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FOREWORD 


Today, innovations and technology improvements within energy generation and storage are taking place at a very 
 rapid pace, making long-term energy planning a central key to unlocking the potential of the new, green 
 technologies. The long-term planning of energy systems is very dependent on cost and performance of future 
 energy producing technologies. Thus, the objective of this technology catalogue is to provide a solid estimation of 
 costs and performance for a wide range of power producing technologies, thereby providing a key input to solid 
 long-term energy planning in Vietnam. 


Due to the multi-stakeholder involvement in the data collection process, the technology catalogue contains data 
 that have been scrutinised and discussed by a broad range of relevant stakeholders including Electricity and 
 Renewable Energy Authority (EREA) and agencies under the Ministry of Industry and Trade – MOIT, Vietnam 
 Electricity – EVN, independent power producers, local and international consultants, organizations, associations 
 and universities. This is essential because a main objective is to produce a Technology Catalogue which is well 
 anchored amongst all stakeholders.  


The Technology Catalogue will assist long-term energy/power modelling in Vietnam and support government 
 institutions, private energy companies, think tanks and others through a common and broadly recognized set of 
 data for future electricity producing technologies in Vietnam. 


The Vietnamese Technology Catalogue builds on the approach of The Danish Technology Catalogue, which has 
 been developed by the Danish Energy Agency and Energinet in an open process with stakeholders for many years. 


Context 


This publication is developed under the Danish-Vietnamese Energy Partnership. The first Viet Nam Technology 
 Catalogue was published in 2019. This new version includes all the technologies from the 2019 version that have 
 been reviewed and updated where necessary. A main focus of the update has been to add new subcategories of 
 technologies (roof-top solar PV, floating offshore wind, low wind speed turbines, improved flexibility of coal fired 
 plants and pollution prevention technologies for coal power) as well as completely new technology descriptions 
 and data sheets (tidal power, wave power, carbon capture and storage, coal CFB boilers and industrial 
 cogeneration). 


Acknowledgements 


This Technology Catalogue is a publication prepared by EREA, Institute of Energy, Ea Energy Analyses, the 
Danish Energy Agency and the Danish Embassy in Hanoi. The publication is mainly financed by Children’s 
Investment Fund Foundation (CIFF) managed by The European Climate Fund (ECF). 
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INTRODUCTION 


The technologies described in this catalogue cover both very mature technologies and emerging technologies, which 
 are expected to improve significantly over the coming decades, both with respect to performance and cost. This 
 implies that the cost and performance of some technologies may be estimated with a rather high level of certainty 
 whereas, in the case of other technologies, both cost and performance today and in the future is associated with a 
 high level of uncertainty. All technologies have been grouped within one of four categories of technological 
 development described in the section on research and development indicating their technological progress, their 
 future development perspectives and the uncertainty related to the projection of cost and performance data. 


The technologies in the catalogue includes the power production unit and the connection to the grid. This means 
 that the boundary for both cost and performance data are the generation assets plus the infrastructure required to 
 deliver the energy to the main grid. For electricity, this is the nearest substation of the transmission grid. This 
 implies that a MW of electricity represents the net electricity delivered, i.e. the gross generation minus the auxiliary 
 electricity consumed at the plant. Hence, efficiencies are also net efficiencies. 


The text and data have been edited based on Vietnamese cases to represent local conditions. For the mid- and long-
 term future (2030 and 2050) international references have been relied upon for most technologies since Vietnamese 
 data is expected to converge to these international values. In the short run differences may exist, especially for the 
 emerging technologies. Differences in the short run can be caused by e.g. current rules and regulations and level of 
 market maturity of the technology. Differences in both the short and long run can be caused by local physical 
 conditions, e.g. seabed material and offshore conditions can affect costs of offshore wind farms and wind speed can 
 affect the dimensioning of rotor vs. generator which can influence the cost, or domestic coal quality can affect 
 efficiency and variable cost of coal-fired plants as well. 


Land use is assessed but the cost of land is not included in the total cost assessment since this depends on local 
 conditions. 


Detailed description of the approach can be found in Appendix 1. 
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1.  PULVERIZED COAL FIRED POWER 


Brief technology description 


In a coal fired power plant, pulverized coal is burned to generate steam used to generate electricity. Coal-fired plants 
 run on a steam-based Rankine cycle. In the first step the operating fluid (water) is compressed to high pressure 
 using a pump. In the next step, the boiler heats the compressed fluid to its boiling point converting it to steam, still 
 at a high pressure. In the third step the steam is allowed to expand in the turbine, thus rotating it. This in turn rotates 
 the generator and mechanical energy is converted to electromagnetic energy which is then converted to electrical 
 energy and electricity is produced. The final step in the cycle involves condensation of the steam in the condenser. 


See Figure 1 below. 


Figure 1: Schematic representation of operational flow of steam-based Rankine cycle in coal plants (ref. 3). 


Generally, one distinguishes between three main types of coal fired power plants: subcritical, supercritical and ultra-
 supercritical. Besides these three, there is also advanced ultra-supercritical coal fired power plants. The names refer 
 to the input temperature and pressure of the steam when entering the high-pressure turbine. The main differences 
 are the efficiencies of the plants, as shown in the Fig. 2. In Vietnam, a number of subcritical plants are operating 
 but this catalogue focuses on supercritical and ultra-supercritical as no new subcritical plants are planned in Vietnam 
 in the future in according to the orientation indicated in Power Master Plan VIII (chapter IV). 


