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A B S T R A C T   

Emission reduction in the thermal power sector is highly prioritized by the Vietnam government to combat 
climate change and air pollution. This study developed an updated 2019 Vietnam emission inventory (base-year) 
using a bottom-up approach and the future emission projections up to 2030 to evaluate the potential emission 
changes due to regulatory measures from the Power Development Plan 7 Revision (PDP 7 rev). Results show that 
emission contributions from coal-fired thermal power plants (TPP) to total emissions (i.e., SO2, NOx, PM10, and 
PM2.5) ranged from 67.8% to 97.0% in 2019, and the annual emissions of global warming potential are expected 
to increase more than double (i.e., 335.8 Tg CO2e) due to the increased coal-fired TPPs between 2019 and 2030. 
A gradual reduction in NOx is anticipated from 2025, resulting from the scheduled installation of selective 
catalytic reduction systems, which would trigger a shift of NOx hotspots from Northern Midland to North Central 
in 2030. Overall, the study illustrated that even though NOx emissions are expected to decrease in 2030 due to 
effective pollution controls, carbon emissions would still escalate due to the intensive use of coal-fired TPPs. It 
poses a challenge to Vietnam’s future carbon neutrality process.   
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1. Introduction 

In Vietnam, emissions of short-lived climate pollutants (SLCP) and 
greenhouse gas (GHG) have increased significantly, driven by the rise in 
electricity demand, rapid urbanization, and industrial growth from 
human activities. Heavy reliance on fossil fuels not only leads to dete-
rioration of air quality in the country but also contributes to global 
warming (Hai and Kim Oanh, 2013; Huy and Kim Oanh, 2017; Lasko 
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et al., 2018). Controls of anthropogenic air emissions from various 
sectors (e.g., thermal power, road transportation, etc.) have become an 
important agenda for the Vietnam government, especially after signing 
the Paris agreement (COP21), which committed to reducing GHG 
emissions in 2030 (NDC, 2015). In the last five years, the ministry of 
natural resources and environment has implemented rigorous regula-
tions on controlling air pollutants (i.e., SO2, NOx and PM2.5) in the major 
industrial sectors (Republic of Vietnam - The 14th National Assembly, 
2020; MONRE, 2019). The thermal power sector was treated as the key 
industry for aiming air pollution and carbon emission reductions 
(Amann et al., 2018). 

With the rapid increase in electricity consumption in the last decade, 
a large number of fossil fuel-fired thermal power plants (TPP) (mainly 
coal-fired) has been built (36 TPPs up to 2015) (Huy and Kim Oanh, 
2017; Roy et al., 2021). As of 2018, the electricity production from 
coal-fired TPPs (41%) has overtaken hydropower (39%) and has become 
the leading source of electricity supplies (EVN, 2018). Moreover, it is 
projected that the growth from the fossil fuel-fired TPPs will be much 
faster than hydropower, resulting in a decreasing share of hydropower 
to total electricity generation (i.e., 12.4%). The reliance on coal-fired 
TPPs will intensify and become more apparent in the next ten years. 
Although the revised Power Development Plan 7 (PDP7 rev) issued in 
2016 has mandated a small fraction of renewable energy to be included 
in the future energy mix, the amount is relatively small, not providing 
sufficient improvement on local air pollution. At last, in PDP7 rev, the 
coal-fired TPPs are expected to contribute about 53.2% of electricity 
generation, while hydropower will reduce to 15.5% by 2030 (Decision 
No. 428/QD-TTg, 2016). Hence, it is important to evaluate the emission 
impact from the coal-fired TPPs to safeguard the environment and 
reduce the consequence of global warming. 

The issue of air pollution from coal-fired TPPs is not a new topic. The 
lack of proper regulatory controls causes substantial emissions and de-
teriorates air quality and the environment (Du et al., 2020; Shen et al., 
2019). Improving the efficiency of power generation and installing/-
retrofitting emission control technologies from all new or existing 
coal-fired TPPs are urgently needed (ERIA, 2019). In Vietnam, the 
revised ‘National Technical Regulation on Emission of thermal power 
industry (i.e., QCVN 22-MT: 2015/BTNMT), the replacement of QCVN 
22: 2009/BTNMT regulation, has been adopted, which requires all TPPs 
to install or retrofit the best available technologies for controlling par-
ticulate matter (PM), NOx and SO2 (Decision No. 428/QD-TTg, 2016; 
NDC, 2015; PV Power, 2017). These updates essentially lead to signifi-
cant changes in current emissions and future projections of Vietnam’s 
GHG and SLCP emissions. Until now, no study or inventory has been 
developed to address the potential emission discrepancies on the future 
emission projections caused by the regulation in the approved PDP (i.e., 
PDP7 rev). Moreover, the impacts on the spatial emission changes have 
not been studied elsewhere. Hence, this study developed a new emission 
inventory (EI) with a projection for the 2030 Vietnam’s TPPs and 
evaluated the effects of approved/committed regulatory measures on 
future air and climate emissions, identifying potential issues associated 
with the planned expansion of TPPs reported in the PDP7 (rev). 

