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                    The technologies described in this catalogue cover both very mature technologies and technologies which are 
 expected to improve significantly over the coming decades, both with respect to performance and cost. This 
 implies that the price 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 as well as 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 section about research and development) indicating their technological 
 progress, their future development perspectives and the uncertainty related to the projection of cost and 


performance data. 


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. 


Unless otherwise stated, the thermal technologies in the catalogue are assumed to be designed for and operating 
 for approx. 6000 full-load hours of generation annually (capacity factor of just below 70%).  


Each technology is described by a separate technology sheet, following the format explained below. 



Qualitative description 


The qualitative description describes the key characteristic of the technology as concisely as possible. The 
 following paragraphs are included if found relevant for the technology. 


Technology description 


Brief description for non-engineers of how the technology works and for which purpose. 


Input 


The main raw materials, primarily fuels, consumed by the technology. 


Output 


The output of the technologies in the catalogue is electricity. If relevant, other output such as process heat are 
 mentioned here.  


Typical capacities 


The stated capacities are for a single unit (e.g. a single wind turbine or a single gas turbine), as well as for the 
 total power plant consisting of a multitude of units such as a wind farm. The total power plant capacity should be 
 that of a typical installation in Vietnam.   


Ramping configurations and other power system services 


Brief description of ramping configurations for electricity generating technologies, i.e. what are the part-load 
 characteristics, how fast can they start up, and how quickly are they able to respond to demand changes. 


Advantages/disadvantages 


Specific advantages and disadvantages relative to equivalent technologies. Generic advantages are ignored; for 
 example, that renewable energy technologies mitigate climate risk and enhance security of supply.  


Environment 


Particular environmental characteristics are mentioned, e.g. special emissions or the main ecological footprints.  


Employment  


Description of the employment requirements of the technology in the manufacturing and installation process as 


Research and development  


The section lists the most important challenges from a research and development perspective. Particularly 
 Vietnamese research and development perspectives is highlighted if relevant. 


The potential for improving technologies is linked to the level of technological maturity. Therefore, this section 
 also includes a description of the commercial and technological progress of the technology. The technologies are 
 categorized within one of the following four levels of technological maturity. 


Category 1. Technologies that are still in the research and development phase. The uncertainty related to price 
 and performance today and in the future, is very significant. 


Category 2. Technologies in the pioneer phase. Through demonstration facilities or semi-commercial plants, it 
 has been proven that the technology works. Due to the limited application, the price and performance is still 
 attached with high uncertainty, since development and customization is still needed. (e.g. gasification of 
 biomass). 


Category 3. Commercial technologies with moderate deployment so far. Price and performance of the technology 
 today is well known. These technologies are deemed to have a significant development potential and therefore 
 there is a considerable level of uncertainty related to future price and performance (e.g. offshore wind turbines) 
 Category 4. Commercial technologies, with large deployment so far. Price and performance of the technology 
 today is well known, and normally only incremental improvements would be expected. Therefore, the future price 
 and performance may also be projected with a fairly high level of certainty (e.g. coal power, gas turbine). 


Figure 47: Technological development phases. Correlation between accumulated production volume (MW) and 
 price. 


Examples of current projects 


Recent technological innovations in full-scale commercial operation should be mentioned, preferably with 
 references and links to further information. This is not necessarily a Best Available Technology (BAT), but rather 
 a representative indication of the typical projects that are currently being commissioned. 



Quantitative description 


To enable comparative analyses between different technologies it is imperative that data is comparable. As an 
 example, economic data is stated in the same price level and value added taxes (VAT) or other taxes are excluded. 


The reason for this is that the technology catalogue should reflect the socio-economic cost for the Vietnamese 
 society. In this context taxes do not represent an actual cost but rather a transfer of capital between Vietnamese 
 stakeholders, the project developer and the government. Also, it is essential that data be given for the same years. 


Year 2020 is the base for the present status of the technologies, i.e. best available technology at the point of 
 commissioning. 


All costs are stated in U.S. dollars ($), price year 2016. When converting costs from a year X to $2016 the 
 following approach is recommended: 


1. If the cost is stated in VDN, convert to $ using the exchange rate for year X (first table below). 


2. Then convert from $ in year X to $ in 2016 using the relationship between the US Producer Price Index for 


“Engine, Turbine, and Power Transmission Equipment Manufacturing” of year X and 2016 (second table below).  