Subcritical is defined as below 200 bars and 540°C. Both supercritical and ultra-supercritical plants operate above 
the water-steam critical point, which requires pressures of more than 221 bars (by comparison, a subcritical plant 
will generally operate at a pressure of around 165 bars). Above the water-steam critical point, water will change 
from liquid to steam without boiling – that is, there is no observed change in state and there is no latent heat 
requirement. Supercritical designs are employed to improve the overall efficiency of the generator. There is no 
standard definition for ultra-supercritical versus supercritical. The term ‘ultra-supercritical’ is used for plants with 
steam temperatures of approximately 600°C and above (ref. 1). This is shown in Figure 2 below. Advanced ultra-
supercritical power plants operate at 700-725°C and at 250-350 bars. Advanced ultra-supercritical power plants 
need more advanced materials (ref. 16). 



(12)Figure 2: Definitions of sub-, super-, and ultra-supercritical plant (ref. 6). 


Input 


The process is primarily based on coal but will be applicable to other fuels such as wood pellets and natural gas. 


Also, heavy fuel oil can be used as start-up or reserve fuel. 


Coal fired power plants typically use pulverized coal. Coal is pulverized into small pieces such that the surface area 
 is increased, and it burns more easily. Existing coal fired plants could potentially be converted to use natural gas or 
 LNG. Natural gas or LNG could improve flexibility of the plant, lower CO2 emissions and potentially reduce costs. 


For instance, in the US, more than 2 percent of the existing coal fired power plant have been converted from coal 
 to natural gas since 2010. 


The extent of the conversion of the plant depends primarily on the design of the boiler. Moreover, the environmental 
 legislation could also cause more significant design changes in order to meet needed emissions requirements.  


In some cases, the coal burner can simply be modified to use natural gas instead while in other cases, the coal burner 
 needs to be completely replaced. This depends on the age of the equipment and the environmental requirements. 


Conversion of fuels can be associated with a loss of efficiency since the heat transfer with the new or modified 
 burning of fuel varies from what the boiler was originally designed for. The impact depends on the  physical 
 geometry of the boiler, materials of construction, remaining component life, desired operating capacity and how 
 sensitive the steam turbine-generator set is to changes in temperature. Moreover, the moisture content of natural 
 gas could also impact the heat transfer. (ref. 15) 


Output 


Power. The auxiliary power need for a 500 MW plant is typically 40-45 MW, and the net electricity efficiency1 is 
 thus 3.7-4.3 percentage points lower than the gross efficiency (ref. 2). In general, the self-consumption of the coal-
 fired plants is about 8- 9 percent. 


Typical capacities 


Subcritical power plants can be from 30 MW and upwards. Supercritical and ultra-supercritical power plants must 
 be larger and usually range from 400 MW to 1500 MW (ref. 3).   


Ramping configurations 


Pulverized fuel power plants can deliver both primary load support (frequency control) and secondary load support.


Advanced units are in general able to deliver 1.5÷5 percent of their rated (maximum) capacity as frequency control 
 within 30 seconds at loads between 50 and 90 percent.  


This fast load control is achieved by utilizing certain water/steam buffers within the unit. The load support control 
 takes over after approximately 5 minutes, when the frequency control function has utilized its water/steam buffers. 


The load support control can sustain the 5 percent load rise achieved by the frequency load control and even further 
 to increase the load (if not already at maximum load) by running up the boiler load.


1 For a power plant, the gross efficiency is defined as the electric capacity divided by the fuel consumption while the net 
efficiency is defined by the electric capacity minus the auxiliary power need divided by the fuel consumption. See Appendix 



(13)Negative load changes can also be achieved by by-passing steam (past the turbine) or by closure of the turbine 
 steam valves and subsequent reduction of boiler load. 


Typical Danish coal-based power plants have minimum generation of 15-30 percent and ramping speeds of roughly 
 4 percent of nominal load per minute on their primary fuel. These results have been achieved through retrofitting 
 in relation to existing plants. The investments typically include installation of a boiler water circulation system, 
 adjustment of the firing system, allowing for a reduction in the number of mills in operation, combined with control 
 system upgrades and potentially training of the plant staff. (Ref. 5 and ref. 6). 


Table 1: Examples of relevant areas for increased flexibility (ref 6). 


Advantages/disadvantages 
 Advantages: 


• Mature and well-known technology. 


• The efficiencies are not reduced as significantly at part load compared to full load as with combined cycle 
 gas turbines. 


Disadvantages: 


• Coal fired power plants with no pollution control emit high concentrations of NOx, SO2 and particle matter 
 (PM), which have high societal costs in terms of health problems. According to several studies including 
 Bascom et al., 1996 and Kelsall et al., 1997 (see ref. 14 for a more comprehensive review) air pollution 
 from coal fired power plants is responsible for thousands of premature deaths each year globally.  


• Coal firing results in a relatively high CO2 emission 


• Coal fired power plants using the advanced steam cycle (supercritical) possess the same fuel flexibility as 
 the conventional boiler technology. However, supercritical plants have higher requirements concerning fuel 
 quality. Inexpensive heavy fuel oil cannot be burned due to materials like vanadium, unless the steam 
 temperature (and hence efficiency) is reduced, and biomass fuels may cause corrosion and scaling, if not 
 handled properly. 


• Compared to other technologies such as gas turbines or hydro power plants, the coal thermal plants have 
 lower ramp rates, are more complex to operate and require a large number of employees. 


• Using water from rivers or seas for cooling can change the local aquatic environment. 


Environment 


The burning and combustion of coal creates the products CO2, CO, H2O, SO2, NO2, NO and particle matter (PM). 


CO, NOx and SO2 particles are unhealthy for the brain and lungs, causing headaches and shortness of breath, and 



(14)in worst case death. CO2 causes global warming and thereby climate changes (ref. 3). 