2. Materials and methods 

A new EI using 2019 emission activity data was developed and 
applied to evaluate the effect of new thermal power regulation on the 
future (2020, 2025, and 2030) emission projections in Vietnam. Three 
scenarios were considered, which include (1) Historical Projection (HP), 
(2) Emission and Operational Controls – Scenario A (EOC-A), and 
Emission and Operational Controls – Scenario B (EOC-B). The HP sce-
nario applied the emission rate of change based on the actual change 
from 2010 to 2015 without considering any new thermal power regu-
lations or new TPPs. This scenario is intended to mimic the emission 
estimates from historical projections, which is commonly done in pre-
vious air quality studies for modelling Southeast Asia emissions. The 

EOC-A and EOC-B adopted the planned thermal power plant growth 
from the Vietnam government with different emission controls, opera-
tional constraints, and pace of implementation. The emission control 
requirement of EOC-B (i.e., QCVN 22-MT: 2015/BTNMT with PDP7 rev) 
is different from the EOC-A (i.e., QCVN 22: 2009/BTNMT). A detailed 
description of each scenario can be found in Table S1. In Vietnam, TPPs 
are mainly distributed in five regions, including Red River Delta (RRD), 
Northern Midlands and Mountain areas (NMM), North Central and 
Central Coastal areas (NCC), South East (SE), and Mekong River Delta 
(MRD) (Fig. S1 in Supporting Information). As of 2019, a total of 43 
TPPs were in operation, including 28 coal-fired, 3 oil-fired, and 12 
natural gas-fired, in which seven coal-fired TPPs (total capacity of 5595 
MW) were commissioned within the last three years. The newly- 
operating TPPs are generally clustered in the NCC region. These TPPs 
are equipped with super-critical pulverized coal boilers and high- 
efficiency emission control technologies. 

2.1. Activity data and emission estimation method 

To estimate TPP emissions using a bottom-up approach, activity data 
are indispensable. This study attempts to use all local activity data 
whenever it is available. Parameters such as the location of TPPs, 
commissioning year, plant’s capacity in MW, annual fuel consumption, 
total electricity generation in GWh, and Net Calorific Value (NCV) of 
fuels were collected from multiple local sources (Table S2). In the case of 
local data unavailable, regional and global sources were supplemented 
(IPCC, 1996, 2006; UN Environment, 2017; UNFCCC, 2019a, b). 
Table S2-S3 summarizes the activity data for TPPs operated in 2019. The 
activity data for the operating, permitted, and under-construction TPPs 
used in the emission projection are presented in Table S4. Emissions for 
the 2019 base-year and the projected years (i.e., 2020, 2025, and 2030) 
in PDP7 (rev) were estimated using the annual fuel consumption by 
individual TPPs, NCV of fuels, emission factor (EF) relevant to emission 
species, and emission control efficiency of the air pollution control de-
vice (APCD) or system of the TPPs (e.g., Electrostatic Precipitator, Flue 
Gas Desulfurization – wet scrubber (FGD), Dry Sorbent Injection, 
Sea-water FGD, Low NOx Burner (LNB), and Selective Catalytic 
Reduction (SCR) for controlling SO2, NOx, and PM species. Details of the 
emission calculation method can be found in our previous work (Roy 
et al., 2021). 

2.2. Emission factor 

For EI development, EFs were gathered from wide-ranging regional 
and global sources (APEG, 1999; Bond et al., 2004; EMEP/EEA, 2016; 
IPCC, 1996, 2006; Kato and Akimoto, 1992; Kupiainen and Klimont, 
2007; Reddy and Venkataraman, 2002; Streets et al., 2003; Streets et al., 
2001; UNEP, 2012; USEPA, 1995). Table S5 presents the EFs used for 
estimating emission range and best emission estimation. Note that in 
this study, the EFs of SO2 were calculated using the plant-specific sulfur 
content of the fuel, sulfur retention in ash (αs), and NCV of fuels 
(Table S6) for attaining accurate SO2 emission results. The detailed 
calculation method can be found in our previous work (Roy et al., 2021). 
The calculated EFs of SO2 for each category of TPP are presented in 
Table S7-S9. 

2.3. Estimation of emission range and uncertainty analysis 

To better reflect the uncertainty of emission results, all emissions are 
presented as selected, low, and high estimates for each pollutant. The 
emission range for each pollutant is produced based on the ranges of EFs 
(Table S5). The variation in emission estimation (i.e., low and high es-
timates) compared to the best emission estimation reflects the uncer-
tainty. The detailed calculation method for uncertainty analysis can be 
found in our previous work (Roy et al., 2021). Generally, uncertainties 
in EIs for TPPs varied considerably due to different factors, including 
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activity data, sources of EFs (i.e., local, regional, global), EI approach (e. 
g., top-down or bottom-up), and types of emission control technology 
used for SO2, NOx, PM controls and their control efficiencies, as reported 
in several studies (Chen and Meng, 2017; Kurokawa et al., 2013; Pham 
et al., 2008; Streets et al., 2003). Note that in this study, uncertainty in EI 
was analyzed based on the range of EFs but not based on the activity 
data. As activity data were collected from local sources, low un-
certainties were assumed. The Intergovernmental Panel on Climate 
Change (IPCC) stated that the use of local activity data in EI results in 
low uncertainty (±5%) (IPCC, 2006). However, EFs used in emission 
estimation were gathered from multiple regional and global sources 
(mentioned earlier), as local EFs for TPPs were unavailable. Therefore, 
variation in EFs is expected to be the major source of uncertainties in 
emission estimation. 

2.4. Estimation of global warming potential 

The Global Warming Potential (GWP) of emissions in CO2 equivalent 
(CO2e) of GHGs and different SLCPs released from the TPPs were 
calculated, as these have significant climate impacts. The basic equation 
for estimating the GWP of emissions is presented in Equation (1), where 
the total emission of individual species is multiplied by the corre-
sponding GWP. This study has prioritized using the GWP reported for 
Southeast Asia (Koch et al., 2007). Wherever not available, other re-
ported values have been considered. These include GWP values reported 
for tropical regions (Naik et al., 2005), GWP for Asia (Berntsen et al., 
2005), IPCC Fourth Assessment Report (AR4) values (Solomon et al., 
2007), and the GWP reported for the global context (Collins et al., 2002). 

GWP of emission (CO2e)i,j,k =
∑

Emi,j × GWPi (1)  

where Em is the emission of species (i) from the category of TPP (j) in the 
year (k); GWP is the global warming potential of emission species (i) in a 
20-yr time horizon. 

