐ℎ𝑛𝑜𝑙𝑜𝑔𝑦 𝑥 𝑬𝑭𝑡𝑒𝑐ℎ𝑛𝑜𝑙𝑜𝑔𝑦,𝑝𝑜𝑙𝑙𝑢𝑡𝑎𝑛𝑡

𝑡𝑒𝑐ℎ𝑛𝑜𝑙𝑜𝑔𝑖𝑒𝑠

where,
Epollutant
ARtechnology
EFtechnology,pollutant

= annual emission of pollutant
= activity rate by fuel consumption by technology
= technology-specific emission factor of a
specific pollutant

1. Air Pollutant Emissions
Estimating Total Emissions
Tier 3: This tier uses facility-specific data. The total emission
of a specific pollutant is taken as the sum of emissions from
each power plant facility. Emissions from each facility are:
a. taken from direct measurement,
b. estimated based on fuel consumption of the facility and
facility specific emission factor, or
c. based on model simulations of the specific facility.

Decision tree for
combustion analysis
in energy
transformation
industries

1. Air Pollutant Emissions
Tier 1 and Default Emission Factors
•

•
•

•

Tier 1 level of analysis would be sufficient for energy and
power planning studies.
Vietnam, at this stage, has no country specific emission
factors for air pollutants from stationary sources.
Emission factors that would be used in the study would be
based on international studies.
The main question is which emission factor would be
used in PDP 8 analysis.

1. Air Pollutant Emissions
US EPA’s Compilation of Emission Factors (AP 42)
•
•

•

Major air pollutants associated with power generation includes
NOx, SOx and particulate matter (PM10 and PM2.5).
Most international studies use the US EPA’s Compilation of
Emission Factors (AP 42) as the main reference for air
pollutant emission factors. In estimating emissions from power
generation, the emission factors of AP 42 (Volume 1,
Stationary Point and Area Sources) are being used as default
emission factors in most studies.
In the European Environmental Agency’s Air Pollutant
Emission Inventory Guidebook for example, most of the
emission factors are based on AP 42 . The fuel and technology
specific emission factors from the Fifth Edition of AP 42 can be
downloaded from US EPA’s website .
•

https://www.epa.gov/air-emissions-factors-and-quantification/ap-42compilation-air-emissions-factors

1. Air Pollutant Emissions
US EPA’s Compilation of Emission Factors (AP 42)
Bituminous Coal

1. Air Pollutant Emissions
US EPA’s Compilation of Emission Factors (AP 42)
Bituminous Coal

1. Air Pollutant Emissions
US EPA’s Compilation of Emission Factors (AP 42)
Bituminous Coal

1. Air Pollutant Emissions
US EPA’s Compilation of Emission Factors (AP 42)
Natural Gas

1. Air Pollutant Emissions
US EPA’s Compilation of Emission Factors (AP 42)
Natural Gas

1. Air Pollutant Emissions
US EPA’s Compilation of Emission Factors (AP 42)
Natural Gas

2. GHG Emissions
International Best Practice
•

•

•

The methodological guidelines developed by the
Intergovernmental Panel on Climate Change (IPCC) are the
globally accepted methodologies for estimating GHG
emissions.
The IPCC Guidelines had undergone three major revisions
since the mid-1990s. These are the Revised 1996 Guidelines,
2006 Guidelines, and 2019 Refinement to the 2006
Guidelines. Methodologies for estimating GHG emissions in
the energy sector however remain largely unchanged since the
Revised 1996 Guidelines .
Vietnam’s Third National Communication to the UNFCCC
(revised document) submitted in 2019 used the Revised 1996
Guidelines for National Greenhouse Gas Inventories in
calculating emissions from the Energy Sector .

1. Air Pollutant Emissions
International Best Practice
Chapter 2 of the 2006 IPCC Guidelines focuses on estimating
GHG emissions from power generation. The emissions are
calculated based on the carbon content of fuels.

𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 (𝐶𝑂2 )
𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 = 𝑓𝑢𝑒𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑥
𝑓𝑢𝑒𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛

2. GHG Emissions
International Best Practice

2. GHG Emissions
International Best Practice
Methods based on Data Availability
• Tier 1. Fuel combustion from national energy statistics and
default emission factors,
𝒆𝒎𝒊𝒔𝒔𝒊𝒐𝒏𝒔𝐺𝐻𝐺,𝑓𝑢𝑒𝑙 = 𝒇𝒖𝒆𝒍 𝒄𝒐𝒏𝒔𝒖𝒎𝒑𝒕𝒊𝒐𝒏𝑓𝑢𝑒𝑙 𝑥 𝒆𝒎𝒊𝒔𝒔𝒊𝒐𝒏 𝒇𝒂𝒄𝒕𝒐𝒓𝐺𝐻𝐺,𝑓𝑢𝑒𝑙