It is possible to implement filters for NOx and SO2. Technologies and costs for reducing pollution is described a 
 section below (“Technologies to reduce pollution”).  


All coal-fired plants in Vietnam must ensure that the emissions are within the permitted level as specified in: 


• National Technical Regulation on Emission of Thermal Power industry (QCVN 22: 2009/BTNMT) 


• National Technical Regulation on Ambient Air Quality (QCVN 05:2013/BTNMT) 


• National Technical Regulation on Industry Emission of inorganic Substances and dusts (QCVN 19: 


2009/BTNMT) 


Without applying technical solution to control the emission, the amount of pollutants such as dust, SO2, NOx and 
 CO2 will exceed the allowed limit. Therefore, the coal-fired plants in Vietnam are applying the emission filters to 
 maintain emission within permitted level, including: 


• Electrostatic precipitator (ESP): Remove ash from the exhaust 


• Flue-gas desulfurization (FGD): Reduction of SO2, (Some old thermal plants such as Pha Lai 1 and Ninh Binh 
 have not yet applied) 


• Selective Catalytic Reduction (SCR): Reduction of NOx (Thermal plants using Circulating Fluidized Bed boiler 
 do not apply) 


• In addition, the chimneys of the plants are required to install a continuous emission monitoring system (CEMS) 
 Employment  


In general, a 1,200 MW coal-fired plant needs 2,000-2,500 employees on average during construction and 
 afterwards 600-900 employees continuously for operation and maintenance (not including coal mining workers).   


Research and development 


Conventional supercritical coal technology is well established and therefore  no major improvements of the 
 technology are expected (category 4). There is very limited scope to improve the cycle thermodynamically. It is 
 more likely that the application of new materials will allow higher pressure and temperature in the boiler and thus 
 higher efficiencies, though this is unlikely to come at a significantly lower cost (ref. 4).  


For increased flexibility see ref. 5, 6 and 8. 


Examples of current projects 


Subcritical: Quang Ninh coal-fired power plant (ref 9). 


Quang Ninh coal-fired power plant is in Ha Long City, Quang Ninh province, with a total capacity of 4x300 MW, 
 developed in 2 phases: Quang Ninh 1 thermal power plant (2x300 MW) operated from March 2011 and 2012 
 respectively and Quang Ninh 2 (2x300 MW) operated from 2013 and 2014 respectively. Quang Ninh thermal plant 
 is a pulverised coal-fired plant using subcritical boiler with superheated steam parameters: 174 kg/cm2 (equal 170 
 bar) and 541°C. Self-consumption rate of plant is 8.5% (maximum 25.5 MW per unit), the name plate electricity 
 efficiency (net) at LHV is 38%. The annual average efficiency is 35.49%. The main fuel is anthracite from Hon 
 Gai, Cam Pha coal mine and the annual coal consumption is about 3 million tons per year (for the whole plant of 
 1200 MW). The auxiliary fuel is fuel oil - No5, used to start the furnace and when the load is less than 77% of the 
 norm. By applying a NOx reduction solution in the combustion chamber, the NOx emission of Quang Ninh thermal 
 plant is less than 750 mg/Nm3, the SO2 and particle matter (PM2.5) content do not exceed 400 and 150 mg/Nm3
 respectively. According to actual measurement, the NOx, SO2 and PM2.5 emission of Quang Ninh thermal plant are 
 700 mg/Nm3, 394 mg/Nm3 and136 mg/Nm3 respectively. Quang Ninh thermal plant has a ramp rate of 1% per 
 minute, the warm start-up is 11 hours and cold start-up time is 15 hours.  


The capital investment of Quang Ninh thermal plant was 1.47 billion $ (converted to $2019, the administration, 
 consultancy, project management, site preparation cost, the taxes and interest during construction are not included) 
 equal to a nominal investment of 1.22 M$/MWe. The total capital cost (including these components) was 1.61 
 billion $, corresponding to 1.34 M$/MWe.  The fixed O&M cost is 41.55 $/kWe/year and the variable O&M cost is 
 1.06 $/MWh.  


Subcritical Hai Phong coal-fired power plant: (ref 10) 


Hai Phong coal-fired plant located in Thuy Nguyen district, Hai Phong city with a total capacity of 1,200 MW, 



(15)including 4 units of 300 MW. Hai Phong 1 plant (2x300 MW) started operation in 2009/2010, Hai Phong 2 plant 
 (2x300 MW) started operation in 2013/2014.  The plant uses pulverized coal combustion with a sub-critical boiler 
 (superheated parameter of 175 kg/cm3 and 5410C). The self-consumption rate of the plant is 8.7% and net electricity 
 efficiency at LHV = 38%. The main fuel of plant is anthracite from Hong Gai – Cam Pha coal mine and the auxiliary 
 fuel used is FO. According to the technical design report, the PM2.5, SO2 and NOx emission of plants are as follow: 


35.8 mg/Nm3, 315.1 mg/Nm3 and 546.5 mg/Nm3 respectively. The investment was 1.37 billion $ (converted to 


$2019, the administration, consultancy, project management, site preparation cost, the taxes and interest during 
 construction are not included), equal the nominal investment was 1.14 M$/ MWe. The total capital cost (including 
 these components) was 1.59 billion $, corresponding to 1.32 M$/MW.  The fixed O&M cost was 47.3 $/ kWe/year 
 and the variable O&M cost is 1.14 $/MWh. 


Super-critical: Vinh Tan 4 coal-fired power plant (ref 11) 


General: Vinh Tan 4 coal-fired power plant is in the Vinh Tan Power Center, in the Tuy Phong district, Binh Thuan 
 province. The installed capacity of plant is 1200 MW, including 2 units of 600 MW. The construction started in 
 March 2014, and the first unit was completed and came into commercial operation in December 2017 and the 
 second one in March 2018. 


