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1. Introduction 

This is the final report for the Balmorel and TIMES updates and model runs in the project “Vietnam 

Energy Outlook 2021 preparation” as part of the Energy Partnership Programme between 

Vietnam and Denmark. This report serves as a steppingstone towards the Energy Outlook Report 

2021, which overall purpose is to: 

 Guide decision makers as well as energy and power planners towards a sustainable 

transition of the energy system – ensuring energy security and diversity of energy 

sources. 

 Ensuring a consensus of Vietnam’s energy challenges and opportunities on a longer term 

 Exploring system-wide implications of fulfilling Resolution 55 statements by putting key 

features of the statements into a system-wide context, discuss the implications and draw 

recommendations. 

 Investigate how Vietnam can contribute to fulfilling the Paris Agreement on climate 

change.  

 Demonstrate how a sustainable energy system does not compromise energy security. 

 Demonstrate the effect of integrating health related pollution costs into energy system 

modelling.  

This report covers both 1) Externality costs of air pollution and 2) Preliminary Paris Agreement 

scenario runs. The aim of the former it to determine the health costs of pollution in Vietnam and 

include these in the energy model runs. The aim of the latter is to prepare suggestions for Paris 

agreement scenario runs for the final Energy Outlook Report 2021 (EOR21). With regards to air 

pollution, the project partners have had difficulties obtaining local data on economic valuation of 

air pollution and emission factors for energy technologies. Therefore, the results in this report 

should be considered preliminary and serves as suggested methodology for how to determine 

and include pollution costs in the energy systems models. 

 

The inputs to the final report from DCE are based on a separate DCE report that will be published, 

see [1]. The relevant sections in this document that are based on the DCE report are: 

 Impact-pathway methodology for economic valuation of air pollution (EVA-system) 

 Input data for the DEHM model  

 Inputs for exposure-response functions and population data for the EVA-system 

 Population data 

 Unit costs of air pollution 

 Comparison with other studies 
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2. Methodology 

Overall methodology and dataflows 

The work described in this report can be categorized under two main study topics: 

1. Externality cost of pollution 

How can we quantify the health-related unit cost (i.e health effect costs per one unit of 

emission) of pollutants and what is their impact on the energy system in Vietnam? 

2. Paris agreement pathways 

How can Vietnam comply with the Paris Agreement and how do different pathways 

compare? 

For both topics, different models are combined to strengthen the analysis. A quick overview of 

the different stages in the study of both topics is given below. A more detailed description of the 

methodology can be read in the remaining sections of this chapter. 

Externality cost of pollution 
The unit cost of different pollutants is calculated by the Department of Environmental Science 

(ENVS) of Aarhus University. This is done through the EVA-system (economic valuation of air 

pollution), which in turn relies on air pollution modelling of Vietnamese emissions on the 

Vietnamese population and the population in surrounding countries with the DEHM model (Danish 

Eulerian Hemispheric Model).  

Resulting sector specific unit costs for the pollutants SO2, NOx and PM2.5 are implemented in the 

TIMES and Balmorel models. The models have detailed accounting of the pollutants generated 

by the energy system (power system only in the case of Balmorel) through characterization of 

both fuels and technologies in the system. The pollution externality cost can also be included in 

the least-cost optimization for both models and is included in the scenario runs performed in this 

study. 

 
Figure 1: Methodology and dataflow for the externality cost of pollution study topic 
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Paris Agreement pathways 
Two Paris agreement approaches are used in this study. The first defines a carbon reduction 

pathway which complies with the IPCC targets from 2018 for its 2-degree scenario and an 

occurrence probability of 50%, which is implemented as annual constraints in the TIMES model. 

The second approach only defines a carbon budget until 2050, where the TIMES model optimized 

the pathway to keep emissions within the total budget. 

 

The TIMES model then performs least-cost optimization for all energy sectors, effectively 

allocating carbon budget across the different energy sectors. In a next step, the resulting carbon 

reduction pathway for the power sector is implemented as an annual restriction in the Balmorel 

model, which then performs a more detailed least-cost optimization of the power sector. 

 

 
Figure 2: Methodology and dataflow for the Paris Agreement pathways study topic 

Impact-pathway methodology for economic valuation of air pollution (EVA-system) 

EVA-system 
Aarhus University has developed a model system for economic valuation of air pollution (EVA-

system). The EVA-system is able to estimate the external costs of health effects of air pollution, 

and hence the unit costs of air pollution to be used as input in energy system optimization. A 

detailed description of the EVA-system, the health effects, related external costs (see Table 2) 

and how it is applied to Vietnam is available in a separate report published by DCE- National 

Centre for Environment and Energy, Aarhus University (Brandt et al. 2021). 

The external costs (also known as externalities) refer to the economic concept of uncompensated 

social or environmental effects. For example, when people buy fuel for a car, they pay the market 

price of that fuel, but not for the derived, non-market costs of burning that fuel, such as impacts 

from air pollution. 
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The EVA-system is based on the impact-pathway method. It can calculate all-cause acute and 

chronic mortality and morbidity based on exposure-response functions for health effects of air 

pollution. 

In Figure 3 the impact pathway is illustrated. Based on information of the spatial and temporal 

variation of emissions from different emission sectors, air quality models are used to estimate air 

pollution concentrations. Human exposure is calculated based on population data and using 

exposure-response functions (derived from epidemiological research, see Table 2) on which the 

health effects of air pollution are estimated. Based on economic valuation of the different health 

endpoints the total external costs of air pollution can be calculated as well as the external costs 

related to different emission sectors. The unit costs, that is, the health effect costs per one unit of 

emission emitted can be calculated by dividing the aggregate cost for a specific emission sector 

with the emission emitted of that sector. Unit costs may be expressed as euros per kg emission. 

 

 

 
Figure 3: The impact pathway chain method used to calculate health effect costs of air pollution in the 

EVA-system. 

  

External costs of air pollution are country specific, due to different income and cost levels in 

different countries, and to adjust the costs to Vietnamese conditions we used the OECD benefit 
transfer methodology, based on GDP-PPP (gross domestic product at purchasing power 
parity), to transform costs of mortality and morbidity from one country to another. Data to adjust 

for difference in income per capita and relative price differences have been obtained from The 

World Bank for 2016 as standard costs for health effects represent 2016 prices in the EVA-

system. This implies that costs of health effects in Vietnam are estimated to be 9.7% of the 

standard costs of health effects in the EVA-system for Denmark. 

DEHM model 
In the present application of the EVA-system for Vietnam the regional air quality model, DEHM 

has been used. Aarhus University in Denmark has developed the DEHM model since the early 

1990ties. DEHM (Danish Eulerian Hemispheric Model) is a three-dimensional, offline, large-scale, 
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Eulerian, atmospheric CTM (chemistry-transport model) with zooming capability (with 2-way 

nested grids of higher resolution) developed to study long-range transport of air pollution in the 

Northern Hemisphere. The model is called “Danish”, since it is developed in Denmark over the 

latest three decades, but it is applicable for all countries in the world. The model is routinely used 

for operational air pollution forecasting, for describing transport and fluxes of CO2, transport of 

persistent organic pollutants (POPs) and impacts from climate change on future air pollution 

levels. DEHM has lately been evaluated in several model inter-comparisons and applied in model 

ensemble studies. DEHM is also used routinely as a part of the Danish Air Quality Monitoring 

Program (both for Denmark and Greenland) and is further a part of the European Copernicus 

Atmospheric Monitoring Service (CAMS), delivering operational input to the ensemble air pollution 

forecasts for Europe. 

DEHM includes capability for two-way nested domains to obtain higher resolution. The mother 

domain covers most of the Northern Hemisphere with a resolution of 150 km×150 km in a 

horizontal grid. Further sub-domains can be set up covering areas of interest with a higher 

resolution. For Vietnam we have set up the model with three domains, where the inner domain 

covers the country with a 16.67 km x 16.67 km grid resolution. 

DEHM also has a tagging capability that enables calculation of the concentration contribution of 

each emission sector and hence the costs of air pollution from each emission sector. 

Comparison with other studies 
We have conducted a small summary/literature review of existing studies in Vietnam/Southeast 

Asia within modelling of health impacts of air pollution. Selected studies are identified for 

comparison with our findings and presented in the results section. 

Inclusion of pollution cost as exogenous input to modelling 

The unit costs of emissions to air pollution found in the project can be added to the two energy 

systems models by adding an emission factor to all technologies in the models. Afterwards, the 

unit costs can be multiplied on the total pollutions and the total cost of pollution can be found. The 

pollution cost can either be included in the optimization or be a post-calculation on the cost of the 

system.  

TIMES 
The TIMES-Vietnam model includes a representation of each end use sector as well as the supply 

side and power production. To include the pollution costs in the optimization, the emission factor 

for each technology and each pollutant have to be added to the model before the pollution cost 

can be applied. 