• Tier 2. Fuel combustion from national energy statistics, together
with country-specific emission factors, and

• Tier 3. Fuel statistics and data on combustion technologies
applied together with technology-specific emission factors.
𝒆𝒎𝒊𝒔𝒔𝒊𝒐𝒏𝒔𝐺𝐻𝐺,𝑓𝑢𝑒𝑙,𝑡𝑒𝑐ℎ
= 𝒇𝒖𝒆𝒍 𝒄𝒐𝒏𝒔𝒖𝒎𝒑𝒕𝒊𝒐𝒏𝑓𝑢𝑒𝑙,𝑡𝑒𝑐ℎ 𝑥 𝒆𝒎𝒊𝒔𝒔𝒊𝒐𝒏 𝒇𝒂𝒄𝒕𝒐𝒓𝐺𝐻𝐺,𝑓𝑢𝑒𝑙,𝑡𝑒𝑐ℎ

2. GHG Emissions
International Best Practice

2. GHG Emissions
International Best Practice
• Tier 3 is data intensive and costly compared with Tier 1 and
may not be necessary as carbon dioxide emissions from fuel
combustion mainly depend on the carbon content of the fuel
rather than on the combustion technologies applied.
• Most of the non-Annex 1 countries use Tier 1 level of
calculation in estimating GHG emissions from the power sector.
The default emission factors for different fuel types are listed in
Chapter 2 of the IPCC 2006 Guidelines.
• In Vietnam’s Third National Communication to the UNFCCC,
energy sector emissions were calculated using Tier 1 approach
and IPCC’s default emission factors (except for coal mining
where Vietnam’s emission factor for methane and calorific value
of coal were used) .

2. GHG Emissions
International Best Practice

2. GHG Emissions
Global Warming Potential
• Greenhouse gases (GHGs) considered in the IPCC Guidelines
for power generation are carbon dioxide (CO2), methane (CH4)
and nitrous oxide (N2O).
• In summing the total GHG emissions from the power sector, the
total carbon dioxide equivalent (CO2eq) is estimated. This is
being carried out by taking into account the global warming
potential (GWPs) of GHGs. GWP represents the ability of a
given gas to absorb heat from the atmosphere.
• Non-Annex 1 countries (developing countries) of the UNFCCC
use GWP of GHGs over a 100-year time horizon. With
increasing knowledge of the GWP of GHGs, GWP values are
regularly adjusted.

2. GHG Emissions
Global Warming Potential
• The IPCC recommends countries to use the most recent GWPs.
Vietnam’s 3rd National Communication to the UNFCCC used
GWP values of the 4th Assessment Report.
Table 1. Global Warming Potential for 100-year time horizon
GHG
Carbon dioxide (CO2)
Methane (CH4)
nitrous oxide (N2O).

GWP Value
4th Assessment Report
1
25
298

GWP Value
5th Assessment Report
1
28
265

2. GHG Emissions
Grid Emission Factor
• Most renewable energy and energy efficiency projects
displace grid electricity rather than individual conventional
power plants.
• Grid electricity is a blend of power generation from various
conventional and renewable power generating plants.
• The degree of GHG emission reduction from RE and EE projects
would depend on the baseline power generation mix. The
emission reduction generated by these projects is expressed by
the following relation:
𝑬𝑹 = 𝑩𝑬 − 𝑷𝑬
where,
ER = emission reduction
BE = baseline emission
PE = project emission

2. GHG Emissions
Grid Emission Factor
• For renewable energy projects such as solar, wind and small
run-off river hydropower, project emission (PE) is considered
zero.
• The emission reduction (ER) is estimated using the following
relation:
𝑬𝑹𝑹𝑬 = 𝑬𝑮 𝒙 𝑬𝑭𝒈𝒓𝒊𝒅
where,
EG = annual project electricity generation
EFgrid = combined grid emission factor

2. GHG Emissions
Grid Emission Factor
• The grid emission factor is to be taken from the official country
emission data published by the designated national
authorities (DNAs). Vietnam’s DNA is the Ministry of Natural
Resources and Environment (MoNRE).
• Document No.263/BĐKH-GNPT dated 12/3/2020 MONRE
prescribes the emission factor of the Vietnam electricity grid in
2018 (update). The circular specifies the grid emission factor to
be 0.9130 tCO2eq/MWh.

3. Conclusion
• The methodologies for estimating air pollutant and emissions
from power generation are well-established at the international
level.
• A review of IE’s approaches shows that they are consistent with
international good practices.
• For air pollutants, IE used emission factors from US EPA’s AP 42. IE
however expressed that it will be using a facility specific emission factors
once the survey results would be made available.
• For greenhouse gas emissions, IE’s methodologies are consistent with
the IPCC Guidelines and uses emission factors prescribed by MoNRE,
the country’s lead agency with regard to climate change issues.
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