Table 23: The yearly average exchange rate between VND and $.    


Year  VND to $ 


Table 24: US Producer Price Index for “Engine, Turbine, and Power Transmission Equipment Manufacturing”. 


US Bureau of Labor Statistics, Series Id:  PCU333611333611). www.bls.gov
 2018 value has data including November. August to November is preliminary. 


Year  Producer Price 


i.e. when financing is secured, and all permits are at hand, and the point of commissioning. 


Below is a typical datasheet, containing all parameters used to describe the specific technologies. The datasheet 
 consists of a generic part, which is identical for groups of similar technologies (thermal power plants, non-thermal 
 power plants and heat generation technologies) and a technology specific part, containing information, which is 
 only relevant for the specific technology. The generic technology part is made to allow for an easy comparison of 
 technologies.  


Each cell in the data sheet should only contain one number, which is the central estimate for the specific 
 technology, i.e. no range indications. Uncertainties related to the figures should be stated in the columns called 
 uncertainty. To keep the data sheet simple, the level of uncertainty is only specified for years 2020 and 2050.  The 
 level of uncertainty is illustrated by providing a lower and higher bound indicating a confidence interval of 90%. 


The uncertainty it related to the ‘market standard’ technology; in other words, the uncertainty interval does not 
 represent the product range (for example a product with lower efficiency at a lower price or vice versa). For 
 certain technologies, the catalogue covers a product range, this is for example the case for coal power, where both 
 sub-critical, super-critical and ultra-super critical power plants are represented.  


The level of uncertainty needs only to be stated for the most critical figures such as for example investment costs 
 and efficiencies.  


Before using the data, please note that essential information may be found in the notes below the table. 



Energy/technical data 


The data tables hold information about 2020, 2030 and 2050. The year is the first year of operation. 


Generating capacity  


The capacity is stated for both a single unit, e.g. a single wind turbine or gas engine, and for the total power plant, 
 for example a wind farm or gas fired power plant consisting of multiple gas engines. The sizes of units and the 
 total power plant should represent typical power plants. Factors for scaling data in the catalogue to other plant 
 sizes than those stated are presented later in this methodology section. 


The capacity is given as net generation capacity in continuous operation, i.e. gross capacity (output from 
 generator) minus own consumption (house load), equal to capacity delivered to the grid. 


The unit MW is used for electric generation capacity, whereas the unit MJ/s is used for fuel consumption. 


This describes the relevant product range in capacity (MW), for example 200-1000 MW for a new coal-fired 
 power plant. It should be stressed that data in the sheet is based on the typical capacity, for example 600 MW for 
 a coal-fired power plant. When deviations from the typical capacity are made, economy of scale effects need to be 
 considered (see the section about investment cost). 


Energy efficiencies 


Efficiencies for all thermal plants are expressed in percentage at lower calorific heat value (lower heating value or 
 net heating value) at ambient conditions in Vietnam, considering an average air temperature of approximately 28 


°C. 


The electric efficiency of thermal power plants equals the total delivery of electricity to the grid divided by the 
 fuel consumption. Two efficiencies are stated: the nameplate efficiency as stated by the supplier and the expected 
 typical annual efficiency.  


Often, the electricity efficiency is decreasing slightly during the operating life of a thermal power plant. This 
 degradation is not reflected in the stated data. As a rule of thumb, you may deduct 2.5 – 3.5% points during the 
 lifetime (e.g. from 40% to 37%).  


Forced and planned outage 


Forced outage is defined as number of weighted forced outage hours divided by the sum of forced outage hours 


and operation hours. The weighted forced outage hours are the hours caused by unplanned outages, weighted 
 according to how much capacity was out. 


Forced outage is given in per cent, while planned outage (for example due to renovations) is given in weeks per 
 year. 