As it was not possible to collect emission factors during the project, the factors included in most 

of the sectors are the Danish numbers reported by the Department of Environmental Science at 

Aarhus University [1]. For the power sector, the emission factors used in Balmorel have been 

added to the TIMES-Vietnam model. For the transport on waterways, the Danish emission factors 

for SO2 have been increased by a factor of 27 to reflect that there has been a heavy focus on 

reducing the SO2-emission from ships in Denmark recently. The factor of 27 is based on the 

difference from emission before regulation of the SO2-emissions to today. 

Balmorel 
In Balmorel, emissions of SO2, NOx and PM2.5 related to the production of electricity are tracked. 

CO2 and SO2 emissions depend on the fuel consumption for coal, biomass and oil. NOx and PM2.5 

emissions are assigned directly to the generation units as well as desulfurization rates. 
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Units costs related to the emissions of above-mentioned pollutants have been included in the 

model based on the results of the EVA-system for the power system. The pollutant externality 

costs can either be implemented for tracking purposes only, or they can be included in the least-

cost optimization, so that the least-cost optimization includes health costs. 

 

For the Paris scenarios, the Balmorel model is soft-linked to the TIMES model. The TIMES model 

performs an optimization of the carbon emission according to two methods (see later), resulting 

in two pathways for each of the energy sectors. Balmorel implements the resulting pathway (both 

methods result in the same pathway) for the power sector as a restriction in the model. 

Defining a carbon reduction pathway for Vietnam 

Emission of greenhouse gasses, where CO2, CH4 and N2O are most important, is a budget 

problem. It is the concentration of greenhouse gasses in the atmosphere, which are causing the 

future temperature to increase by reflecting more of the heat radiation from the surface of Earth 

back to Earth instead of into space. The budget is found by the relation between temperature 

increase in degrees Celsius and concentration of carbon-dioxide equivalents (CO2e) in the 

atmosphere. It is calculated in three percentiles for the probability of staying within a certain 

temperature increase. The carbon budget in this study is based on the IPCC’s estimation from its 

1.5-degree special report for the 2-degree scenario and an occurrence probability of 50% [2]. The 

size of Vietnam’s carbon budget in this scenario results from its global population share in the 

reference year and its global share of cumulative carbon emissions until the reference year. The 

reference year is 2015 and both factors are weighted equally. If the suggested allocation would 

be adopted by all countries in the world, the entire global budget would be covered. Shipping and 

aviation are not included in the budget as these end-use sectors are not within the model scope. 

The budget amounts to 13.98 Gt CO2e or 0.9 % of the global budget, which is approximately 1.5 

trillion tons CO2e. 

 

In the TIMES-Vietnam model the greenhouse gases carbon-dioxide (CO2), methane (CH4) and 

nitrous oxide (N2O) are summarized under the carbon constraints. The global warming potentials 

compared to CO2 are set to 21 and 310, respectively [3].  

 

It is assumed that the Vietnamese economy will continue to grow at an average rate of around 

6.5 percent as forecasted by the Worldbank for 2022 [4], and that the emissions are yet far from 

decreasing as forecasted in the EOR19 report [5]. This imposes considerable challenges to reach 

full decarbonization by 2050. Thus, a relaxed target for 2050 is set to the same emission level as 

observed in 2015. The target amounts to 188 Mt CO2e and the budget until 2050 to 11.55 Gt 

CO2e. Further, emissions are expected to continue to decrease at a moderate speed in the 

second half of this century. By a continuous linear reduction net zero emissions would be reached 

by the end of the century. The emission trajectory yields an IPCC compliant reduction pathway 

and was found using the described approach as shown in Figure 4. 
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Figure 4: Example of a carbon budget and distribution over the years. Source: www.carbonbudget.world  

(accessed on: 2021-02-11) 

 

When a pathway or a budget has been decided on, it can be given to TIMES as targets that 

needs to be met. TIMES can then be run and the resulting split of the budget between sectors 

can be seen. The budget allocated for the power sector can then be fed into Balmorel. 

Inclusion of biofuel and synthetic fuel production 

To be able to run a Paris Agreement scenario in the TIMES model, it was necessary for the model 

to have more options for shifting to other (non-fossil) fuels. As a part of this project, the possibility 

of producing and using biofuels and synthetic fuels were added. The model team was provided 

with a formerly developed version of the model file necessary for the production of the fuels. The 

model file was prepared by E4SMA and we have included this in the model. Furthermore, the 

option for using biofuels and synthetic fuels have been added to the power sector and the demand 

sectors. We have made no adjustments to the costs, efficiencies, etc. as given in the original 

model file. The inclusion of biofuels and synthetic fuels have only been considered for the model 

runs for the Paris Agreement scenario. 
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3. Input data description 

Input data for the DEHM model  

Emission dataset from 2010 
The DEHM model requires emissions of SO2 (sulphur dioxide), CO (carbon monoxide), NOx (nitric 
oxides), NMVOC (non-methane volatile organic compounds), NH3 (ammonia) and PPM2.5 
(primary emitted particles less than 2.5 µm in diameter). 

We have identified the global emission dataset - HTAP_v2 emissions – as the emission dataset 
with the highest quality for Asia and Vietnam, which is considered to be the best available 
emission data for this region. This dataset was used as the standard emission inventory in a 
model inter-comparison study where a total of 14 chemical transport models (CTMs) participated 
in the first topic of the Model Inter-Comparison Study for Asia (MICS-Asia) phase III. The applied 
HTAP_v2 emission data for Vietnam is shown in Table 1. 

Table 1: HTAP_v2 emission data for Vietnam for 2010 (ktonnes). Given as ktonnes-S, ktonnes-C, 

kgtonnes-N, ktonnes-NMVOC, ktonnes-PPM2.5 

Emissions in Table 1 are given with the units of ktonnes-S, ktonnes-C and ktonnes-N. To convert 

e.g. S to SO2 based on the molecular mass a conversion factor of 2.00 has to be used, and hence 

the total emission of SO2 is 2x395=790 ktonnes in SO2 units, and similar factors of 2.33 for CO, 

3.29 for NOx (kton-NO2) and 1.21 for NH3. 

Meteorological data 
Meteorological data from 2019 is calculated using the meteorological model (WRF - Weather 

Research and Forecasting model), setup on the same domains as DEHM. 

As the emission dataset is from 2010 then calculated concentrations and associated health effects 

will also represent conditions in 2010. 

Inputs for exposure-response functions and population data for the EVA-system 

Details on exposure-response function and standard costs for health effects for the different 

morbidity and mortality outcomes are presented in Table 2.  

  

Emission sector SO2 CO NOx NMVOC NH3 PPM2.5 

SNAP01 - Energy production and 

transformation 

53 4 26 2 0 6 

SNAP02 - Residential 40 2552 26 1083 160 2 

SNAP03 - Industry 132 43 34 153 5 135 

SNAP07 - Road/land transport 36 714 41 835 1 2 

SNAP08 - Aviation 0 1 2 0 
 

0 

SNAP10 - Agriculture 
    

346 
 

Ship transport, EEZ Vietnam 133 21 160 16 
  

Total 395 3335 289 2089 512 145 
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Table 2: The health endpoints and relative risks used in EVA – based on the WHO recommendations (the 

RR for SO2 is taken from the ExternE project).  The standard costs are given for Denmark in 2016 prices. 

Population data 

The EVA-system used the global population density from Socioeconomic Data and Applications 

Center (SEDAC: (http://sedac.ciesin.columbia.edu/data/collection/gpw-v4/sets/browse) on a 2.5-

minute spatial resolution (approximately 4-5 km resolution). In these data, the age breakdown is 

available for the year 2010. 