2.5. Emission projections for TPPs 

The Vietnam government has approved the revised power develop-
ment plan 2011–2020 with the vision to 2030 under the PDP7 rev, 
aiming to boost electricity generation with minimal environmental im-
pacts through policy interventions in the thermal power sector (Decision 
No. 428/QD-TTg, 2016). This study projected emissions of multiple 
pollutants and the GWP of emissions (in CO2e) for the TPPs for different 
future years (i.e., 2020, 2025, and 2030). Different key policy in-
terventions such as technological improvements in the APCD system and 
operational requirements were included according to QCVN 22: 
2009/BTNMT, QCVN 22-MT: 2015/BTNMT, and PDP7 (rev) (MOIT, 

2020). We are particularly interested in future NOx emission and its 
control, and the change of spatial distribution in Vietnam. Table S1 
summarizes the factors that have been considered for the emission 
projections under different scenarios, including the historical projection 
(i.e., HP) scenario, and emission and the operational control scenarios (i. 
e., EOC-A and EOC-B). 

3. Results and discussion 

3.1. Base-year emission inventory 

Table 1 summarizes the EI results for the TPPs in the 2019 base-year. 
In 2019, the average consumption of coal, oil, and natural gas was 
551.00, 252.44, and 167.21 tonnes per kWh of electricity generation, 
respectively. Similar to the 2010 EI (not shown) (Huy and Kim Oanh, 
2017; Roy et al., 2021) and 2015 EI (Roy et al., 2021), the coal-fired 
TPPs contributed much higher emissions than the oil-fired and natural 
gas-fired TPPs. The 2019 emissions to overall emissions from the 
coal-fired TPPs were 67.8%, 80%, 97.0%, and 93.6% for SO2, NOx, 
PM10, and PM2.5, respectively. In contrast, emissions from oil-fired TPPs 
and gas-fired TPPs only ranged from 0.5% to 32.0% and 0.1%–26.2%, 
respectively. This study shows that the increased number of coal-fired 
TPPs (i.e., 36 to 43) between 2015 and 2019 has boosted the overall 
electricity generation capacity from 20,153 to 27,033 MW in the ther-
mal power sector and resulted in an increase in the overall CO2, CH4, 
N2O, NOx, CO, NMVOC, and PM emissions. The observed emission 
growths ranged between +36.9% and +124.8% (Table 1). For GWP, the 
total CO2e also showed an increasing trend from 87,549 Gg in 2015 to 
158,488 Gg in 2019. The increase in CO2e compared to the 2014 value 
(i.e., 54,502 Gg) reported in MONRE (2019) was +60.6% for 2015, and 
190.8% for 2019, indicating a large increase in CO2e from coal-fired 
TPPs in those five years. As the Vietnam national power development 
authority has already set out the plan to construct more coal-fired TPPs 
in the near future under PDP7 (rev), it is expected that more emissions 
will be released from the thermal power sector even with the planned 
emission control measures are in place (Decision No. 428/QD-TTg, 
2016). 

The decision to build more coal-fired TPPs over other modes of 
power generation could be related to energy security. With the intense 
fluctuation of natural gas prices in recent years, investing in cleaner 
fuels like natural gas in the TPP sector may be risky and hinder economic 
development (VPI, 2016). With oversea coals available from various 
supplies in different countries (e.g., Indonesia, Australia etc.) at a rela-
tively low price compared to natural gas, it provides a buffer for price 
fluctuation. In terms of emission uncertainty, Fig. S2 and Table S10 
show the low and high estimates of the emission data. The ratio of the 
difference between these estimates to the best estimates represents the 

Table 1 
2019 Emissions from TPPs in Vietnam.  

Emission species 2019 Emission, Gg/yr (Emission per kWh electricity generation, g/kWh) Total emission (Gg/yr) Rate of emission change (%) (2019–2015) 

Coal-fired Fuel oil-fired Natural gas-fired 2019 2015# 

CO2 126,058 (1194) 1398 (886) 23,476 (464) 150,931 82,848 +82.2% 
CH4 1.30 (0.01) 0.05 (0.03) 0.42 (0.01) 1.77 1.04 +70.1% 
N2O 1.94 (0.02) 0.011 (0.01) 0.04 (0.00083) 2.00 0.94 +112.4% 
SO2* 50.64 (0.48) 23.89 (15.15) 0.11 (0.0021) 74.64 54.53 +36.9% 
NOx* 193.68 (1.83) 4.50 (2.85) 43.94 (0.87) 242.12 164.11 +47.5% 
CO 23.28 (0.22) 0.27 (0.17) 8.37 (0.17) 31.92 20.26 +57.6% 
NMVOC 6.47 (0.06) 0.04 (0.03) 2.09 (0.04) 8.60 5.13 +67.7% 
PM10* 26.47 (0.25) 0.46 (0.29) 0.37 (0.01) 27.30 12.65 +115.8% 
PM2.5* 10.49 (0.10) 0.35 (0.22) 0.37 (0.01) 11.21 5.27 +112.8% 
BC* 0.09 (0.001) 0.018 (0.011) 0.009 (0.00018) 0.112 0.05 +124.8% 
OC* 0.37 (0.003) 0.007 (0.004) 0.008 (0.00016) 0.38 0.18 +112.7% 
GWP (CO2e) 132,663.5 270.4 25,554.4 158,488.3 87,549 +81.0% 

Notes: * PM control efficiency ranges between 98.4% and 98.5% (CEMM, 2019); Low NOx burner with 30% removal efficiency (USEPA, 1995); SCR with 58%–88.4% 
removal efficiency, and FGD control efficiency for SO2 ranges 90%–95% (CEMM, 2019); Grey colour indicates APC has been applied; # EI results of our previous work 
for 2015 emission base-year (Roy et al., 2021), which has been incorporated to show the emission growth rate. 
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uncertainty in emission estimation. 
In this study, the uncertainty (in percent) ranged from − 95.8% to 