Vinh Tan 4 thermal plant combusts pulverised coal and was the first Vietnamese coal-fired power plant applying a 
 super-critical (SC), including redrying, with the main steam parameter: steam capacity of 1,730.3 t/h; main steam 
 pressure of 251.04 bar; superheated steam temperature of 569.8 °C; redrying steam temperature of 594.4 °C. The 
 net electricity efficiency of the plant (name plate) is 39.8% (LHV). The main fuel of Vinh Tan 4 thermal plant is 
 Sub-Bitumen (70%) and Bitumen  (30%)  imported from Indonesia and Australia. Fuel consumption is 
 approximately 3.36 million tons per year. Diesel oil is used as auxiliary fuel for starting the furnace and burning in 
 low load. Following the automatic monitoring data of the first 6 months in 2020, the NOx emission value is 249 mg 
 per Nm3, the SO2 is 181 mg per Nm3 and the PM2.5 emission is 27 mg per Nm3. However, performance test of the 
 operation is not representative for the emission levels. Operating characteristics of Vinh Tan 4 thermal plant are: 


Ramping 2÷3% per minute, minimum load is 40% of full load (minimum level without burning oil), warm start-up 
 time and cold start-up time are ≤ 6.33 hours and ≤ 9.17 hours, respectively.  


The total investment of Vinh Tan 4 thermal plant was 1.66 billion $ (converted to $2019, the administration, 
 consultancy, project management, site preparation cost, the taxes and interest during construction are not included), 
 corresponding to a nominal investment of 1.38 M$/MWe. The total capital cost (including these components) was 
 1.79 billion $, corresponding to 1.49 M$/MW. The fixed O&M cost was 39.47 $/kWe/year and the variable O&M 
 cost was 1.01 $/MWh.  


Updated project: Super-critical: Vinh Tan 4 Extend (ref. 12) 


Vinh Tan 4 Ext coal-fired power plant is in the Vinh Tan Power Center, in the Tuy Phong district, Binh Thuan 
 province. The plant includes 1 unit of 600 MW and started construction in April 2016 and completed and came into 
 commercial operation in October 2019. 


Vinh Tan 4 Ext thermal plant uses pulverised coal combustion technology with a super-critical boiler. Main steam 
 parameters are as follow: Main steam pressure is 251,0 bar; superheated steam temperature is 569.80C, redrying 
 steam temperature is 594.40C. The net electricity efficiency of the plant (name plate) is 39.8% (LHV).  


The main fuel of Vinh Tan 4 Ext thermal plant is Sub-Bitumen (70%) and Bitumen (30%) imported from Indonesia 
 and Australia. Fuel consumption is approximately 1.68 million tons per year according to the designed capacity. 


Diesel oil is used as auxiliary fuel for starting the furnace and burning in low load. Following  the  automatic 
 monitoring data of the first 6 months of 2020, the NOx emission value is 103 mg per Nm3, the SO2 is 93 mg per 
 Nm3 and the PM2.5 emission is 11 mg per Nm3.  


The total investment of Vinh Tan 4 thermal plant was 921 million  $ (converted to $2019, the administration, 
 consultancy, project management, site preparation cost, the taxes and interest during construction are not included), 
 corresponding to a nominal investment of 1.54 M$/MWe. The total capital cost (including these components) was 
 1035 million $, corresponding to 1.73 M$/MW.  


Updated project: Super-critical: Vinh Tan 1 (ref. 11) 


General: Vinh Tan I coal-fired power plant is in the Vinh Tan Power Center, in the Tuy Phong district, Binh Thuan 
province. The installed capacity of the plant is 1200 MW, including 2 units of 600 MW. Construction was started 
in July 2015 and it was in commercial operation from November 2018. 



(16)Vinh Tan 1 thermal plant combusts pulverised coal and applies a super-critical boiler, with superheated steam 
 parameters: pressure of 24.2 MPa (~ 242 bar) and temperature of 566°C. The net electricity efficiency of the plant 
 (name plate) is 39.2% (LHV). Vinh Tan 1 is the first coal-fired thermal power plant in Vietnam to apply the 
 supercritical W-shaped flame boiler technology, using domestic Anthracite coal.  Diesel oil is used as auxiliary fuel 
 for starting the furnace and burning in low load. According to data provided from power plant, the NOx emission 
 value is 235  mg per Nm3, the SO2  is  29  mg per Nm3  and the PM2.5  emission is 21  mg per Nm3.  Operating 
 characteristics of Vinh Tan 1  thermal plant are: Ramping 1% per minute, minimum load is 60% of full load 
 (minimum level without burning oil), warm start-up time and cold start-up time are 2.25 hours and 12.75 hours 
 respectively.  


The total investment of Vinh Tan 1  thermal plant was 1.88  billion  $ (converted to $2019, the administration, 
 consultancy, project management, site preparation cost, the taxes and interest during construction are not included), 
 corresponding to a nominal investment of 1.52 M$/MWe. The total capital cost (include these components) was 
 2.03 billion $, corresponding to 1.66 M$/MW. The fixed O&M cost was 35 $/kWe/year and the variable O&M cost 
 was 1.20 $/MWh. 


Data estimate 


Below is described the data which the data sheets are based on and how to arrive at the estimates of the parameters 
 in the data sheets.  