Health endpoint Pollutant Range Ages RR per 

10 

µg/m3 

Standard costs in 

EVA-system 

(Denmark) 

Acute mortality 

O3 >35 ppb All 1.0029 

4242611 Euro/case 
NO2 (daily max) no thresh. All 1.0027 

PM2.5 no thresh. All 1.0123 

SO2 no thresh. All 0.072% 

Acute mortality infants 
PPM2.5 (from 

PPM10) 
no thresh. Infants 1.0400 6362416 Euro/case 

Chronic mortality  
PM2.5 no thresh. >30 1.062 

149594 Euro/YOLL 
NO2 >20ug/m3 >30 1.0550 

Hospital admissions (HA):      

Cardiovascular HA/incl 

stroke 
PM2.5 no thresh. All 1.0091 15999 Euro/case 

Cardiovascular HA/excl 

stroke 
O3 >35 ppb >65 1.0089 15877 Euro/case 

Respiratory HA PM2.5 no thresh. All 1.0190 

9940 Euro/case Respiratory HA O3 >35 ppb >65 1.0044 

Respiratory HA NO2 no thresh. All 1.0180 

Bronchitis (KOL)/children 
PM2.5 (from 

PM10) 
no thresh. 6-18 1.0480 162 Euros/case 

Bronchitis (KOL)/adults 
PM2.5 (from 

PM10) 
no thresh. >18 1.1170 38933 Euros/case 

Asthma symptoms/children 
PM2.5 (from 

PM10) 
no thresh. 5-19 1.0280 1325 Euros/day 

Days with restricted activity 

(sick days)  
PM2.5 no thresh. All 1.0470 148 Euros/day 

Working days lost  PM2.5 no thresh. 20-65 1.0460 273 Euros/day 

Days with minor restricted 

activity (O3) 
O3 >35 ppb All 1.0154 78 Euros/day 

Lung cancer morbidity PM2.5 no thresh. above 30 1.14 72697 Euros/case 
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Emission factors and costs 

The unit costs are found through the EVA-system and applied in the TIMES and Balmorel models 

using the costs given in Table 15. As described in the results section, there are two emission 

costs given – one for emissions directly affecting Vietnam and one where the cost of the emissions 

drifting abroad are also included. The unit costs have been scaled according to the GDP per 

capita as found by PwC (see [6] and [7]) to reflect the unit cost in future years. The GDP per 

capita and the resulting scaling factor for each year in the model is given in Table 3. The scaling 

factor is found by using the following formula: 

𝑆𝑐𝑎𝑙𝑖𝑛𝑔 𝑓𝑎𝑐𝑡𝑜𝑟 =  
𝐺𝐷𝑃 𝑝𝑒𝑟 𝑐𝑎𝑝𝑖𝑡𝑎

𝐺𝐷𝑃 𝑝𝑒𝑟 𝑐𝑎𝑝𝑖𝑡𝑎
 

Where the y is the year to find the scaling factor in and elasticity refers to an applied elasticity, 

which is set to 0.8 as suggested in [8]. 

Table 3: GDP per PPP term and resulting scaling factor for the scaling of the unit costs. 

Year GDP per capita [US$] Scaling factor 
2016 6300 1 
2020 7700 1.17 
2025 9700 1.41 
2030 12400 1.72 
2035 15600 2.07 
2040 19400 2.46 
2045 23500 2.87 
2050 28200 3.32 

Only NH3 emissions were available from agriculture in the emission inventory, . Combustion from 

agricultural equipment must be included in another sector in the HTAP_v2 inventory. We have 

assumed that unit costs for SO2, NOx and PPM2.5 are similar to unit costs for road transport.  

TIMES 
The emission factors applied for TIMES represent the emitted mass in gram of each pollutant 

based on the supplied energy. The numbers are given below on sector and fuel level, and where 

relevant also on technology level. 

The emission factors in the supply sector are given in Table 4. The emission factors for the supply 

sector are kept constant over the whole model horizon. 

Table 4: Emission factors applied for the supply sector [g/GJ].  

 
 

NOx SO2 PM2.5 
Domestic extraction of Coal 183 397 7 

Natural gas 31.68 0.43 0.1 
Crude oil 129 344 4.8 

Refining of Crude oil 560 348 50 
In TIMES, the emission factors shown in Table 5 have been applied for the power sector. These 

emission factors are for most of the technologies the same as for Balmorel. However, due to 

different spatial and sectoral aggregation levels between the models, some emission factor where 

subject to change to account for these structural differences. Some of the technologies were not 

given in the data for Balmorel – here Danish numbers have been applied. For a few of the 

technologies, the emission for the fuel given in Balmorel were found to be much lower than the 

Danish numbers – here a scaling factor has been used to find an equivalent number for a 

Vietnamese technology. 
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Table 5: Emission factors for the power production in TIMES [g/GJ]. A “B” denotes that data is from 

Balmorel, a “D” that it is from Danish numbers, and “M” that a multiplication factor has been used to 

convert a Danish number to a Vietnamese technology. 

Input NOx SO2 PM2.5 Technology Source 
Coal 152 39.06 8.2  B 
Fuel oil 108.4 408 3.56  B 
Diesel 108.4 212.4 3.56  B 
Natural gas 68 0.43 0.1  NOx: B, 

SO2/PM2.5: D 
Natural gas 328 0.5 0.16 Engine NOx: M, 

SO2/PM2.5: D 
Natural gas 117 0.43 0.051 Existing steam turbine NOx: M, 

SO2/PM2.5: D 
Municipal waste 75 8.3 0.29  D 
Primary solid biofuels 125 1.9 1.8 Steam turbine B 
Primary solid biofuels 221 8.9 2 Integrated gasification 

combined cycle 
B 

Biogas & landfill gas 28 25 1.5  D 
Biogas 202 19.2 0.206 Engine D 
Bagasse 125 1.9 1.8  B 

For coal and natural gas, a development in the emission factor of NOx is given from Balmorel (p. 

16). The development for the relevant technologies are shown in Table 6. A coal technology 

installed in 2030 would thereby have a lower NOx-emission than a coal technology installed in 

2010. The years in between the years given in the table will have a linear decrease in emission 

factor. 

Table 6: Development in the emission factor of NOx for technologies in the power sector in TIMES using 

coal or natural gas as input [g/GJ]. 

Input 2010 2020 2030 2040 2050 
Coal 152 152 150 150 50 
Natural gas 68 68 50 50 30 
Natural gas - engine 328 328 241 241 117 

For the agricultural, commercial, and residential sector, all emission factors are given on fuel level 

only. The emission factors applied in each sector are given in Table 7.  

Table 7: Emission factors for agriculture, commercial and residential sectors [g/GJ]. 

Sector Input NOx SO2 PM2.5 

Agricultural 
Coal 95 397 7 
Fuel oil 142 344 7 
Diesel and gasoline 52 6.7 5 

Commercial 

Coal 95 397 7 
Kerosene 51 5 5 
Diesel 52 6.7 5 
LPG 71 0.13 0.2 

Residential 
Coal 95 397 7 
Kerosene 52 6.7 5 
Diesel 51 5 5 
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LPG 47 0.13 0.2 
Primary solid biofuels 73 11 290 
Rice husk, straw, bagasse, other biomass 154 115 433 
Biogas 19.6 25 0.1 

For the industrial sector, the emission factors have been applied mainly on fuel level, however, 

for the generation of process heat for the cement and iron & steel sector, a different emission 

factor has been applied for the use of coal, natural gas, and fuel oil. The applied factors are shown 

in Table 8. All the emission factors are Danish numbers. 

Table 8: Emission factors for the industrial sector [g/GJ]. 

Input NOx SO2 PM2.5 

Coal 183 359 7 
Coal – Process heat 189 232 7 
Natural gas 61.2 0.45 0.1 
Natural gas – Process heat 61.6 0.45 0.1 
Fuel oil 129 344 4.8 
Fuel oil – Process heat 161.9 344 4.8 
Diesel 130 6.7 5 
Kerosene 51 5 5 
LPG 96 0.13 0.2 
Primary solid biofuels, rice husk, and other biomasses 90 11 10 

For the transport sector in TIMES, emission factors are split by type of demand and fuel. The 

emission factors applied are given in Table 9. For some of the fuels and demand types, it was not 

possible to find Danish numbers. For these, the Danish factor for another demand type is used, 

and then a multiplication factor was calculated based on the same type of demand but for another 

fuel. For example, the emission factor for the heavy commercial vehicle running on LPG was not 

available in the Danish data. Then, the emission factor for light commercial vehicles running on 

LPG was used and multiplied by the factor for heavy commercial vehicle driving on diesel divided 

by the factor for light commercial vehicle running on diesel. 

Table 9: Emission factors for the transport sector [g/GJ]. A "D" under source means Danish numbers, an 

"R" in parenthesis means that it is the reference for the multiplication of the same type, and an "M" means 

that the value has been found using the multiplication method described in the text. 

Demand Fuel NOx SO2 PM2.5 Source 
National freight service Jet fuel 236 22.9 4.6 D 
National passenger service Jet fuel 236 22.9 4.6 D 

Heavy commercial vehicle – bus, coach, 
and truck 

CNG 34.9 0 0.48 D 
Diesel 143 0.47 2 D (R) 
Gasoline 670 0.46 0 D 
LPG 139 0 0.21 M (LC) 

Light commercial vehicle – goods and 
passengers 

CNG 16.7 0 0.6 D 
Diesel 341 0.47 5.6 D 
Gasoline 99.2 0.46 0.6 D 
LPG 331.4 0 0.6 D 

Two-wheeler & three-wheeler 
CNG 24.75 0 14.70 M (LC) 
Diesel 505.31 0.47 137.20 M (LC) 
Gasoline 147.0 0.46 14.70 D (R) 
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LPG 491.09 0 14.70 M (LC) 

Car 

CNG 10.6 0 0.4 D 
Diesel 251 0.47 4.4 D 
Gasoline 60.8 0.46 0.63 D 
LPG 310.7 0 0.74 D 

Railway – goods, passengers, metro, 
and mainline & suburban passenger 

Natural gas 27.28 0 7.5 D 
Diesel 541 0.47 7.5 D 

Water transport 
Diesel 1420 1094 22 D (R) 
Fuel oil 1981 1320 90.8 D 
Gasoline 6653 1070 0 M (HC) 

Balmorel 
Balmorel uses emission factors for CO2 and SO2 as shown in Table 10.These are based on 

international numbers and confirmed for use in Vietnamese context by Institute of Energy. 