+31.8% in 2019. The most considerable uncertainties were observed in 
Organic Carbon (OC) and Black Carbon (BC) (i.e., − 95.8% and − 85.1%, 
respectively), attributed to the usage of EFs from limited international 
sources and small emission amounts. For criteria pollutants, the highest 
and second-highest uncertainties came from NOx (i.e., − 17.5% to 
+31.8%) and SO2 (− 26.3% to +25.7%), respectively, which were 
similar to the 2015 results. These uncertainties were mainly caused by 
the uncertainty of EFs for the coal-fired TPPs, extracted from global and 
regional (i.e., Asia) EIs (EMEP/EEA, 2016; IPCC, 2006; Kato and Aki-
moto, 1992). Detailed emission comparisons with different regional 
inventories (e.g., EDGAR, GAINS-Asia, MIX, and GPED) for the 2015 
base-year can be found in Roy et al. (2021). 

3.2. Effects of regulatory measures on current emissions 

The emissions of individual TPPs in different regions (i.e., RRD, NCC, 
MRD, SE, and NMM) in Vietnam have been presented in Fig. 1 and 
Table S11. It reveals that there were multiple high emission polluters 
clustered in the MRD, RRD, and NCC regions. These include Duyen Hai 1 
(I&II) and Duyen Hai 3 (I&II) from MRD, Mong Duong 1 (I&II) and Quang 
Ninh (I&II) from RRD, and Vung Ang 1 (I&II) and Vinh Tan 4 (I&II) from 
NCC. In general, these coal-fired TPPs had a design capacity of over 
1000 MW and were built between 2014 and 2018 under the rule of the 
National Technical Regulation on Emission of thermal power industry - 
QCVN 22: 2009/BTNMT, which only high efficient PM and SO2 APCDs 
(i.e., 99.5% and 97.75%, respectively), and low efficient NOx APCD (i. 
e., 30%) were required. Overall, NOx contributed the largest portion of 
the overall emission in these coal-fired TPPs. It should also be noted that 
the Vinh Tan 4 extension had only operated for three months in 2019. 
The actual emissions, as well as the estimated emissions at the fully 
operating condition, were presented in Table S11. 

For the gas-fired TPPs, there were 12 TPPs, mainly located in the 
MRD and SE regions. The two largest gas-fired polluters are Ca Mau and 
Phu My 1, with a capacity larger than 1000 MW. As NOx emission in the 
gas-fired units is, in general, lower than in the coal-fired TPPs, no APCD 
is required under the current regulation. Finally, for oil-fired TPPs, the 
two largest polluters (i.e., Thu Duc and Can Tho) were located in SE and 

MRD regions. These facilities contributed extremely high SO2 emissions 
(i.e., 12.1 Gg and 10.6 Gg, respectively) to the overall inventory, but 
with small energy generation (i.e., capacities of 279 MW and 185 MW). 
Since these oil-fired TPPs are in the process of decommissioning, no 
APCD requirement is imposed under the current regulation. Overall, the 
total emissions of gas-fired TPPs were higher than the oil-fired TPPs 
(except for SO2), as many gas-fired TPPs were in operation with a larger 
capacity (Fig. 1) compared to the oil-fired TPPs (i.e., 12 vs 3). 

Besides identifying high emission polluters, Fig. 1 also sheds light on 
understanding the influence of imposing emission control measures on 
coal-fired TPPs. From our previous work (not shown), the highest SO2 
emission in 2015 was from Pha Lai 1 coal-fired TPP in RRD, attributed to 
the uncontrolled condition (Roy et al., 2021). Operating TPPs without 
SO2 APCD was previously permissible to some TPPs (built at the early 
stage, i.e., 1977–1983 of power sector development) under the National 
Technical Regulation on Emission of thermal power industry - QCVN 22: 
2009/BTNMT, which had been identified as the major loophole of the 
regulation (PV Power, 2017). As the revised National Technical Regu-
lation on Emission of thermal power industry - QCVN 22-MT: 
2015/BTNMT was implemented in 2017, all coal-fired TPPs without 
PM and SO2 controls must install the modern APCDs, where no 
exemption was given to any TPPs (Decision No. 428/QD-TTg, 2016). As 
a result, the electrostatic precipitator with dry sorbent (limestone) in-
jection technology was introduced to Pha Lai 1 in 2018, and the annual 
emission of SO2 (i.e., 17.96 Gg in 2015 level) was drastically reduced to 
1.39 Gg in 2019 (NDC, 2015). Similar situations have also been observed 
at Ninh Binh, Nong Son, and An Khanh TPPs, with a comparable per-
centage of SO2 reductions (Roy et al., 2021). Among the desulfurization 
processes, TPPs equipped with FGD contributed more SO2 reduction 
than those plants using dry sorbent (limestone) injection and Seawater 
FGD under the revised regulation, as shown in Fig. 2. 

The overall SO2 reductions from the FGD, dry sorbent (limestone) 
injection, and seawater FGD implementation were 23.7 Gg, 9.3 Gg, and 
17.6 Gg, with relative contributions of 46.9%, 18.3%, and 34.8% to the 
overall reduction, respectively. The percentage contribution from FGD 
(i.e., 46.9%) in Vietnam is similar to the value (i.e., 54%) reported by Liu 
et al. for China, where considerable SO2 reduction was achieved because 
of the extensive installation of FGD (Liu et al., 2015). In summary, the 
calculated annual SO2 emission for coal-fired TPPs in 2019 (i.e., 50.64 

Fig. 1. Emissions of TPPs in different regions of Vietnam in 2019; Values on the top of each bar represent the design capacity (MW) of the TPPs.  
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Gg) for Vietnam was 35% lower than the value (i.e., 77.49 Gg) estimated 
considering the 2015 emission control level. The result reflects the 
importance of updating the existing 2015 EI to the 2019 level before 
performing the future projections. 