To estimate a central case for 2020, data from four Vietnamese supercritical plants have been collected. However, 
for some cases only selected data has been available. Therefore, data from the Indonesian TC has given further 
inputs to make a more realistic estimate. Several reports indicate that the lower minimum generation and higher 
ramp rates can be achieved without additional large investments. In the TC current minimum loads and ramp rates 
are assumed in 2020 whereas more flexible operation abilities corresponding to the Indonesian TC are assumed 
from 2030. Quality of the coal (caloric value and sulphur content) may affect the O&M costs/start-up cost for plants 
using domestic coal. Emission values have been converted from mg/Nm3 to g/GJ based on a conversion factor for 
coal of 0.35 from Pollution Prevention and Abatement Handbook, 1998. See Table 2. 



(17)Table 2: Coal super-critical plant. 2020 data. ($2019) (Ref. 17) 


Key parameter  Local case 
 1: Vinh 


Tan 42


Local case 
 2: Vinh 


Tan 4 
 Ext 


Local case 
 3: Vinh 


Tan 1 


Local 
 case 4: 


Duyen 
 Hai 3 Ext  


Indonesian 


TC (2020)  Vietnamese 
 TC (2021) 
 Central 


Generating capacity for one unit 


(MWe)  600  600  620  688  600  600 


Generating capacity for total power 


plant (MWe)  1,200  600  1240  688  600  1,200 


Electricity efficiency, net (%), 


name plate  39.8  39.8  39.2  39.5  38  38 


Electricity efficiency, net (%), 


annual average  37  37  36.5  36.7  37  37 


Ramping (% per minute)  2÷3  2÷3  1  -  4  2 


Minimum load (% of full load)  40  40  60  -  30  50 


Warm start-up time (hours)  ≤6.33  ≤6.33  2.25  -  4  6 


Cold start-up time (hours)  ≤9.17  ≤9.17  12.75  -  12  10 


Emission PM2.5 (mg/Nm3)  27  11  21  -  150  70 


SO2 (degree of desulphuring, %)   863 91  97  -  73  86 


NOX (g per GJ fuel)   81  36  82  -  263  115 


Nominal investment (M$/MWe)   1.38  1.53  1.35  1.37  1.46  1.46 


Fixed O&M ($/MWe/year)  39,500  -  36,400  -  42,800  39,600 


Variable O&M ($/MWh)   1.01  -  1.20  -  0.12  0.78 


Start-up costs ($/MWe/start-up)  260  -  256  -  52  187 


There are no examples of Vietnamese ultra-supercritical coal-fired power plants, so the data sheets rely solely 
 upon the Indonesian TC for all parameters except investment costs which are described below. 


2 This number comes from performance tests in 2018. Therefore, it is not considered in the central estimate on the 
 Vietnamese Technology Catalogue 


3 The SO2-emission for the local case is 138.6 mg/Nm3. Using a conversion factor of 0.35 from the Pollution Prevention and 
 Abatement Handbook, 1998 this yields an emission of 48.5 g/GJ. According to appendix 1 the Sulphur content of 


Vietnamese coal is 350 g/GJ. This gives a degree of desulphuring of 86 %. 



(18)Table 3: Investment costs in international studies, coal-based plants. All numbers are in unit M$2019/MWe


IEA WEO 20164 All year: 2015-2040 


China  India 


Super-critical  0.73 1.25


Ultra-supercritical  0.83 1.46


IEA Southeast Asia 2015  Southeast Asia / 2030 


Super-critical5   1.60


Indonesian TC  2020  2030  2050 


Central  Lower  Upper  Central  Lower  Upper 


Super-critical (600 MW)6 1.46 1.09 1.82 1.41 1.37 1.03 1.72


Ultra-supercritical  1.58 1.19 1.99 1.54 1.49 1.11 1.86


Vietnamese TC  2020 2030  2050 


Central  Lower  Upper  Central Lower Upper


Super-critical  1.43 0.73 1.82 1.45 1.42 0.73 1.72


Ultra-supercritical  1.57 0.83 1.99 1.55 1.54 0.83 1.86


Table 3 shows estimates of investment costs for the three kinds of coal-fired power plants from various sources and 
 in the bottom the resulting assessment for the Vietnamese TC. Nominal investment has been adjusted to reflect the 
 assumed plant size in Vietnam such that prices and plant sizes relate  for better comparison with other coal 
 technologies. For the calculations, a proportionality factor of 0.8 is used. The proportionality factor expresses the 
 connection between costs and size. The method is further described in Annex 1. 


There are large variations between the estimates.  The estimates for Chinese plants in IEA WEO 2016 are very low 
 which might be based on high volume production of coal-fired power plants. Furthermore, it is noted that IEA WEO 
 2016 assumes no reduction in investment costs from 2015 to 2040, while a small reduction is expected in the 
 Indonesian TC. (Ref. 16). 


The best estimate for investment costs for super-critical plants are assumed to be the average of the international 
 data in the table except for the Chinese plants. For 2020 the local cases are also included in the average (average of 
 1.2, 1.6, 1.4 and1.33) for 2020, (average of 1.2, 1.6 and 1.36) for 2030 and (average of 1.2, 1.6 and 1.32) for 2050). 


For ultra-supercritical an average among the available data for the technology are also used, incl. the same exception 
 for the estimates for China but with inclusion of IEA Southeast Asia super-critical plants. The reason for including 
 IEA Southeast Asia super-critical plants in the average is that ultra-supercritical plants are expected to have at least 
 as high investment costs as super-critical and including the number for Southeast Asia super-critical power plants 
 increases the estimate (average of 1.4, 1.6 and 1.52) for 2020, (average of 1.4, 1.6 and 1.48) for 2030 and (average 
 of 1.4, 1.6 and 1.43) for 2050).  
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(20)Data sheets 


The following tables contain the data sheets of the technology. All costs are stated in U.S. dollars ($), price year 
 2019. For explanation and definition of the parameters given in the table, see appendix 1. Uncertainty represents 
 the variation in parameters. 