Table 10: Emission factors for CO2 and SO2 in the power sector [g/GJ].  

 CO2 (kg/GJ) SO2 (kg/GJ) 
Coal 95.0 0.714 
Natural gas 56.8-73.8* - 
Fuel oil 78.0 1.000 
Diesel 74.0 0.561 
Biomass - 0.025 
MSW - 0.156 

* CO2 emissions for natural gas depend on the origin (CVX: 73.8, Block B: 62.5, other domestic NG and 

LNG: 56.8) 

Emission factors for NOx and PM2.5 as well as desulfurization percentage are directly assigned to 

each generation technology in the Balmorel model. The full overview can be found in the 

Appendix. For existing and committed technologies, the data is based on technology data 

received from Institute of Energy, for investment technologies data is based on the Vietnamese 

Technology Catalogue 2019 [3].Unit costs related to health for the power sector are taken from 

the EVA-results as shown in Table 15. 

Scenarios for energy systems analysis 

The following scenarios have been formulated in order to test the implementation of new features 

in the model and provide an indication of how these features impact the solution of the energy 

systems models. The Air Pollution scenarios are run for both TIMES and Balmorel. The Paris 

Agreement scenarios showed similar CO2-pathways for the power sector and as the pathway is 

used as input to Balmorel, it has only been run for one of these scenarios. The Paris Agreement 

scenario with restriction on nuclear has been run only for Balmorel. In the following, it is described 

what these scenarios includes for each of the models. Table 11 gives an overview of the 

conducted scenarios. 
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Table 11: Overview of the scenarios run for the energy systems analysis. A “T” under Model refers to 

TIMES and a “B” to Balmorel. 

Description Scenario 
name 

Model 

Reference scenario BAU T+B 
Reference with costs of air pollution inside Vietnam AirPolVN T+B 
Reference with costs of air pollution in Vietnam and abroad AirPolVN+ T+B 
Reference including biofuel and synthetic fuel production and 
less restrictions in end-use demands with targets for each year 
to meet a carbon budget in line with the Paris Agreement ParisYear 

T+B 

As ParisYear but with a carbon budget for the full model 
horizon and a goal for 2050 ParisHoriz 

T 

Paris scenario where no nuclear investments are allowed in 
the power sector 

ParisNoNucl 
B 

Reference 
A reference scenario has been run for each of the models to have a scenario to compare the 

extensions against. 

In TIMES, the reference scenario was subject to small changes compared to the existing BAU 

scenario provided by the Vietnamese TIMES experts. First, the emission factors described above 

were added to the BAU scenario to keep track of the pollution from all scenarios. Second, the 

REDS-targets1 were applied for the power sector to be aligned with the Balmorel model. When 

adding these targets, the scenario had minor infeasibilities when running the model. To avoid 

these infeasibilities, some of the user constraints (UC) were removed. The removed UCs are: 

 Limits on hydro plant production 

 Limits on biomass power production 

 Limits on renewable power production 

 Growth of biomass, wind, and solar power capacity 

 No combined heat and power plants (CHP) allowed in the industrial sector 

The reference scenario for Balmorel is closely related to the C1 RE Target scenario in the Energy 

Outlook Report 2019 (EOR19) [4]. The development of the power sector until 2050 considers the 

REDS targets.  

The power demand has been updated since the EOR19 to represent the different sectors 

(commercial, residential, transport and industry). No demand response has been included in the 

scenarios in this study. 

Air pollution 
To consider the impact of air pollution on the results of the energy systems models, two scenarios 

have been formulated. These two scenarios are the same for both TIMES and Balmorel. The first 

(AirPolVN) includes the cost of pollution inside Vietnam, and the other (AirPolVN+) includes the 

cost of pollution outside of Vietnam as well.  

Paris Agreement 
For the Paris Agreement scenarios, the carbon budget found through the method described in 

section 0 has been applied. The carbon constraints are applied by two different approaches and 

cover both the entire time horizon and all sectors. The first approach introduces a carbon budget 

 
1 The Renewable Energy Development Strategy translates into targets for the share of renewable electricity production of 

38% in 2020, 32% in 2030, and 43% in 2050. 
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as shown in Figure 4, which is fixed by upper emission limits for all model years in the model (the 

ParisY-scenario). Emissions must then stay below the given bounds in each year. This gives the 

targets shown in Table 12. For the intermediate years, a linear interpolation has been used. 

Table 12: Overview of the CO2-targets applied in the ParisY-scenario. 

Year  CO2-target, ktonne CO2e 
2016 192,670 
2020 329,577 
2030 489,658 
2040 282,495 
2050 188,330 

In the second approach, a budget and a target value for the last model year 2050 are introduced 

(the ParisH-scenario). Hereby, the model deliberately optimizes the carbon emissions for each 

base year, which constraints the model less compared to the first approach. The carbon budget 

used for the years 2016 to 2050 is 11.55 Gt CO2e. The target value used for 2050 is the same as 

in the ParisY-scenario. 

Since the Paris Agreement scenarios have a higher need for shifting technologies, these 

scenarios have been run with less restrictions on the choice of technologies. For the TIMES code, 

it means that the user constraints for the agricultural (UC-AGR), commercial (UC-COM), industrial 

(UC-IND), and residential (UC-RSD) sector, have been replaced by their 75 equivalents (UC-

AGR75, etc.). The 75 refers to a limit on the market share of 75% in 2030 for technologies of the 

type “improved” for each demand type and a 38% limit in 2030 for the “advanced” technologies. 

For the default user constraint, the market share of the improved technologies is set to 1% and 

the advanced technologies to 0.5%. The choice of technology type is also restricted in the default 

user constraints, such that the fuel choice in 2050 is relatively close to that in 2016. In the 75-

version of the user constraints there are no bounds on the fuel selection. These two changes in 

the restrictions make the model able to chose both newer technologies and technologies with 

another fuel.2 

 

The Paris scenarios in Balmorel use results from TIMES for describing the carbon reduction 

pathway in the power sector. Only the pathway for the ParisYear-scenario is used as the two 

TIMES scenarios result in similar carbon reduction trajectories for the power sector. Following the 

same pathway as the ParisYear scenario, the scenario ParisNoNucl additionally imposes a ban 

on nuclear generation. The restriction on CO2 emissions per year are shown in Table 13. 

Table 13: Power sector carbon reduction pathway for the Paris scenarios, input from TIMES [Mtonne].  

 CO2 limit (Mtonne) 
2020 148.27 
2025 69.21 
2030 66.63 
2035 40.19 
2040 32.81 
2045 14.06 
2050 0.01 

 
2 The impact of running with biofuel and synthetic fuel production has been run in the scenario BioSyn, and the inclusion 

of adding the new user constraints are included in the BioSyn- scenario. The results of these model runs can be seen in 

the appendix, page 44. 



             

Page | 19 

 

4. Results 

Unit costs of air pollution 

The estimated unit costs of air pollution will be integrated into the energy system models in order 
to model different scenarios which accounts for air pollution costs. 

Table 14 gives the unit costs for each emission sector and the different pollutants calculated with 
the EVA-system for Vietnam. Unit costs are given for ‘Vietnam only’ which means that only health 
impacts within Vietnam are included and not health impacts that arise outside Vietnam due to 
emissions in Vietnam. ‘Total in Vietnam and abroad’ means unit costs that reflects health impacts 
in Vietnam and abroad due to emissions from Vietnam.  

Note that unit costs in Table 14 are given per kg-N, kg-S, kg-C, whereas kg-PPM2.5 are the total 
mass. 