The advantage of updating the existing inventory to the 2019 base- 
year not only captures the changes made in the TPPs that have just 
installed the retrofitted APCDs but also allows more up-to-date and ac-
curate information (e.g., control efficiency) from the newly built TPPs to 
be incorporated into the development. For example, Vinh Tan 2 (1244 
MW) was equipped with LNB and SCR for NOx removal. From our 
previous work, we had assumed a generic value of 60% as the removal 
efficiency for all SCR with LNB, which had deviated from the actual 
efficiency by about 28% (88% for actual). Such difference had resulted 
in an overestimation of 5 Gg of NOx in Vinh Tan 2 (Roy et al., 2021). 
When we are comparing the difference between Vinh Tan 2 (1244 MW) 
and Nghi Son 1 (600 MW), it is easy to prejudge that the overall emission 
in Vinh Tan 2 should be larger than in Nghi Son 1 since the capacity of 
Vinh Tan 2 is double of Nghi Son 1. However, in our 2019 inventory, this 
is not the case as Nghi Son 1 has equipped only LNB, which has much 
lower removal efficiency (i.e., 30%) than the one used in Vinh Tan 2 (i.e., 
88% for SCR with LNB) as reflected in Fig. 1. Among the NOx control 
technologies, The LNB and LNB with SCR are the most common control 
devices used in the newly built coal-fired TPPs under the PDP7 (rev). 
The efficiency of LNB is around 30%, while the LNB with SCR ranges 
between 58% and 88.4% (Table S12). The impact of implementing the 
revised National Technical Regulation on Emission of thermal power 
industry - QCVN 22-MT: 2015/BTNMT has resulted in a 22.8% reduc-
tion of overall NOx emission in 2019. At last, as there was a wide range 

of values for the efficiency of NOx APCDs, taking the most updated and 
accurate inputs would be important for updating the emission inventory. 

3.3. Projected emissions and effects of regulatory measures in 2030 

3.3.1. Projected emissions from TPPs 
In Vietnam, energy demand is expected to increase significantly from 

2015 to 2030. According to PDP7 rev, coal-fired TPPs will be the pri-
mary growth sector for meeting the future electricity demand. It is 
projected that the share of electricity generation from coal-fired TPPs 
will increase from 49.3% (i.e., 131,000 GWh) in 2020 to 53.2% (i.e., 
304,000 GWh) in 2030, and the amount of coal consumed will rise from 
63 million tonnes in 2020 to 129 million tonnes in 2030 (Decision No. 
428/QD-TTg, 2016). Table 2 shows the estimated emissions (i.e., 2020, 
2025, and 2030) from three projection scenarios. Please note that the 
study had assumed the full operation condition for all TPPs in the base 
year estimation (i.e., 2019), which allowed a more accurate estimate of 
the future emissions (e.g., 2020–2030). In historical projection - HP, 
emissions were calculated based on the rates of emission change (− 4% 
to 24%) between 2010 and 2015 (i.e., not 2010 to 2019), mimicking the 
projection estimates from the gridded regional/global inventories. For 
the EOC-A and EOC-B scenarios, we adopted the information-rich bot-
tom-up approach by including all planned and committed power 
development from the PDP7 (rev) and COP21. It should be mentioned 
that the projected ranges of total coal consumption of the 
newly-commissioned, permitted, and under-construction coal-fired 
TPPs are 6.09 to 6.56, 59.58 to 64.16, and 68.23 to 73.48 million tonnes 
in 2020, 2025, and 2030, respectively under the EOC-A and EOC-B 
scenarios (Fig. S3). 

In general, emission projections from HP are much lower than from 
the EOC-A and EOC-B scenarios. For instance, the projected CO2 (i.e., 
226,013 Gg) and GWP (i.e., 241,016 Gg CO2e) emissions in 2030 from 
HP are nearly 1/3 lower than the projected values reported in the EOC-A 
and EOC-B scenarios. These discrepancies are mainly caused by the 
differences in the projected electricity generation between the HP 
(+12%) and EOC scenarios (+98%), which triggered large differences in 
future emissions. As the HP scenario assumed the rate of change in the 
electricity generation in the future conditions is the same as the emission 
change between 2010 and 2015, which is strongly underestimated, it 
has resulted in large underestimations for the future conditions. The 
worst projection in the HP scenario is found in SO2. For instance, a 
negative rate of change (i.e., significant emission reduction from retro-
fitting APCD to the existing TPPs) was reported in the calculation (see 
Table 2), which has caused the projected SO2 emission (i.e., 24.08 Gg) 
1/5 lower than the projected emissions in EOC cases (122.40–131.82 

Fig. 2. Effects of regulatory measures on emission reduction in 2019.  

Table 2 
Projected emissions (Gg) from TPPs in Vietnam.  