Technical lifetime  


The technical lifetime is the expected time for which an energy plant can be operated within, or acceptably close 
 to, its original performance specifications, provided that normal operation and maintenance takes place. During 
 this lifetime, some performance parameters may degrade gradually but still stay within acceptable limits. For 
 instance, power plant efficiencies often decrease slightly (few percent) over the years, and operation and 
 maintenance costs increase due to wear and degradation of components and systems. At the end of the technical 
 lifetime, the frequency of unforeseen operational problems and risk of breakdowns is expected to lead to 
 unacceptably low availability and/or high operations and maintenance costs. At this time, the plant would be 
 decommissioned or undergo a lifetime extension, implying a major renovation of components and systems as 
 required to make the plant suitable for a new period of continued operation. 


The technical lifetime stated in this catalogue is a theoretical value inherent to each technology, based on 


experience. In real life, specific plants of similar technology may operate for shorter or longer times. The strategy 
 for operation and maintenance, e.g. the number of operation hours, start-ups, and the reinvestments made over the 
 years, will largely influence the actual lifetime. 


Construction time 


Time from final investment decision (FID) until commissioning completed (start of commercial operation), 
 expressed in years. 


Space requirement 


If relevant, space requirement is specified. The space requirements may among other things be used to calculate 
 the rent of land, which is not included in the financial since the cost item depends on the specific location of the 
 plant. 


Average annual capacity factor 


For non-thermal power generation technologies, a typical average annual capacity factor is presented. The 
 average annual capacity factor represents the average annual net generation divided by the theoretical annual net 
 generation, if the plant were operating at full capacity all year round. The equivalent full-load hours per year is 
 determined by multiplying the capacity factor by 8,760 hours, the total number of hours in a year. 


The capacity factor for technologies like solar, wind and hydropower is very site specific. In these cases, the 
 typical capacity factor is supplemented with additional information, for example maps or tables, explaining how 
 the capacity will vary depending on the geographic location of the power plant. This information is normally 
 integrated in the brief technology description.  


The theoretical capacity factor represents the production realised, assuming no planned or forced outages. The 
 realised full-loads considers planned and forced outage. 



Ramping configuration  


The electricity ramping configuration of the technologies is described by four parameters: 


  Ramping (% per minute) i.e. the ability to ramp up and down when the technology is already in operation. 


  Minimum load (per cent of full load): The minimum load from which the boiler can operate 


  Warm start up time, (hours): The warm start-up time, used for boiler technologies, is defined as the time 
 for starting, from a starting point where the water temperature in the evaporator is above 100oC, which 
 means that the boiler is pressurized. 


  Cold, start-up time, (hours). The cold start-up time used for boiler technologies is defined as the time it 
takes to reach operating temperature and pressure and start production from a state were the boiler is at 
ambient temperature and pressure. 


on/off-mode. 



Environment


The plants should be designed to comply with the regulation that is currently in place in Vietnam and planned to 
 be implemented within the 2020-time horizon.  


CO2 emission values are not stated, but these may be calculated by the reader of the catalogue by combining fuel 
 data with technology efficiency data. 


Emissions of particulate matter are expressed as PM2.5 in gram per GJ fuel.  


SOx emissions are calculated based on the following sulphur contents of fuels: 


   Coal  Fuel oil  Gas oil  Natural gas  Wood  Waste  Biogas 


Sulphur (kg/GJ)  0.35  0.25  0.07  0.00  0.00  0.27  0.00 


The Sulphur content can vary for difference kinds of coal products. The Sulphur content of coal is calculated from 
 a maximum sulphur weight content of 0.8%.  


For technologies, where desulphurization equipment is employed (typically large power plants), the degree of 
 desulphurization is stated in percentage terms. 


NOx emissions represent emissions of NO2 and NO, where NO is converted to NO2 in weight-equivalents. NOx
 emissions are also stated in grams per GJ fuel. 


Emissions of methane (CH4) and Nitrous oxide (N2O), are not included in the catalogue. However, these are both 
 potent greenhouse gas, and for certain technologies, for example for gas turbines, the emissions can be relevant to 
 include. In further development of the catalogue these emissions could also be included. 



Financial data 


Financial data are all in $ fixed prices, price-level 2016 and exclude value added taxes (VAT) or other taxes.  


For projection of future financial costs there are three overall approaches; Engineering bottom-up, Delphi-survey, 
 and Learning curves. This catalogue uses the learning curve approach. The reason is, that this method has proved 
 historically robust and that it is possible to estimate learning rates for most technologies. Please refer to appendix 
 2  in  the  Indonesian  TC  for  a  separate  note,  “Forecasting  cost  of  electricity  production  technologies”,  on  the 
 approach used in this catalogue. 