Table 14: Unit costs per kg emission for different emission sectors in Vietnam (2016 prices). Euros per kg-

N, kg-S, kg-C, kg-PPM2.5, OECD benefit transfer factor (0.097) 

Unit costs - in Vietnam only (Euro)  

Species emissions SOx NOx NHx NMVOC PPM2.5 

Species Impacts SO2+SO4 O3-O3neg 

+NO3+NO2 

NH4 SOA PM2.5 

SNAP01 - Energy production 

and transformation 

3 11 - - 4 

SNAP02 - Residential 9 27 2 1 24 

SNAP03 - Industry 3 13 - 0 5 

SNAP07 - Road/land transport 4 15 - 0 13 

SNAP08 - Aviation - -   - - 

SNAP10 - Agriculture     1     

Ship transport, EEZ Vietnam 3 4   6 2 
      

Unit costs - total in Vietnam and abroad (Euro)     

Species emissions SOx NOx NHx NMVOC PPM2.5 

Species Impacts SO2+SO4 O3-O3neg 

+NO3+NO2 

NH4 SOA PM2.5 

SNAP01 - Energy production 

and transformation 

14 32 - - 10 

SNAP02 - Residential 40 82 7 2 54 

SNAP03 - Industry 13 36 - 1 13 

SNAP07 - Road/land transport 18 46 - 0 31 

SNAP08 - Aviation - -   - - 

SNAP10 - Agriculture 0 0 4 0 0 

Ship transport, EEZ Vietnam 11 12 0 25 7 

Note ‘-‘ means that emissions are low and therefore there are large uncertainties on the prediction of 

concentrations and hence health impacts and related costs, and therefore also on the unit costs. 
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The unit costs for ‘Total in Vietnam and abroad’ is substantially higher than ‘Vietnam only’ with a 
factor of 2-5 depending on emission sector and pollutant. This means that emissions in Vietnam 
cause more external costs outside Vietnam than within Vietnam. 

In Table 14 unit costs are given as per kg-N for NOx etc. In Table 15 the unit costs are given for 
the mass of NOx (in NO2 units) etc. by conversion based on the molecular mass. See former 
section 3.3 for conversion factors. 

Table 15: Unit costs per kg emission for different emission sectors in Vietnam (2016 prices). Euros per kg 

of SOx, NOx, NHx and PPM2.5. NMVOC is in kg-C. OECD benefit transfer factor (0.097). 

Comparison with other studies 

We have compared our findings where relevant and possible with identified selected studies from 

Vietnam/Southeast Asia within air quality and health impacts and related external impacts of air 

pollution. The full study can be found in [1]. 

A study by WHO  [9] states that Vietnam's annual population weighted mean concentration of 

PM2.5 is 26 µg/m3 in 2012 which exceeds the recommended guideline of 10 µg/m3 by the WHO 

Unit costs - in Vietnam only (Euro)  

Species emissions SOx NOx NHx NMVOC PPM2.5 

Species Impacts SO2+SO4 O3-O3neg 

+NO3+NO2 

NH4 SOA PM2.5 

SNAP01 - Energy production and 

transformation 

2 3 - - 4 

SNAP02 - Residential 4 8 2 1 24 

SNAP03 - Industry 2 4 - 0 5 

SNAP07 - Road/land transport 2 5 - 0 13 

SNAP08 - Aviation - -   - - 

SNAP10 - Agriculture 0 0 1 0 0 

Ship transport, EEZ Vietnam 1 1 0 6 2 
      

Unit costs - total in Vietnam and abroad (Euro)     

Species emissions SOx NOx NHx NMVOC PPM2.5 

Species Impacts SO2+SO4 O3-O3neg 

+NO3+NO2 

NH4 SOA PM2.5 

SNAP01 - Energy production and 

transformation 

7 10 - - 10 

SNAP02 - Residential 20 25 6 2 54 

SNAP03 - Industry 7 11 - 1 13 

SNAP07 - Road/land transport 9 14 - 0 31 

SNAP08 - Aviation - -   - - 

SNAP10 - Agriculture 0 0 4 0 0 

Ship transport, EEZ Vietnam 6 4 0 25 7 

Note ‘-‘ means that emissions are low and therefore there are large uncertainties on the prediction of 

concentrations and hence health impacts and related costs, and therefore also on the unit costs. 
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and the limit value of European Union of 25 µg/m3. Annual mean concentration of PM2.5 in 

Vietnam is approx. 2-3 times higher than levels in Denmark. In our study, we calculated a 

population weighted mean of 29 µg/m3 for PM2.5 for Vietnam for 2010 which is close to what WHO 

estimates for 2012. 

The Word Bank has estimated the Gross Domestic Product (GDP) of Vietnam in 2016 

(Purchasing Power Parity (PPP) adjusted) to 634 billion USD equivalent to 513 billion euro (World 

Bank, 2016). We use a price level of 2016 level as the standard health costs represent 2016. We 

estimate the total external costs to approx. 43 billion euros due to all air pollution due to domestic 

and foreign emission sources (2016 prices with emissions from 2010). This is approx. 8% of GDP 

and roughly 50% higher compared to other studies for Vietnam (4.5-5.6%) as shown in [1]. 

Energy systems analysis 

The overall fuel consumption compared to the reference case is shown in Figure 5. From the 

figure it is possible to draw some main conclusions: 

 The use of coal is subject to big changes when air pollution costs or CO2-budgets are 

applied. 

 Synthetic natural gas3 shows to be an important player in the future Vietnamese energy 

system. 

 If synthetic natural gas is not available, natural gas is necessary for limiting air pollution. 

In the following sections, the scenario results will be presented and discussed in more details. 

 
Figure 5: The fuel consumption of the five main scenarios for all years. The fuel consumption is shown as 

percentage of the Reference scenario. 

 
3 Upgraded biogas (CH4) from biomass gasification through CO2-removal, available in the power sector in TIMES 
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Air pollution 
After adding the emission factors, a test run has been made to check how far away the TIMES 

model runs are from the total emissions of the EVA-results. The TIMES results are from the year 

2014 and the EVA-results are from data in 2010. It is expected that the TIMES results will have 

higher total emissions as the demands for energy services have increased in Vietnam since 2010. 

An overview can be seen in Table 16, where the emissions from the agricultural sector have been 

added to the road/land transport category. Here it is apparent, that the numbers are not aligned 

with those from the EVA-results. It shows that almost all pollutants are underestimated compared 

to the EVA-results. When looking at the totals for each pollutant then TIMES results are around 

half of the EVA results, which can partly be explained by the fact that Danish emission factors 

has been used for the sectors/technologies where data from Vietnam was not available. The 

larger differences seen for each sector can be explained by how the emissions are distributed on 

sectors in the HTAP_v2-inventories, as exemplified with the emissions from the agricultural 

sector. Especially the PPM2.5 emissions in the residential sectors shows to be relatively far from 

the emission inventory.  

It is expected that the numbers will never be one-to-one correct. A similar study made by Aarhus 

University and Energy Modelling Lab showed similar (but smaller) discrepancies for Denmark 

[10]. We suggest to first update the emission factors based on Vietnamese data and if large 

discrepancies are still showing, the emission factors need to be calibrated taking growth and other 

factors into account before the final model runs. 

Table 16: Percentage difference of the TIMES results compared to the EVA-results. The emissions for the 

agricultural sector have been added to those of the road/land transport as no emission data is available for 

the agricultural sector in the HTAP_V2-data. 
 Percentage difference 

(TIMES results – EVA results)/EVA results 

Emissions in tonnes SO2 NOx PPM2.5 

Energy production and transformation 0.1% 164.7% 185.8% 

Residential -70.4% -73.5% 2636.8% 

Industry + commercial -56.2% -13.8% -96.7% 

Road/land transport -96.9% -38.7% 45.2% 

Aviation -40.1% -43.7% 27.7% 

Ship transport -94.4% -96.2% - 
Total -66.7% -52.5% -42.6% 

A ‘-‘ indicates that the HTAP_v2-data had no emissions for the sector and pollutant. 

The total emissions per year can be seen in Figure 6 for the scenarios related to air pollution. 

Overall, the pollution is reduced with 16% in the AirPolVN scenario, and 47% in the AirPolVN+ 

scenario in 2050. The biggest change is happening in the power sector and the supply sector. 

The power sector shows to be able to eliminate approximately half of its pollution in 2050 in the 

AirPolVN scenario compared to the Reference and the supply sector a fifth. For the AirPolVN+ 

scenario, these reductions are increased to almost 90% for the power sector and 75% for the 

supply sector in 2050. This indicates that these sectors are the easiest sectors to decarbonize. 

From the graph, it is hard to see the effect on the industrial, residential and commercial sector, 

however, all three have less air pollution than in the Reference scenario. For all results for TIMES, 

it is worth noting that the transport sector is not optimized, which is why the transport sector is not 

affected by any changes made. It is seen below that the air pollution from the transport sector is 

the same in all three scenarios. 
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Figure 6: Total of air pollutants in the air pollution scenarios split on sectors. SUP: supply sector, RSD: 

residential sector, PWR: power sector, IND: industrial sector, COM: commercial sector, AGR: agricultural 

sector, and TRN: transport sector. 

 

The split can also be shown for each pollutant, however for NOx and SO2, these are in-line with 

the development as shown in the figure above. For PM2.5 the results are quite differently 

distributed on the different sector. In Figure 7, the PM2.5 pollution is shown. The residential sector 

impacts the PM2.5 emissions to a larger extend than for the other pollutants. This relates to the 

use of biomass for cooking. In the TIMES model there are only limited options for the residential 

sector to avoid air pollution, thus, there is a higher inertia towards shifting to less polluting 

technologies. 

