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                    Brief technology description 


The basic feature of a diesel power plant is a diesel engine (compression ignition engine) coupled directly to a 
 generator.   


Fuel is pumped from a storage tank and fed into a small day tank which supplies the daily need for the engine. 


Diesel power plants may use different oil products, including heavy fuel oil (or “residual fuel oil”) and crude oil. 


Heavy fuel oil is cheaper than diesel, but more difficult to handle. It has a high viscosity, almost tar-like mass, 
 and needs fuel conditioning (centrifugal separators and filters) and preheating before being injected into the 
 engine. 


The temperatures in the engine are very high (1500-2000°C) and therefore a cooling system is required. Water is 
 circulated inside the engine in water jackets and normally cooled in a cooling tower (or by sea water).  


The waste heat from the engine and from the exhaust gasses may also be recovered for space heating or industrial 
 processes. 


It is also an option, to use the waste heat from diesel exhaust gasses in combined cycle with steam turbine 
 generator. Typically, this is only considered relevant in large-scale power stations (50 MWe or above) with high 
 capacity factors.  


Due to relatively high fuel costs, diesel power plants are mainly used in small or medium sized power systems or 
 as peak supply in larger power systems. In small power systems they can also be used in combination (backup) 
 with renewable energy technologies. Several suppliers offer turnkey hybrid power projects in the range from 10 to 
 300 MW, combining solar PV, wind power, biomass, waste, gas and/or diesel (Ref 1). 


In an idealised thermodynamic process, a diesel engine would be able to achieve an efficiency of more than 60%. 


Under real conditions, plant net efficiencies are 45-46%. For combined cycle power plants efficiencies of 50% are 
 reached (ref. 5).  


Input 


Diesel engines may use a wide range of fuels including: crude oil, heavy fuel oil, diesel oil, emulsified fuels 
 (emulsions composed of water and a combustible liquid), and biodiesel fuel. Engines can also be converted to 
 operation on natural gas. 


Typical capacities 


Up to approx. 300 MWe. Large diesel power plants (>20 MWe) would often consists of multiple engines in the 
 size of 1-23 MWe (ref 5)  


Ramping configurations 


Combustion engine power plants do not have minimum load limitations and can maintain high efficiency at 
 partial load due to modularity of design – the operation of a subset of the engines at full load. As load is 
 decreased, individual engines within the generating set can be shut down to reduce the output. The engines that 
 remain operating can generate at full load, maintaining high efficiency of the generating set. 


Diesel power plants can start and reach full load within 2-15 minutes (under hot start conditions). Synchronization 
 can take place within 30 seconds. This is beneficial for the grid operator, when an imbalance between supply and 
 demand begins to occur. 


Engines are able to provide peaking power, reserve power, load following, ancillary services including regulation, 
 spinning and non-spinning reserve, frequency and voltage control, and black-start capability (ref 2, 


ref 3).  


Advantages/disadvantages 
Advantages 


  High efficiency in part load 


  Modular technology – allowing most of the plant to generate during maintenance  


  Short construction time, example down to 10 months. 


  Proven technology with high reliability. Simple and easy to repair. 


Disadvantages 


  Diesel engines cannot be used to produce high-pressure steam (as turbines). Approx. 50% of the waste 
 heat is released at lower temperatures. 


  Expensive fuel.  


  Low efficiency / high operational costs  


  High environmental impact from NOx and SO2 emissions. 


Environment 


Emissions highly depend on the fuels applied, fuel type and its content of sulphur etc. 


Emissions may be reduced via fuel quality selection and low emission technologies or by dedicated (flue gas) 
 abatement technologies such as SCR (selective catalytic reduction) systems. Modern large-scale diesel power 
 stations apply lean-burn gas engines, where fuel and air are pre-mixed before entering the cylinders, which 
 reduces NOx emissions. 


With SCR technology, NOx levels of 5 ppm, vol, dry at 15% O2 can be attained (ref. 5). 


Research and development 


Diesel engines are a very well-known and mature technology – i.e. category 4. 


Short start-up, fast load response and other grid services are becoming more important as more fluctuating power 
 sources are supplying power grids. Diesel engines have a potential for supplying such services, and R&D efforts 
 are put into this (ref. 6). 


Prediction of performance and cost  


Diesel power plants are a mature technology and only gradual improvements are expected. 


According to the IEA’s 2 and 4 DS scenarios the global installed capacity of oil fired plants will decrease in the 
 future and therefore, even when considering replacement of existing oil power plants, the future market for diesel 
 power plants is going to be moderate. Taking a learning curve approach to the future cost development, this also 
 means that the price of diesel power plants can be expected to remain at more or less the same level as today.  


Diesel engines may however also run on natural gas and their advantageous ramping abilities compared to gas 
 turbines make them attractive as backup for intermittent renewable energy technologies. This may pave the way 
 for a wider deployment in future electricity markets. 


A recent 37 MW project on the Faeroe Island has been announced to cost 0.86 mill. $/ MWe (Ref 7).   


In the data sheet we consider a MWe oil fired power plant consisting of 5 units, at 20 MWe each and an estimated 
 price of 0.8 mill. $/ MWe.   
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 Data sheets 


The following pages contain the data sheets of the technology. All costs are stated in U.S. dollars ($), price year 
2016. The uncertainty is related to the specific parameters and cannot be read vertically – meaning a product with 
lower efficiency does not have the lower price or vice versa. 


Technology  Diesel engine (using fuel oil) 


1  Wärtsila, 2011, "White paper Combustion engine power plants", Niklas Haga, General Manager, Marketing & Business Development Power Plants  
 2  Danish Energy Agency, 2016, "Technology Data for Energy Plants" 


3  Minister of Environment, Regulation 21/2008 


4  The International Council on Combustion Engines, 2008: Guide to diesel exhaust emissions control of NOx, SOx, particles, smoke and CO2 
 5  http://www.bwsc.com/News---Press.aspx?ID=530&PID=2281&Action=1&NewsId=206 


6  BWSC once again to deliver highly efficient power plant in the Faroe Islands.   


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


   
 Notes:  


A  30 % minimum load per unit - corresponds to 6 % for total plant when consisting of 5 units   
 B  Total particulate matter 


C  Typical diesel exhausts emission according to Ref 3 (average of interval) unless this number exceeds the maximum allowed emission according to Minister of 
 Environment Regulation 21/2008. Both SO2 and particulates are dependent on the fuel composition. 


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