Technology  Supercritical coal power plant 


 $2019  2020  2030  2050  Uncertainty (2020)  Uncertainty 


(2050)  Note  Ref 


Energy/technical data           Lower  Upper  Lower  Upper       


Generating capacity for one unit (MWe)  600  600  600  300  800  300  800     1 


Generating capacity for total power plant 


(MWe)  1,200  1,200  1,200  300  1,800  300  1,800     1 


Electricity efficiency. net (%). name plate  38  39  40  33  40  35  42     1;3;6;7 


Electricity efficiency. net (%). annual average  37  38  39  33  40  35  42     1;3 


Forced outage (%)  7  6  3  5  15  2  7  A  1 


Planned outage (weeks per year)  7  5  3  3  8  2  4  A  1 


Technical lifetime (years)  30  30  30  25  40  25  40     1 


Construction time (years)  4  3  3  3  5  2  4  A  1 


Space requirement (1000 m2/MWe)  -   -   -   -   -   -   -        


Additional data for non-thermal plants                            


Capacity factor (%). theoretical  -   -   -   -   -   -   -        


Capacity factor (%). incl, outages  -   -   -   -   -   -   -        


Ramping configuration                            


Ramping (% per minute)  2  4  4  1  4  3  4  B  1 


Minimum load (% of full load)  50  25  20  25  75  10  30  A  1 


Warm start-up time (hours)  6  4  4  2  8.5  2  5  B  1 


Cold start-up time (hours)  10  12  12  6  15  6  12  B  1 


Environment                            


PM 2,5 (mg per Nm3)  70  70  70  50  150  20  100  E  2;4 


SO2 (degree of desulphuring. %)   86  86  95  73  95  73  95     2;4 


NOX (g per GJ fuel)   115  113  38  152  263  38  263  C  2;4 


Financial data                                 


Nominal investment (M$/MWe)   1.46  1.45  1.42  0.73  1.82  0.73  1.71  D;F;G  1;3;6;7 


 - of which equipment (%)                            


 - of which installation (%)                            


Fixed O&M ($/MWe/year)  39,600  38,500  37,200  32,100  53,500  30,100  50,300  F  1;3;6;7 


Variable O&M ($/MWh)   0.78  0.12  0.12  0.09  1.01  0.09  0.15  F  1;3 


Start-up costs ($/MWe/start-up)  187  52  52  42  104  42  104     5 


References: 


1  Ea Energy Analyses and Danish Energy Agency, 2017, "Technology Data for the Indonesian Power Sector - Catalogue for Generation and 
 Storage of Electricity" 


2  Platts Utility Data Institute (UDI) World Electric Power Plant Database (WEPP) 
 3  Learning curve approach for the development of financial parameters. 


4  Maximum emission from Minister of Environment Regulation 21/2008 


5  Deutsches Institut für Wirtschaftsforschung, On Start-up Costs of Thermal Power Plants in Markets with Increasing Shares of Fluctuating 
 Renewables, 2016. 


6  IEA, Projected Costs of Generating Electricity, 2015. 


7  IEA, World Energy Outlook, 2015. 


Notes:  


A  Assumed gradual improvement to international standard in 2050. 


B  Assumed no improvement for regulatory capability from 2030 to 2050. 


C  Calculated from a max of 750 mg/Nm3 to g/GJ (conversion factor 0.35 from Pollution Prevention and Abatement Handbook, 1998) 
 D  For economy of scale a proportionality factor, a, of 0.8 is suggested. 


E  Uncertainty Upper is from regulation. Lower is from current standards in Japan (2020) and South Korea (2050). 


F  Uncertainty (Upper/Lower) is estimated as +/- 25%. 


G  Investment cost include the engineering, procurement and construction (EPC) cost. See description under Methodology. 



(21)Technology  Ultra-supercritical coal power plant 


 $2019  2020  2030  2050  Uncertainty 


(2020)  Uncertainty 


(2050)  Note  Ref 


Energy/technical data           Lower  Upper  Lower  Upper       


Generating capacity for one unit (MWe)  1,000  1,000  1,000  700  1,200  700  1,200     1 


Generating capacity for total power plant 


(MWe)  1,000  1,000  1,000  700  1,200  700  1,200     1 


Electricity efficiency. net (%). name plate  43  44  45  40  45  42  47     1;3;6;7 


Electricity efficiency. net (%). annual 


average  42  43  44  40  45  42  47     1;3 


Forced outage (%)  7  6  3  5  15  2  7  A  1 


Planned outage (weeks per year)  7  5  3  3  8  2  4  A  1 


Technical lifetime (years)  30  30  30  25  40  25  40     1 


Construction time (years)  4  3  3  3  5  2  4  A  1 


Space requirement (1000 m2/MWe)  -  -   -   -   -   -   -        


Additional data for non-thermal plants                            


Capacity factor (%). theoretical  -  -  -  -  -  -  -       


Capacity factor (%). incl, outages  -  -  -  -  -  -  -       


Ramping configuration                            


Ramping (% per minute)  5  5  5  4  5  4  5  B  1 


Minimum load (% of full load)  30  25  20  25  50  10  30  A  1 


Warm start-up time (hours)  4  4  4  2  5  2  5  B  1 


Cold start-up time (hours)  12  12  12  6  15  6  12  B  1 


Environment                            


PM 2,5 (mg per Nm3)  70  70  70  50  150  20  100  E  2;4 


SO2 (degree of desulphuring. %)   86  86  95  73  95  73  95     2;4 


NOX (g per GJ fuel)   115  113  38  115  263  38  263  C  2;4 


Financial data                                 


Nominal investment (M$/MWe)   1.63  1.61  1.60  0.86  2.06  0.86  1.94  D;F;G  1;3;6;7 