 
Figure 7: Pollution from PM2.5 split on each sector. SUP: supply sector, RSD: residential sector, PWR: 

power sector, IND: industrial sector, COM: commercial sector, AGR: agricultural sector, and TRN: 

transport sector. 

The total system costs can be compared with the resulting health impact costs for each of the air 

pollution scenarios. In Figure 8, this comparison has been made. For the Reference scenario, 
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there are obviously no health impact costs included in the optimization. However, the costs can 

be added to the Reference scenario as a post-calculation. The Reference_VN and 

Reference_lVN+ scenarios show the costs of the Reference scenario when the unit costs from 

the two scenarios have been added as a post calculation. For the AirPolVN-scenario, the health 

impact costs are 16% of the total system costs. For the AirPolVN+ scenario, this number is 

increased to almost 29% of the total system costs. Using the unit costs from the AirPolVN-

scenario in the Reference scenario, the health impact costs would increase the total costs and be 

17% of the total system costs. If the unit costs from the AirPolVn+ scenario is added, these will 

take almost 40% of the total costs.  It is no surprise that the total system costs including the post-

calculated heath costs for the reference scenario – as shown by the red markers in the plot – are 

reduced when including the health costs in the optimization as done in the air pollution scenarios.  

 
Figure 8: Emission costs compared to the objective function costs for the two air pollution scenarios and 

the reference scenarios with added costs of the pollution as given in the air pollution scenarios. The 

difference in the total system costs compared to the reference scenario with post-calculated emission 

costs for Vietnam only are marked with the red line in the plot. 

When including the costs of air pollution in the optimization, the model shifts away from some 

fuels that are more polluting than others. From Figure 9, where the fuel consumption is plotted, 

this is especially seen to affect the use of coal and natural gas. The electricity consumption is 

excluded from the figure to avoid double counting as it is also input to the production of certain 

fuels. It shows that the use of coal is almost halved in 2030 in the AirPolVN scenario and around 

a third in the AirPolVN+ scenario. Natural gas shows to be a natural substitute of coal and shows 

to increase although not completely substituting coal. 
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Figure 9: Fuel consumption for all sectors. 

When looking at the fuel consumption for the demand sectors (agriculture, commercial, industrial, 

and residential), see Figure 10 and Figure 11, it is clear that some sectors are more affected by 

a cost on the air pollution than others. The figures show the total fuel consumption over all year 

in the TIMES model. In the agricultural sector, gasoline use shows to be reduced but overall, this 

sector shows little response to the pollution cost, which can be explained by a lack of possibilities 

to shift technology. The agricultural sector actually increases the pollution, which can be explained 

by less other sectors using coal, which can then in turn be used in the agricultural sector. Coal 

technologies are well represented in this sector. For the two other sectors, the consumption of 

electricity is decreased, which is the most significant change to see. Both sectors also reduce 

their coal consumption – the residential sector only slightly.  
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Figure 10: Fuel consumption for the agricultural (AGR), commercial (COM), and residential (RSD) sector 

for all years in the model horizon. 

For the industrial sector, the use of natural gas is increased whereas the use of electricity 

decreases and pushes out a bit of the coal and fuel oil use. Biodiesel and kerosene usage shows 

not to be affected by the added cost of polluting. Biomass and diesel usage are decreased slightly. 

 
Figure 11: Fuel consumption for the industrial sector for all years in the model horizon. 

For the power sector, the simulations with the Balmorel model focus on the three scenarios related 

to air pollution: Reference, AirPolVN, and AirPolVN+.  
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Figure 12: Annual air pollution from the power sector under the Reference, AirPolVN and AirPolVN+ 

scenarios.  

Figure 12 shows total air pollutant emissions per year in the power sector for these three 

scenarios. As expected, pollution emissions are decreased when pollution costs are accounted 

for in the optimization. Overall, the pollution in the power sector is reduced on average by 16% in 

the AirPolVN scenario, and 36% in the AirPolVN+ scenario compared to the Reference scenario.  

In the scenario AirPolVN, the largest differences are seen in the years 2035, 2040, 2045 and 

2050, where approximately a fourth of the pollution can be eliminated. In the AirPolVN+ scenario 

close to half of the pollution is eliminated in 2035, 2040, 2045 and 2050. Thus, taking the 

externality cost of pollution actively into account leads to substantial pollution reductions.  

 
Figure 13: Annual electricity generation mix for the Reference, AirPolVN, and AirPolVN+ scenarios.  

The total electricity generation is expected to quadruple within 30 years. Figure 13 illustrates the 

electricity mix by generation type under the three scenarios related to air pollution. Including the 

externality costs of air pollution in the objective function (AirPolVN and AirPolVN+) results in a 
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decrease in coal consumption compared to the Reference scenario. The pollution reduction 

shown in Figure 12 is mostly related to this reduced coal consumption. Increasing renewable 

generation, primarily solar and offshore wind, as well as increased LNG import compensate for 

the coal generation reduction. While until 2045, LNG import is the biggest factor in offsetting the 

loss of coal generation, by 2050, offshore wind has become the cheapest coal alternative due to 

decreases for the technology. Domestic coal and natural gas remain constant; the resource is 

fully utilized in all simulations. In all three scenarios, nuclear power generation is added into the 

mix in 2050.  

 
Figure 14: Annual power system cost in scenarios Reference, AirPolVN and AirPolVN+.  

Figure 14 shows the annual power system costs in the scenarios. Note that in the Reference 

scenario the pollution costs are not part of the optimization and included ex-post, while they are 

explicitly considered in the optimization for the other two scenarios. Comparing the AirPolVN 

scenario to the Reference scenario shows that the system costs without pollution increases on 

average by 1.4%. However, the total costs, i.e., overall costs including pollution externalities, 

reduce slightly (0.4% on average). As expected, system costs disregarding externalities increase, 

but only marginally, while the actual total system cost accounting for externalities decrease when 

properly considering pollution cost. Since higher costs of pollution are included in the calculations 

in AirPolVN+, the annual system cost increase on average by 14%.  

Paris Agreement 
When running the Paris Agreement scenarios, the TIMES-Vietnam model gave infeasibilities in 

2050 for the transport sector and the industry sector. The reason for the industry sector to give 

infeasibilities is that there is a demand for coal as a feedstock. In this project there has been no 

time to update the industry sector, but this is necessary to make a firm conclusion on what could 

be done to reach a Paris Agreement target. The transport sector has no options to shift fuel usage 

in the current model and also needs to be updated to allow for a Paris Agreement scenario. Even 

though these infeasibilities occur in 2050, it is possible to conclude on the pathway to 2050 and 

which sectors (excluding the transport sector) should be decarbonized when. In the following, the 

figures are shown with 2045 as the end year even though the model has been run until 2050. 

The total system costs of the two Paris Agreement scenarios for TIMES shows to be 

approximately 22% higher compared to the Reference scenario. This shows that there are 
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significant costs to achieve the targets set in this study as an example of the goals for Vietnam to 

achieve the Paris Agreement goals. 

In Figure 15 the greenhouse gas emissions for each sector are shown. The GHG-emissions are 

affected by the inclusion of production of biofuels and synthetic fuels as these fuels provide 

relevant alternatives to coal and diesel. The most affected sector is the power sector, which has 

close to no emissions in 2045. The industry sector shows to be harder to decarbonize and still 

have emissions of approximately 30 Mt CO2e in 2045.  

 
Figure 15: Greenhouse gas emissions for each sector. 

For the Paris Agreement scenarios to take place, there is a strong need for biofuels and synthetic 

fuels. This shows in Figure 16, where the fuel consumption for all sectors have been plotted. In 

2040, the use of synthetic natural gas in the ParisYear scenario is increased to almost half of the 

fuel consumption. In the ParisHoriz scenario, this shift is a bit delayed due to the target that is 

only set in 2050. This also shows in Figure 15 where the emissions in the ParisYear and 

ParisHoriz scenarios are around 46 Mt CO2e apart in 2040, whereas the emissions are more than 

120 Mt CO2e apart in 2045. Some of the synthetic natural gas is replacing natural gas but coal 

and diesel is also replaced in the Paris Agreement scenarios. The large replacement of these 

fuels and the extensive use of synthetic natural gas might point to a problem in the technology 

data for the synthetic natural gas production – we suggest revisiting the costs implemented for 

the fuel production. 
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Figure 16: Fuel consumption for all sectors. 

The Paris agreement scenario shows to reduce considerable the coal use, and therefore it is 

expected that it further reduces the air pollution. This is shown in Figure 17, where it can be seen 

that the pollution in both of the Paris Agreement scenarios is lower than those in the two air 

pollution scenarios. This indicates that focusing on CO2 reductions will also limit the air pollution 

considerably and more than penalizing the air pollution itself. 