Investment costs 


The investment cost or initial cost is often reported on a normalized basis, e.g. cost per MW. The nominal cost is 
 the total investment cost divided by the net generating capacity, i.e. the capacity as seen from the grid.  


If possible, the investment cost is divided into equipment cost and installation cost. Equipment cost covers the 
 plant itself, including environmental facilities, whereas installation costs covers buildings, grid connection and 
 installation of equipment. 


Different organizations employ different systems of accounts to specify the elements of an investment cost 
 estimate. Since there is no universally employed nomenclature, investment costs do not always include the same 
 items. Actually, most reference documents do not state the exact cost elements, thus introducing an unavoidable 
 uncertainty that affects the validity of cost comparisons. Also, many studies fail to report the year (price level) of 
 a cost estimate. 


In this report, the intention is that investment cost shall include all physical equipment, typically called the 
engineering, procurement and construction (EPC) price or the overnight cost. Connection costs are included, but 


reinforcements are not included. It is here an assumption that the connection to the grid is within a reasonable 
 distance.  


The rent or buying of land is not included but may be assessed based on the space requirements specified under 
 the energy/technical data. The reason for the land not being directly included, is that land, for the most part, do 
 not lose its value. It can therefore be sold again after the power plant has fulfilled its purpose and been 


decommissioned.  


The owners’ predevelopment costs (administration, consultancy, project management, site preparation, and 
 approvals by authorities) and interest during construction are not included. The cost to dismantle decommissioned 
 plants is also not included. Decommissioning costs may be offset by the residual value of the assets. 


Cost of grid expansion 


As mentioned the costs of grid connection is included, however possible costs of grid expansion from adding a 
 new electricity generator to the grid are not included in the presented data.  


Business cycles 


Costs of energy equipment surged dramatically in 2007-2008. The trend was general and global. One example is 
 combined cycle gas turbines (CCGT): “After a decade of cycling between $400 and $600 a kW installed EPC 
 prices for CCGT increased sharply in 2007 and 2008 to peak at around $1250/kW in Q3:2008. This peak 
 reflected tender prices: no actual transactions were done at these prices.” (Global CCS Institute). Such 


unprecedented variations obviously make it difficult to benchmark data from the recent years, but a catalogue as 
 the present cannot be produced without using a number of different sources from different years. The reader is 
 urged to bear this in mind, when comparing the costs of different technologies.   


Economy of scale 


The per unit cost of larger power plants are usually less than that of smaller plants. This is called the ‘economy of 
 scale’. The proportionality was examined in some detail in the article “Economy of Scale in Power Plants” in the 
 August 1977 issue of Power Engineering Magazine (p. 51). The basic equation is: 


𝐶1


For many years, the proportionality factor averaged about 0.6, but extended project schedules may cause the 
 factor to increase. However, used with caution, this rule may be applied to convert data in this catalogue to other 
 plant sizes than those stated. It is important that the plants are essentially identical in construction technique, 
 design, and time frame and that the only significant difference is size. 


For very large-scale plants, like large coal power plants, we may have reached a practical limit, since very few 
 investors are willing to add increments of 1000 MW or above. Instead, by building multiple units at the same spot 
 can provide sufficient savings through allowing sharing of balance of plant equipment and support infrastructure. 


Typically, about 15% savings in investment cost per MW can be achieved for gas combined cycle and big steam 
 power plant from a twin unit arrangement versus a single unit (“Projected Costs of Generating Electricity”, IEA, 
 2010). The financial data in this catalogue are all for single unit plants (except for wind farms and solar PV), so 
 one may deduct 15% from the investment costs, if very large plants are being considered. 


Unless otherwise stated the reader of the catalogue may apply a proportionality factor of 0.6 to determine the 
investment cost of plants of higher or lower capacity than the typical capacity specified for the technology. For 


Unless otherwise stated the reader of the catalogue may apply a proportionality factor of 0.6 to determine the 
investment cost of plants of higher or lower capacity than the typical capacity specified for the technology. For 
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