Emis. Species 2019 (157,738.7 GWh) 2020 (181,455–195,746.5 GWh) 2025 (277,850–299,556.5 GWh) 2030 (290,522–313,184.5 GWh) 

Scenario Scenario Scenario 

HP EOC-A EOC-B HP EOC-A EOC-B HP EOC-A EOC-B 

CO2 150,931 130,564 198,830 184,470 178,288 331,440 308,840 226,013 354,480 327,810 
CH4 1.77 1.39 2.31 2.15 1.73 3.63 3.37 2.08 3.86 3.56 
N2O 2.00 2.05 2.71 2.52 3.17 4.82 4.48 4.28 5.16 4.79 
SO2 74.64 44.38 117 108.42 34.23 122.94 114.15 24.08 131.82 122.40 
NOx 242.12 248.15 344.85 319.92 332.20 625.32 580.39 416.24 672.70 279.53 
CO 31.92 28.13 40.47 37.53 36.01 62.26 57.76 43.88 65.93 60.74 
NMVOC 8.60 7.21 11.09 10.29 9.29 18.13 16.82 11.37 19.26 17.76 
PM10 27.30 26.49 37.34 34.67 40.34 65.42 60.74 54.18 70.02 65.00 
PM2.5 11.21 9.88 15.38 14.27 14.50 26.17 24.30 19.11 28.00 25.97 
BC 0.11 0.06 0.162 0.15 0.06 0.22 0.20 0.07 0.23 0.22 
OC 0.38 0.36 0.52 0.49 0.55 0.91 0.85 0.74 0.98 0.91 
GWP (CO2e) 158,488 138,705 208,850 193,780 189,861 355,773 330,204 241,016 379,227 335,837 

Note: Grey colour represents the 2019 base-year emissions; Historical projection (HP) is calculated based on the average historical rate of change between 2010 and 
2015 using the 2015 base-year (Roy et al., 2021); EOC-A and EOC-B represent the emission control scenarios projected according to the 2019 base-year emissions; The 
values with the bracket under the specific year display the range of total electricity generation in GWh for the base-year and projected years. 
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Gg). Fig. 3 shows the projected NOx emissions for all three scenarios. 
Obviously, the linear projection approach used in the HP scenario has 
underestimated the growth of future NOx emissions. A similar situation 
is observed in the REAS v3.0 and GAINS-Asia regional inventories (i.e., 
lines with triangular dots), indicating that the historical projection 
approach may not be sufficient to project future emissions for the fast- 
growing countries like Vietnam. Hence, more frequent updates on 
gridded regional emissions using local data (if possible) may be essential 
to maintain and improve the accuracy of regional inventory for air 
quality modelling. 

In EOC-A and EOC-B, nearly all projected emissions in 2030 have 
increased significantly as both scenarios projected a large increase in 
electricity generation. For example, SO2 emissions in 2030 are estimated 
to be 76.6% and 64.0% higher than 2019 for EOC-A and EOC-B, while 
the emissions for other pollutants (except NOx) range from +104.6% to 
+158.4%, and +90.3% to +139.9%, respectively. In general, emissions 
in the EOC-B scenario are lower than in the EOC-A scenario as the 
maximum allowable operation hours in EOC-B are shorter. In terms of 
NOx, there is a large difference in emission change between EOC-A (i.e., 
+177.8%) and EOC-B (i.e., +15.5%) due to the implementation of 
advanced NOx APCD and an increase in non-hydroelectric renewable 
energy (8%) in EOC-B. 

Fig. 3 shows the emission change in NOx and GWP. As the NOx APCD 
is projected to be in place after 2025, therefore, it is observed that the 
projected emissions for EOC-A and EOC-B in 2025 are similar in 
magnitude (i.e., 625.32 Gg and 580.39 Gg), respectively, while the 
emissions in 2030 are quite different (i.e., 672.70 Gg and 279.53 Gg). It 
should be aware that the expected time for SCR installation may be 
varied in different studies (MOIT, 2021). It could result in a discrepancy 
in NOx projections or trends between 2020 and 2030. 

Overall, a 51.8% reduction in NOx is expected between 2025 and 
2030, contributed by the NOx control committed in the QCVN 22-MT: 
2015/BTNMT and PDP7 (rev). The efficiency of advanced NOx control 
(i.e., LNB with SCR) is expected to be between 60% and 88%, depending 
on the operational condition. It is promising to see that the magnitude of 
NOx emission in 2030 is almost the same as the value reported in the 
2019 base-year (i.e., 242.12 Gg vs. 279.53 Gg) (Table 2). The success of 
implementing NOx APCD to all coal-fired TPPs on schedule would be 
essential for mitigating NOx and O3 air pollution in Vietnam. In terms of 
GWP, considerable increases in carbon emissions have been observed in 
both EOC scenarios in 2030. The rates of change in GWP between 2019 
and 2030 were estimated to be +139.3% and +111.9% for EOC-A and 
EOC-B, respectively. More effort to reduce future carbon emissions 
would be required in the thermal power sector for the Vietnam 
government. 

3.3.2. Regional emission shares and spatial emission distribution of NOx 
In Vietnam, regional emission share from the thermal power sector is 

expected to change significantly due to the planned commission of more 
coal-fired TPPs in rural areas and decommissioning small oil TPPs from 
the urban centre (See Fig. S1, black triangles). In 2019–2020, the most 
substantial emissions (i.e., 30.7%–46.6%) were released in the RRD 
region (i.e., the Hanoi area), with a total capacity of 8730 MW (47.5% of 
the total coal-fired TPP capacity in 2019, see Fig. 1). Apart from RRD, 
considerable emissions were released from the NCC (15.8%–34.9%) and 
MRD (16.2%–24.8%) regions (Fig. S4 and Table S13). Nearly all large 
coal-fired TPPs with a capacity greater than 600 MW were located in 
these three regions in 2019–2020. In terms of NOx (see Fig. 4), larger 
emission sources were mainly clustered in the northern provinces of 
RRD and NCC in 2020, within a reasonable distance from the city of 
Hanoi, to provide a steady electricity supply to the Hanoi capital region/ 
metropolitan area. As all TPPs in the northern provinces were coal-fire 
powered with larger thermal capacities, more NOx emission was 
observed in the northern provinces. Another hotspot observed in Fig. 4 
was the south part of NCC and the east part of SE regions, which were in 
the vicinity of the Ho Chi Minh metropolitan area. Lower NOx emission 
was observed in Ho Chi Minh metropolitan area than in the Hanoi 
capital region/metropolitan area due to the abundance of gas-fired TPPs 
in the southern region. 