 
Figure 17: The air pollution in the Paris Agreement scenario compared to the Reference and air pollution 

scenarios for all years in the model horizon. 
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When focusing on the demand sectors, there are also shifts in fuel consumption in all of the 

sectors as shown in Figure 18 and Figure 19. The agricultural sector sees an extended use of 

biodiesel in both of the Paris Agreement scenarios compared to the reference scenario. The use 

of gasoline is decreased but the use of coal is increased in the ParisHoriz scenario. This shows 

that there is some room for more emissions than in the ParisYear scenario. The commercial 

sector is very close to a scenario where production of bio- and synthetic fuels are included 

(BioSyn-scenarios), see p. 41, which indicates that the emission reductions come without an extra 

cost in this sector, however, it is also clear that this sector is depending on emission reductions 

from the power sector as more than half of the fuel use is electricity. The residential sector also 

relies on emission reductions from the power sector and the main difference in this sector is an 

extended use of biogas compared to the Reference scenario, which seems to replace the use of 

biomass. This change is caused by the inclusion of the production of biogas already in the BioSyn- 

scenarios. 

 
Figure 18: Fuel consumption in the agricultural (AGR), commercial (COM), and residential (RSD) sectors 

for all years in the model horizon. 

 
For the industrial sector, the biggest change is the reduction in coal and the shift to biodiesel 
from diesel. There is also a decrease in the use of natural gas but synthetic natural gas is not 
used. These two are however interchangeable and synthetic natural gas can be used in any 
natural gas technology in the model. 
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Figure 19: Fuel consumption in the industrial sector for all years in the model horizon. 

 

For the power sector, three scenarios are compared through simulations with the Balmorel model: 

Reference, ParisYear, and ParisNoNucl. 

For the Reference scenario, no soft link of CO2 emissions was made in between TIMES and 

Balmorel. Both models optimize CO2 emissions independently, both considering the REDS 

targets. A consistency check between total CO2 emissions is shown in Figure 20. 

Overall, the CO2 emissions found for the power sector by both models are comparable. The 

largest difference can be seen in 2050, where Balmorel results show a large increase in solar 

generation and significant utilization of imported LNG, resulting in a drop in annual CO2 emissions 

compared to 2040. For the year 2020 it shows that there are lower emissions in Balmorel than in 

TIMES. The electricity consumption in TIMES shows to be at the same level as the generation of 

electricity in Balmorel. This indicates that the applied version of TIMES-Vietnam has not been 

updated with the most recent development in the power sector, e.g., recent installation of wind 

turbines and solar power. This along with checking the general compatibility between the two 

models should therefore be updated for the final scenario runs. 
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Figure 20: Annual CO2 emissions in the power sector. Comparison of TIMES and Balmorel 

 
Figure 21: Annual CO2 emissions in the power sector for the Reference and ParisYear scenario 

Figure 21 shows the carbon emissions by fuel. The graph omits the ParisNoNucl scenario as it is 

identical to ParisYear in terms of emissions by fuel. Compared to the Reference scenario, the 

ParisYear scenario shows a radical decrease in carbon emissions. Already in 2025, emissions 

are only a third of the Reference emissions. By 2045, this number drops to 3%. By 2050, virtually 

all CO2 emissions are avoided, as enforced by the carbon emission limit in the Paris Agreement.  

Figure 22 shows the annual electricity generation by source for the Reference, ParisYear and 

ParisNoNucl scenarios. The use of fossil fuels drastically decreases in the Paris scenarios 

(ParisYear and ParisNoNucl) compared to Reference, and solar power becomes dominant. Due 

to the large solar production, battery capacity is increased. Note that nuclear power production 

becomes part of the generation mix in ParisYear scenario from 2030 onwards and in Reference 

scenario in 2050 only. These results show that in order to meet the carbon emission limits, a shift 

away from all CO2-emitting power sources towards non-emitting sources is necessary.  
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Figure 22: Annual electricity generation by source in the Reference and Paris Agreement scenarios.  

Both Paris scenarios are more expensive compared to the Reference scenario, see Figure 23. 

This is mostly due to the increased capital costs under the Paris scenarios, which result from the 

drastic shift of electricity generation mix highlighted in Figure 22. At the same time, fuel costs and 

emissions taxes decrease under the Paris scenarios compared to the Reference scenario.  

 

 
Figure 23: Annual power system cost for the Reference and Paris Agreement scenarios. 

5. Conclusion 

Health impact from air pollution is a substantial cost to society and a focus on reducing local air 

pollution together with reduction of climate gasses can become a win-win situation. When health 

impact costs from air pollution are included in the optimization in the energy system models then 

especially the power sector will be affected. The power sector shows to be able to reduce the air 

pollution significantly – only accounting for pollution impact for Vietnam reduces pollutants up to 
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50%, including impact on neighbors results in a reduction of almost 90%. The rest of the demand 

sectors are to some degree able to reduce their air pollution, however, the current setup of the 

TIMES model allows for limited shift of fuels in these sectors.  

The unit cost of pollutants differs a lot between sectors and this is caused by many factors such 

as population density and proximity to the source, release height of pollutant, cleaning facilities 

(scrubbers, filters etc.). Transport and residential emissions have high costs because the 

pollutants are delivered directly and mostly uncleaned close to the citizens. 

Accounting for cost of air pollution scenarios reduces emissions without substantially increasing 

total system cost. Considering the health impact costs in the Reference scenario shows that it is 

increasing the total system costs to be higher than the system costs in the air pollution scenarios, 

indicating that it is important to consider when doing socio-economic optimization. The health 

impact costs take up around 17% of the total system costs in the reference scenario with costs 

for Vietnam only and almost 40% when including the costs of air pollution caused by Vietnam in 

neighboring countries. 

From the air pollution scenarios, it shows that the externality cost of air pollution does not drive 

decarbonization of the power sector, and therefore specific Paris Agreement scenarios are 

necessary to achieve the goals herein. The Paris Agreement scenarios results in approximately 

22% increase in costs for the full system, and the results show that the CO2-targets for especially 

the power sector needs to be low to be able to achieve the goals of the Paris Agreement. The 

results from TIMES shows that a full decarbonization of the power sector by 2050 is necessary 

as the other sectors will not be able to decarbonize in the same tempo as the power sector.  

6. Recommendations for further work 

Based on the model runs made for this study, it is recommended to look more into the following 

points for the future scenarios to be considered in the EOR21-report: 

 Update of the emission factors in TIMES to reflect Vietnamese data – hereafter a 

calibration with EVA results. 

 Update of the transport sector to allow for optimizing the split on fuel level. 

 Update of sectors in TIMES to allow for decarbonization options. This is especially 

necessary in the industry sector. 

 All soft-linking between TIMES and Balmorel as envisioned in the EOR21 modelling 

framework, including power demand, synthetic fuels and biomass allocation, import and 

export with neighboring countries and insurance of consistency between the outputs. 

 The investment option in increased desulfurization for existing or future technologies 

could be added in the models. Cost assumptions need to be discussed with Institute of 

Energy. 

 Include future unit costs of emissions e.g. by scaling with the growth in GDP as step one 

and more comprehensively to build up an iterative process from the coupling of the air 

pollution model with the energy optimization models.  

 Capacity building in Vietnam to develop a high-quality and high-resolution emission 

inventory divided into the different emission sectors together with an air quality monitoring 

network. 

 Capacity building in Vietnam for carrying out research within economic valuation of health 

impacts from air pollution. 
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8. Appendix 

Desulfurization, emissions of NOx and PM2.5 per technology 
 

Desulfurization 
  

 
SOx NOx PM 

Existing % g/GJ g/GJ 
Na Duong I #1 95% 29.54 8.04 
Na Duong I #2 95% 29.54 8.04 
Pha Lai 1 26% 303.59 8.26 
Pha Lai 2 93% 303.59 8.26 
Uong Bi 93% 303.59 8.26 
Uong Bi Extension 1 93% 303.59 8.26 
Uong Bi Extension 2 93% 303.59 8.26 
C.Ngan 1 95% 29.54 8.04 
C.Ngan 2 95% 29.54 8.04 
North Diesel  0% 149.70 89.47 
Hai Phong I#1 93% 303.59 8.26 
Hai Phong I#2 93% 303.59 8.26 
Hai Phong II #1 93% 303.59 8.26 
Hai Phong II #2 93% 303.59 8.26 
NĐ Cam Pha I 95% 28.72 7.82 
NĐ Cam Pha II 95% 28.72 7.82 
Quang Ninh I #1 93% 295.38 8.04 
Quang Ninh I #2 93% 295.38 8.04 
Quang Ninh II #1 93% 295.38 8.04 
Quang Ninh II #2 93% 295.38 8.04 
Son Dong #1 95% 29.54 8.04 
Son Dong #2 95% 29.54 8.04 
Mao Khe I-220MW 95% 29.54 8.04 
Mao Khe II-220MW 95% 29.54 8.04 
Mong Duong I #1 28% 295.38 8.04 
Mong Duong I #2 28% 295.38 8.04 
Mong Duong II #1 93% 295.38 8.04 
Mong Duong II #2 93% 295.38 8.04 
Thai Binh I #1 93% 303.59 8.26 
An Khanh #1 95% 29.54 8.04 
An Khanh #2 95% 29.54 8.04 
Nghi Son #1 93% 303.59 8.26 
Nghi Son #2 93% 303.59 8.26 
Vung Ang I #1 93% 295.38 8.04 
Vung Ang I #2 93% 295.38 8.04 
Formusa HT1 (cogen) 93% 303.59 8.26 
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ND Than Nong Son 93% 303.59 8.26 
Loc dau Dung Quat 16% 125.88 75.23 
Phu My 2-1 