 - of which equipment (%)                            


 - of which installation (%)                            


Fixed O&M ($/MWe/year)  61,100  59,400  57,500  46,000  76,500  43,100  71,800  F  1;3;6;7 


Variable O&M ($/MWh)   0.12  0.12  0.11  0.09  0.15  0.08  0.14  F  1;3 


Start-up costs ($/MWe/start-up)  54  54  54  43  108  43  108     5 


References: 


1  Ea Energy Analyses and Danish Energy Agency, 2017, "Technology Data for the Indonesian Power Sector - Catalogue for Generation and 
 Storage of Electricity" 


2  Platts Utility Data Institute (UDI) World Electric Power Plant Database (WEPP) 
 3  Learning curve approach for the development of financial parameters. 


4  Maximum emission from Minister of Environment Regulation 21/2008 


5  Deutsches Institut für Wirtschaftsforschung, On Start-up Costs of Thermal Power Plants in Markets with Increasing Shares of Fluctuating 
 Renewables, 2016. 


6  IEA, Projected Costs of Generating Electricity, 2015. 


7  IEA, World Energy Outlook, 2015. 


Notes:  


A  Assumed gradual improvement to international standard in 2050. 


B  Assumed no improvement for regulatory capability from 2030 to 2050 


C  Calculated from a max of 750 mg/Nm3 to g/GJ (conversion factor 0.35 from Pollution Prevention and Abatement Handbook, 1998) 
 D  For economy of scale a proportionality factor, a, of 0.8 is suggested. 


E  Uncertainty Upper is from regulation. Lower is from current standards in Japan (2020) and South Korea (2050). 


F  Uncertainty (Upper/Lower) is estimated as +/- 25%. 


G  Investment cost include the engineering, procurement and construction (EPC) cost. See description under Methodology. 
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Flexibility of coal power plants 


With the increase in variable sources of electricity like solar and wind, coal-fired plants need to be more flexible to 
 balance the power grid. Key parameters related to the flexibility of a thermal plant are: 


• Minimum Load (Pmin): The minimum or lowest power that can be produced by the plant. 


• Maximum Load (Pnom): The nominal capacity of a plant. 


• Start-up time: The time needed for the plant to go from start of operation to the generation of power at 
 minimum load. There are three types of start-up: hot start-up is when the plant has been out of operation for 
 less than 8 hours, warm start-up is when the plant has not been operational for 8 to 48 hours, and cold start-
 up is when the plant is out of operation for more than 48 hours. 


• Ramp-rate: Refers to the change in net power produced by the plant per unit time. Normally, the unit for ramp 
 rate is MW/min or as a percentage of the nominal load per minute. Usually there is a ramp up rate for increase 
 in power and ramp down rate for a decrease in power produced. 


• Minimum up and down time: The up time refers to the minimum time the plant needs to be in an operational 
 state once turned on. The down time refers to the minimum time after shutdown that the plant is out of operation, 
 before it can be turned on again. 


Figure 3: Key flexibility parameters of a power plant [3]. 


These parameters represent critical operation characteristics of a thermal power plant. Therefore, for a coal plant to 
 be more flexible, it would be ideal to reduce minimum load, reduce the start-up time and increase the ramp rate. In 
 this regard, there are various retrofit solutions that can be added on to existing plants or considered when building 
 new plants. These solutions have been summarised in the table below. 


Table 4: Solutions for increasing the flexibility of coal-fired power plants [2], [4], [5]. 


Solutions  Objective  Description  Impact  Limitation 


Indirect Firing  Lower minimum 
 load, increased 
 ramp rate and 
 better part load 
 efficiency 


Milling is decoupled from load 
 dynamics. Involves setting up a 
 dust bunker between the coal mill 
 and the burner to store pulverized 
 coal. During periods of low load, 
 auxiliary power can be used for 
 coal milling, thereby reducing total 
 power injected into the grid. Plus, 
 this reduces the minimum load in 
 high load periods as the required 
 coal is already stored in the bunker 
 and can be used flexibly.  


Indirect firing can decrease 
 the minimum stable firing 
 rate. Firing rate and net 
 power are proportional. A 
 reduction of the firing rate 
 therefore leads to a similar 
 reduction of minimum load. 


Another advantage of 
 reaching a low stable fire is 
 that the need for ignition 
 fuels, such as oil or gas, can 
 be reduced by 95 %. 


Fire 
stability 



(23)Switching from 
 two-mill to 
 single-mill 
 operation 


Lower minimum 


load  Switching to a single mill 
 operation results in boiler 
 operation with fewer burning 
 stages. In this operation, heat is 
 released only at the highest burner 
 stage, ensuring operational 
 stability. 


Switching to a single mill 
 operation has resulted in 
 reducing minimum load to 
 12.5% Pnom in experiments 
 conducted in hard coal-fired 
 thermal plants at Bexbach 
 and Heilbronn in Germany. 


Water-
 steam 
 circuit 


Control system 
 optimization and 
 plant 


engineering 
 upgrade 


Lower minimum 
 load, higher ramp 
 rate, shorter start-
 up time 


Upgrading control systems can 
 improve plant reliability and help 
 operate different components of 
 the plant close to their design 
 limits. 


Control system and 
 engineering upgrades 
 resulted in the reduction of 
 minimum load from nearly 
 67% Pnom to 48% Pnom at 
 two units in the Weisweiler 
 lignite-fired plant in 
 Germany. 