In 2025, the regional emission share is expected to change notice-
ably. For instance, the emission contribution from the NCC region is 
projected to be comparatively higher than the RRD for most pollutants 
(except for SO2 and NOx). There will be more new TPPs commissioning 
in the NCC region (i.e., six TPPs with 6120 MW) than in the RRD region 
(i.e., four TPPs with 4080 MW) between 2020 and 2025, resulting in 
higher overall emissions in the NCC region after 2025. As the RRD re-
gion is already overwhelmed with coal-fired TPPs and local Vietnamese 
coals are no longer sufficient to support the growing coal demands for 
these TPPs in the future. To supply sufficient fuels for the newly built 
coal-fired TPPs, the government has become more reliant on imported 
coal from Australia and Indonesia. Selecting TPP sites along the coast of 
NCC provides a cheap and convenient way of transporting imported coal 
to these TPPs (Roy et al., 2021; S&P Global, 2020). Moreover, it allows 
better pollution dispersion. Another urban cluster with a significant 
increase in the emission share is the MRD region. In 2019, there were 
only two coal-fired and two oil-fired TPPs operating in the region. With 
the growing demand for electricity from the labouring region (i.e., Ho 
Chi Minh), the MRD region has become the powerhouse for the neigh-
bouring provinces. Five additional coal-fired TPPs are expected to 
operate before 2025 with a total designed capacity of 6260 MW 
(Table S4), making the MRD region the third-largest emission region 

Fig. 3. Future emission projections: a) NOx and b) GWP in CO2e. Notes: Solid and dash lines represented the reported and projected emissions, respectively. † Gross 
emission only covers RRD and MRD, not entire Vietnam. 
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(Table S13). Regarding NOx emission (Fig. 4), higher emissions are 
expected in the eastern part of RRD, northern and southern parts of NCC, 
and the eastern part of MRD in 2025. It is projected that collectively 
61.69 Gg, 102.05 Gg, and 99.98 Gg of NOx will be emitted from the 
newly commissioned TPPs in the RRD, NCC, and MRD regions, 
respectively. 

For 2030, a similar emission contribution is expected with the 
highest share from the NCC areas (i.e., 31.4%–36.8%) (Table S13). The 
result shows that although more TPPs will be operated in RRD than in 
NCC in 2030 (i.e., 18 vs. 14), the emission share from NCC is still the 
largest. The reason is that the majority of newly commissioned TPPs in 
the NCC region will be using the low-graded bituminous coals imported 
from Indonesia and Australia, which requires more coals to be burnt for 
the same amount of energy produced. As a result, higher emissions are 
expected. In terms of NOx, this study shows that provincial NOx emis-
sion intensity will reduce significantly by 2030 (Fig. 3). The significant 
NOx reduction is due to the proposed SCR installation (i.e., average 
emission control efficiency of 75%) by 2030 as a policy intervention to 
meet the ‘National Technical Regulation’. As shown in Fig. 4, NOx 
emission intensity is expected to reduce to less than 10 Gg for all 
provinces, except for Hau Giang province, where multiple large TPPs (e. 
g., Song Hau 2 - I&II) are located. The significant changes in the spatial 
distribution of NOx emissions among the major regions in Vietnam, 
mainly the RRD, NCC, and MRD (Fig. 4), influence not only local air 
quality but also the prevailing downwind areas. As easterly winds are 
observed during the dry season from the South China Sea (Fig. S5), the 
change of spatial TPP emissions (e.g., increased emissions in the north of 
NCC) could have a stronger air quality influence on the adjoining 
Southeast Asian countries (e.g., Middle part of Laos, and east of 
Thailand). Places such as Laos’s Nakai-Nam Theun National Park could 
receive more pollution impacts via regional emission transport in 2030. 

3.3.3. Future GWP of emissions 
Fossil fuel-fired TPPs are the significant source of GHG emissions (e. 

g., CO2, CH4, and N2O) and SLCPs (e.g., BC, NOx, CO, NMVOC, SO2, and 
OC), which have significant impacts on global warming. Table 3 pre-
sents the GWP of these pollutants’ emissions (in CO2e) from the EOC-B 
scenario. This study shows substantial increases (+15.5% to +139.9%) 
of individual net GWP between 2019 and 2030 for all GHGs and SLCPs 
due to the rise in the number of coal-fired TPPs. Overall, the net GWP is 

projected to increase more than double (111.9%) from 158.48 Tg in 
2019 to 335.84 Tg CO2e in 2030 under PDP7 (rev). 

Among these pollutants, CO2 will remain the most significant 
contributor to net GWP with 95% contribution in 2019 and 98% in 
2030, while the contribution from the second-largest contributor, NOx, 
will drop significantly from 6.6% to 3.6% in 2030, benefiting from NOx 
control policy (Decision No. 428/QD-TTg, 2016). Our reported values 
are similar to the values reported by Huy and Kim Oanh in the 2010 EI 
(Huy and Kim Oanh, 2017). 

4. Conclusions 

In summary, emissions from TPPs have increased significantly in 
Vietnam due to the commissioning of more coal-fired TPPs to boost 

Fig. 4. Spatial emission distribution of NOx in the projected years.  

Table 3 
GWP of emissions in emission base-year and projected year.  