 
- - 

Phu My 2-1extension 
 

- - 
Phu My 2.2 

 
- - 

Dam Phu My 
 

- - 
Nhon Trach I CC 

 
59.22 - 

Nhon Trach II CC 
 

59.22 - 
Thu Duc #1 ST 45% 81.65 48.80 
Thu Duc #2 ST 45% 81.65 48.80 
Thu Duc #3 ST 45% 81.65 48.80 
Thu Duc #4 GT 45% 81.65 48.80 
Thu Duc #5 GT 45% 81.65 48.80 
Thu Duc #6 GT 45% 81.65 48.80 
Thu Duc #7 GT 45% 81.65 48.80 
Thu Duc #8 GT 45% 81.65 48.80 
Ba Ria GT #1 100% 28.24 - 
Ba Ria GT #2 100% 28.24 - 
ND Can Tho 69% 81.65 48.80 
TBK Can Tho 0% 149.70 89.47 
O Mon I #1-FO 

 
132.69 79.30 

O Mon I #2-FO 
 

- - 
Ca Mau I CC 

 
47.38 - 

Ca Mau II CC 
 

47.38 - 
Hiep Phuoc (IPP) #1 ST 

 
149.70 89.47 

Hiep Phuoc (IPP) #2 ST 
 

149.70 89.47 
Hiep Phuoc (IPP) #3 ST 

 
149.70 89.47 

Amata+Vedan 
 

361.02 9.83 
ND than Vedan 93% 303.59 8.26 
Formosa 1 93% 30.36 8.26 
Formosa 2 93% 30.36 8.26 
Formosa 3 93% 30.36 8.26 
Vinh Tan II #1 93% 30.36 8.26 
Vinh Tan II #2 93% 30.36 8.26 
Vinh Tan I #1 93% 30.36 8.26 
Duyen Hai I #1 93% 30.36 8.26 
Duyen Hai I #2 93% 30.36 8.26 
Duyen Hai III #1 93% 30.36 8.26 
Duyen Hai III #2 93% 30.36 8.26 
Duyen Hai III #3 93% 30.36 8.26 
Vinh Tan IV#1 91% 35.28 9.60 
Vinh Tan IV#2 91% 35.28 9.60 
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Phu My 4 
 

- - 
Phu My 1 

 
- - 

Phu My 3 
 

- - 
BaRiaC/C#1GT3x37.5ST56 

 
47.38 - 

Ba Ria C/C#2 GT3x37.5MW, 
ST1x62M 

 
47.38 - 

    

Committed 
   

Na Duong II 86% 152 18.9 
Thang Long I 86% 152 18.9 
Thai Binh I #2 86% 152 18.9 
Thai Binh II #1 86% 152 18.9 
Thai Binh II #2 86% 152 18.9 
Hai Duong #1 86% 152 18.9 
Hai Duong #2 86% 152 18.9 
Nam Dinh I #1 86% 152 18.9 
Nam Dinh I #2 86% 152 18.9 
ND Hai Ha 1 (cogen) 86% 152 18.9 
An Khanh II 86% 152 18.9 
Nghi Son II #1 86% 152 18.9 
Nghi Son II #2 86% 152 18.9 
Vung Ang II #1 86% 152 18.9 
Quang Trach I #1 86% 152 18.9 
Quang Trach I #2 86% 152 18.9 
Formusa HT2 (cogenaration) 86% 152 18.9 
Cong Thanh 86% 152 18.9 
TBKHH Dung Quat #1 

 
78 7.2 

TBKHH Mien Trung 1 
 

78 7.2 
Nhon Trach III CC 

 
78 7.2 

Nhon Trach IV CC 
 

78 7.2 
O Mon III - Lo B 

 
78 7.2 

O Mon IV - Lo B 
 

78 7.2 
Vinh Tan I #2 86% 152 18.9 
Vinh Tan III #1 86% 152 18.9 
Duyen Hai II #1 86% 152 18.9 
Duyen Hai II #2 86% 152 18.9 
Long Phu I #1 86% 152 18.9 
Long Phu I #2 86% 152 18.9 
Song Hau I #1 86% 152 18.9 
Song Hau I #2 86% 152 18.9 
Vinh Tan IV ext 86% 152 18.9 
TBKHH Dung Quat #2 

 
78 7.2 

TBKHH Mien Trung 2 
 

78 7.2 
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Investment - Balmorel name 
   

Coal_High_Sub_20_29 86% 152 18.9 
Coal_Low_Sub_20_29 86% 152 18.9 
Coal_Imp_Sub_20_29 86% 152 18.9 
Coal_High_Sub_30_49 86% 150 18.9 
Coal_Low_Sub_30_49 86% 150 18.9 
Coal_Imp_Sub_30_49 86% 150 18.9 
Coal_High_Sub_50 95% 38 18.9 
Coal_Low_Sub_50 95% 38 18.9 
Coal_Imp_Sub_50 95% 38 18.9 
Coal_High_Super_20_29 86% 152 18.9 
Coal_Imp_Super_20_29 86% 152 18.9 
Coal_High_Super_30_49 86% 150 18.9 
Coal_Imp_Super_30_49 86% 150 18.9 
Coal_High_Super_50 95% 38 18.9 
Coal_Imp_Super_50 95% 38 18.9 
Coal_High_Ultra_Super_30_49 86% 150 18.9 
Coal_Imp_Ultra_Super_30_49 86% 150 18.9 
Coal_High_Ultra_Super_50 95% 38 18.9 
Coal_Imp_Ultra_Super_50 95% 38 18.9 
Coal_AUSC_35_50 95% 38 18.9 
Coal_CCS_High_30_49 86% 150 18.9 
Coal_CCS_Low_30_49 86% 150 18.9 
Coal_CCS_Import_30_49 86% 150 18.9 
Coal_CCS_High_50 95% 38 18.9 
Coal_CCS_Low_50 95% 38 18.9 
Coal_CCS_Import_50 95% 38 18.9 
CCGT_East_NG_20_29 

 
78 7.2 

CCGT_West_NG_20_29 
 

78 7.2 
CCGT_CVX_20_29 

 
78 7.2 

CCGT_LNG_20_29 
 

78 7.2 
CCGT_East_NG_30_49 

 
60 7.2 

CCGT_West_NG_30_49 
 

60 7.2 
CCGT_CVX_30_49 

 
60 7.2 

CCGT_LNG_30_49 
 

60 7.2 
CCGT_East_NG_50 

 
20 7.2 

CCGT_West_NG_50 
 

20 7.2 
CCGT_CVX_50 

 
20 7.2 

CCGT_LNG_50 
 

20 7.2 
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Biofuel and synthetic fuel production 

Two scenarios have been run for checking the effect of adding the biofuel and synthetic fuel 

production: BioSyn and BioSyn-. The BioSyn scenario simply adds the possibility of producing 

and using the new fuels, while the BioSyn- as the Paris Agreement scenarios includes the user 

constraints ending with 75, see page 17.  

The addition of biofuels impacts the fuel composition as can be seen in Figure 24. It shows that 

coal is affected by the possible use and production of synthetic natural gas. The resulting coal 

usage is close to that in the air pollution scenario with the highest cost (AirPolVN+). The high 

amount of synthetic natural gas shows that the used technology costs might be set too low. Before 

the final runs, this should be checked and updated if necessary. It shows that also the use of 

biodiesel has increased in the BioSyn scenario, whereas it is on the same level as in the reference 

scenario for the BioSyn- scenario.  

 
Figure 24: Fuel consumption for all sectors for the inclusion of production of biofuels and synthetic fuels. 

 

The inclusion of biofuels and synthetic fuels also affects the air pollution heavily. In Figure 25, the 

air pollution for the biofuel scenarios is compared to that of the air pollution scenarios. For the 

scenario where only the inclusion of the production of biofuels is included, the total pollution is in 

between the AirPolVN scenario and the reference scenario. For the BioSyn- scenario where the 

user constraints are less limited, the figure shows that the air pollution is further reduced and only 

5% apart from the AirPolVN+ scenario. This indicates that utilizing biofuels and synthetic fuels 
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have a great impact on the air pollution in Vietnam and those fuels should be implemented to 

allow for this transition. 

 
Figure 25: Air pollution after inclusion of the possible biofuel and synthetic fuel production. 

 