Fire 
 stability/the
 rmal stress 


Software systems that enable 
 dynamic optimization of key 
 components such as boilers can 
 reduce the start-up time and 
 increase ramp rate. 


Boiler control system 
 software have been 
 developed that allow plant 
 operators to choose between 
 different start-up options 
 based on market 


requirements. 


Auxiliary firing 
 for stabilizing 
 fire in boiler 


Lower minimum 
 load, higher ramp 
 rate 


This involves using auxiliary fuel 
 such as heavy oil or gas to stabilize 
 fire in the boiler. This ensures a 
 lower stable firing rate in the 
 boiler. Auxiliary firing can also be 
 used for rapid increases to the 
 firing rate, thereby enabling a 
 higher ramp rate. 


Since fire stability in the 
 boiler usually limits the 
 minimum load, auxiliary 
 firing can support the 
 minimum load reduction. As 
 part of Jänschwalde 


research project, ignition 
 burners were used for 
 auxiliary firing using dried 
 lignite, which reduced the 
 minimum load from 36% 


Pnom to 26% Pnom. 


Fire 
 stability and 
 boiler 
 design 


“New” turbine 


start  Shorter start-up 


time  This option involves starting up the 
 steam turbine as the boiler ramps 
 up by allowing “cold” steam to 
 enter the turbine quickly after 
 shutdown. 


The start-up time can be 
 reduced by 15 minutes using 
 this approach. 


Turbine 
 design 


Thin-walled 
 components/spec
 ial turbine 
 design 


Shorter start-up 
 time, higher ramp 
 rate 


Using high-grade steel, thinner-
 walled components can be built to 
 ensure quicker start-up and higher 
 ramp rates compared to traditional 
 thick-walled components. 


Unknown  Mechanical 


and thermal 
 stresses 


Thermal energy 
 storage for feed 
 water preheating 


Lower minimum 


load  Heat from the steam turbine can be 
 absorbed by feed water, thereby 
 reducing net power. Thermal 
 energy stored in the feed water can 
 be discharged to increase net 
 power during periods of high 
 demand. 


Using a hot water storage 
 system that can operate for 
 2–8 hours can reduce 
 minimum load by 5–10%, 
 and during discharge the hot 
 water system can be used to 
 increase net power by 5% 


without increasing the firing 
 rate. 


 - 


It is important to mention here that while improved flexibility can allow for better operation of the plant, there are 
certain drawbacks to frequent plant start-ups and fast load swings that occur under such operation. Flexible 
operation causes thermal and mechanical fatigue stress on some of the components. When combined with normal 
plant degradation this can reduce the expected life of some pressure parts. In this regard, the critical parts that need 
to be given more attention to are the boiler and steam turbine systems [5]. 



(24)The improvement in flexibility of plants is dependent on various factors like age of the plant, existing technology, 
 type of coal and various thermodynamic properties. Therefore, ideally, the improvement should be calculated on a 
 case-by-case basis. However, various studies and projects have been conducted around the world to measure the 
 improvement in flexibility. The table below provides a summary and comparison of potential improvement in 
 relevant parameters for a hard coal-fired power plant before and after flexibilisation. 


Table 5: Comparison of flexibility parameters before and after flexibilisation initiatives in a hard coal power plant [2], [4]. 


Flexibility Parameter  Average 


Plant  Post Flexibilisation 


Start-up time (hours)  2 to 10  1.3 to 6 


Start-up cost (USD/MW instant start)  > 100  >100 


Minimum load (% Pnom)  25 to 40%  10 to 20% 


Efficiency (at 100% load)  43%  43 


Efficiency (at 50% load)  40%  40% 


Avg. Ramp Rate (%Pnom/min)  1.5 to 4%  3 to 6% 


Minimum uptime (hours)  48  8 


Minimum Downtime (hours)  48  8 


The estimation of cost for flexibility improvement solutions can vary on a case by case basis. A rough estimate 
 suggests costs between 120,000 and 600,000 USD/MW [2], [4]. Furthermore, a study conducted by COWI and Ea 
 Energy Analyses, investigated the cost of various flexibility improvements for coal plants. The investment cost 
 estimates from this study are summarized below7. 


Table 6: Investment cost (in USD) estimated for specific flexibility improvement solutions based on a study for 600 MW hard 
 coal power plant [6]. 


Solution  Investment estimate 


(in USD for a 600 MW  
 hard coal power plant) 
 Lower minimum load (from 40% to 25%)  


(Includes: boiler circulation pump, connecting pipe work, 
 control and stop valves, standby heating, electrical, 
 instrumentation and programming of the DCS system) 


1,898,101 


Increased ramping speed (from 1% to 2% per min.) 
 Upgrade of DCS-system 


Refurbishment of pulverizes  156,314 


424,281 



Technologies to reduce pollution


Pollution from coal fired combustion can cause environmental problems including health problems for humans, 
 deterioration of the atmospheric visibility, acid rain and more. Therefore, there is an increasing focus on limiting 
 airborne pollution from the coal power plants. The most important emission control relates to NOx emissions, 
 emissions of fine particles and sulphur emissions. Here follows a brief description on control measures for each of 
 these. 


NOx emission control 


Nitrogen oxides (NOx) can cause a variety of environmental issues including ozone formation at ground level, acid 
 rain, acidification of aquatic systems, forest damage, degradation of visibility, and formation of fine particles in the 
 atmosphere. Therefore, there is a need to reduce the emissions of NOx. 


During combustion, NOx is formed from three main chemical mechanisms: 


1)  “thermal” NOx resulting from oxidation of molecular nitrogen in the combustion air  
2)  “fuel” NOx resulting from oxidation of chemically bound nitrogen in the fuel 
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