Forcing 
agents 

GWP20
a Total 

emissions in 
2019 (Gg)* 

Projected 
emissions in 
2030 (Gg)b 

GWP of emissions (Gg 
CO2e) 

2019* 2030 

Warming agents 
CO2 1c 150,931 327,810 150,931 327,814 
CH4 72c 1.77 3.56 127.35 256.32 
N2O 289c 2.0 4.79 577.07 1384.31 
BC 1700d 0.11 0.22 191.07 374.00 
NOx 43e 242.12 279.53 10,411.10 12,019.79 
CO 13f 31.92 60.74 415.01 789.62 
NMVOC 14g 8.60 17.76 120.41 248.64 
Subtotal 

1:    
162,773.49 342,886.41 

Cooling agents 
SO2 − 57d 74.64 122.4 − 4254.57 − 6976.8 
OC − 80d 0.38 0.91 − 30.64 − 72.8 
Subtotal 

2:    
− 4285.21 − 7049.6 

Total net 
GWP    

158,488.29 335,836.81 

Notes: * Base-year emissions; a. The GWP in a 20-yr time horizon; b. Projected 
emissions from TPP under the best emission estimation scenario (i.e., EOC-B); c. 
Solomon et al. (2007); d. Koch et al. (2007); e. Naik et al. (2005); f. Berntsen 
et al. (2005); g. Collins et al. (2002). 
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electricity generation. In 2019, pollutants’ emissions increased between 
36.9% and 124.8% compared to 2015 due to increased TPPs (i.e., from 
36 to 43 by 2019), with the capacity increased from 20,153 MW to 
27,033 MW. As the rates of change in emissions between 2015 and 2019 
were much higher than the historical record in 2010–2015, it is neces-
sary to update the existing 2015 inventory to 2019 before performing 
the future emission projections. In terms of regional emission contri-
bution, changes were also observed between 2015 and 2019. In 2019, 
the RRD contributed the most significant proportion due to the abun-
dance of coal-fired TPPs (i.e., 13 out of 28). However, due to the newly- 
commissioned coal-fired TPPs in the NCC region during 2015–2019, the 
annual emission contribution from NCC had already overtaken the lead 
from the RRD region. For studies where location is important (e.g., air 
quality modelling), the location discrepancy found in the emission 
projection may result in a large error in the model simulation without a 
better quality of emission inventory. 

In the analysis of future emission projection under PDP7 (rev), it is 
clear that the historical projection (i.e., HP scenario) has resulted in a 
huge underestimation in the future emissions for most pollutants (except 
SO2, where emission controls (e.g., FGD) may have been considered 
during the period). Hence, any climate and air emission inventories (e. 
g., GAINS-Asia) that have taken the same approach might suffer from a 
considerable underestimation in the future projection. The uncertainty 
level for the Vietnam estimates could be as much as 200%. In the EOC-B 
scenario, the future emissions are expected to have a noticeable increase 
with a significant change in the regional distribution. In general, a 
considerable increase (nearly double) in all pollutants except NOx is 
projected as more coal-fired TPPs are scheduled to be operated during 
2020–2030. The regional contribution of air pollutants in 2030 is ranked 
as follows: NCC > RRD > MRD > NMM > SE. From the perspective of air 
pollution control policy, this study reveals a considerable level of 
emission reduction through the progressive implementation of the 
QCVN 22-MT: 2015/BTNMT in the thermal power industry, which in-
dicates a significant step towards the future emission reduction in 
Vietnam’s thermal power sector. For instance, a substantial NOx emis-
sion reduction is expected during 2025–2030 under the emission control 
scenario (i.e., EOC-B). The projected NOx emission change would be 
− 51.8% during this period, but +87.2% between 2020 and 2025. This 
significant reduction is due to retrofitting SCR to all coal-fired TPPs. The 
results also revived the regional spatial change in emission contribution 
in NOx would cause a location shift on transboundary impact, possibly 
more air quality influence to mid-part of Laos and east of Thailand due to 
their proximity to NCC. It is recommended that a follow-up modelling 
study, which utilizes the newly developed TPP inventory, should be 
performed to evaluate the air quality impacts in the surrounding areas. 
As inventories only provide emission source information without taking 
into account physical (i.e., topology and meteorology) and chemical (i. 
e., atmospheric composition) influences on air pollution, it is necessary 
to use air quality models to convert emission amounts into pollutant 
concentrations for further air quality assessment (Li et al., 2021; Thunis 
et al., 2021). 

In terms of climate change policy, our study concludes that by 2030, 
GHG emissions would increase significantly under both EOC-A and EOC- 
B scenarios due to increased coal-fired TPPs (i.e., 28 in 2019 to 45 in 
2030). The Vietnam government has signed the COP21 agreement to 
reduce national GHG emissions by 2030, with the approval of more coal- 
fired TPPs with limited renewable energy production until 2030 in PDP7 
(rev) (Roy et al., 2022). According to this study, it is a challenge for 
carbon emission reduction under the scenario of intense coal usage (i.e., 
EOC-A and EOC-B). To comply with the COP21 agreement, the gov-
ernment should consider not only adding more renewable alternatives 
(e.g., solar, wind, municipal solid wastes, etc.) in the thermal power 
sector but also consider the possibility of retrofitting carbon capture 
technology to the existing coal-fired TPPs to reduce CO2 emission. 

During the development of this paper, the draft PDP8 was released 
and presented at the COP26 meeting in late 2021. In this new PDP, the 

Vietnam government has proposed not to build more coal-fired TPPs 
after 2025. Moreover, they plan to adopt cleaner thermal power tech-
nology (e.g., nature gas) with fewer carbon emissions for future elec-
tricity production. These changes will directly remove some of the 
carbon emissions mentioned in the EOC-B case without the need of using 
carbon capture technology. Based on the drafted PDP8, at least two 
1200 MW power plants (See Table S4) that are scheduled to be 
commissioned between 2025 and 2030 will be cancelled. Moreover, 
some planned coal-fired TPPs will be switched to natural gas-powered. 
As the PDP8 has not been finalized and officially released by the Viet-
nam government, no further assessment or comparison will be per-
formed under this study. 
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