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                    Brief technology description 


Municipal solid waste (MSW) is a type of waste consisting of everyday items that are discarded by the public. 


The composition of MSW varies greatly from municipality to municipality, and it changes significantly with time. 


The MSW industry has four components: recycling, composting, disposal, and waste-to-energy. MSW can be 
 used to generate energy. Several technologies have been developed that make the processing of MSW for energy 
 generation cleaner and more economically viable than ever before, including landfill gas capture, combustion, 
 pyrolysis, gasification, and plasma arc gasification (ref. 1). While older waste incineration plants emitted a lot of 
 pollutants, recent regulatory changes and new technologies have significantly reduced this concern. This chapter 
 concentrates on incineration plants and landfill gas power plants. 


Incineration power plants  


The major components of waste to energy (WtE) incineration power plants are: a waste reception area, a feeding 
 system, a grate fired furnace interconnected with a steam boiler, a steam turbine, a generator, an extensive flue 
 gas cleaning system and systems for handling of combustion and flue gas treatment residues. 


The method of using incineration to convert municipal solid waste to energy is a relatively old method of WtE 
 production. Incineration generally entails burning waste (residual MSW, commercial, industrial, and 
 refuse-derived fuel) to boil water which powers steam generators that make electric energy and heat to be used in homes, 
 businesses, institutions and industries. One problem associated with incinerating MSW to make electrical energy 
 is the potential for pollutants to enter the atmosphere with the flue gases from the boiler. These pollutants can be 
 acidic and were in the 1980s reported to cause environmental damage by turning rain into acid rain. Since then, 
 the industry has removed this problem by the use of lime scrubbers and electro-static precipitators on 


smokestacks. By passing the smoke through the basic lime scrubbers, any acids that might be in the smoke are 
 neutralized, which prevents the acid from reaching the atmosphere and hurting the environment. Many other 
 devices, such as fabric filters, reactors, and catalysts destroy or capture other regulated pollutants.  


The caloric value of MSW depends on the composition of the waste. Next table gives the estimated caloric value 
 of MSW components on dry weight basis. 


Table 18: Average heat values of MSW components (ref. 2) 
 Component  Heat Value (GJ/ton) 


The waste is delivered by trucks and is normally incinerated in the state in which it arrives. Only bulky items are 
 shredded before being fed into the waste bunker. 


Landfill gas power plants 


The disposal of wastes by land filling or land spreading is the current most common fate of solid waste. As solid 
waste in landfills decomposes, landfill gas is released. Landfill gas consists of approximately 50% methane, 42% 


fill gas can be used as fuel feedstock to produce electricity. The production volume of land-fill gas from the same 
 sites can have a range of 2-16 m3/day. 


Figure 26: Land-fill gas to energy (ref. 5)  


The table below summarizes the suitability of each technology to selected waste streams from Municipal, 
 Agricultural and Industrial sources. The basic outputs of each technology are also given in terms of electricity, 
 heat, biogas, digestate, syngas and other commercial solids. 


Figure 27: Summary of waste to energy technologies’ suitability per waste stream and potential output (ref. 4) 


Input 


MSW and other combustible wastes, water and chemicals for flue gas treatment, gasoil or natural gas for auxiliary 
 burners (if installed), and in some cases biomass or fuel oil for starting and closing down. 


Land-fill gas is the fuel feedstock for the land-fill gas power plants. 


Output 


For combustion systems, the outputs are electricity and if relevant also heat as hot (> 110 oC) or warm (<110 oC) 
 water, bottom ash (slag), residues from flue gas treatment, including fly ash. If the flue gas is treated by wet 
 methods, there may also be an output of treated or untreated process wastewater (the untreated wastewater 
 originates from the SO2-step, when gypsum is not produced). 


For land-fill gas systems, the outputs are electricity and heat. The land-fill gas which has been cleaned (from 
 sulphur and carbon dioxide contents) can be sold as commercial gas through natural gas pipeline networks. 


Typical capacities 
 Medium: 10 – 50 MW.  


Small: 1 – 10 MW.


Ramping configurations 


The plants that using combustion technologies can be down regulated to about 50% of the nominal capacity, 
 under which limit the boiler may not be capable of providing adequate steam quality and environmental 
 performance. For emission control reasons and due to high initial investments, they should be operated as base 
 load.  


Land-fill gas to energy plants can also be ramped up or down depending on the availability of the land-fill gas in a 
 storage. 


Advantages/disadvantages 
 Advantages: 


  Waste volumes are reduced by an estimated 80-95%. 


  Reduction of other electricity generation. 


  Reduction of waste going to landfills. 


  Avoidance of disposal costs and landfill taxes. 


  Use of by-products as fertilizers. 


  Avoid or utilisation of methane emissions from landfills. 


  Reduction in carbon emitted. 


  Domestic production of energy. 


  The ash produced can be used by the construction industry. 


  Incineration also eliminates the problem of leachate that is produced by landfills. 


Disadvantages: 


  Incineration facilities are expensive to build, operate, and maintain. Therefor incineration plants are 
 usually built for environmental benefits, instead of for power generation reasons. 


  Smoke and ash emitted by the chimneys of incinerators include acid gases, nitrogen oxide, heavy metals, 
 particulates, and dioxin, which is a carcinogen. Even with controls in place, some remaining dioxin still 
 enters the atmosphere. 


  Incineration ultimately encourages more waste production because incinerators require large volumes of 
 waste to keep the fires burning, and local authorities may opt for incineration over recycling and waste 
 reduction programs. 


In developing countries like Vietnam, waste incineration is likely not as practical as in developed countries, since 
 a high proportion of waste in developing countries is composed of kitchen scraps. Such organic waste is 


composed of higher moisture content (40-70%) than waste in industrialized countries (20-40%), making it more 
 difficult to burn. 


Environment 


The incineration process produces two types of ash. Bottom ash comes from the furnace and is mixed with slag, 
while fly ash comes from the stack and contains components that are more hazardous. In municipal waste 
incinerators, bottom ash is approximately 10% by volume and approximately 20 to 35% by weight of the solid 
waste input. Fly ash quantities are much lower, generally only a few percent of input. Emissions from incinerators 
can include heavy metals, dioxins and furans, which may be present in the waste gases, water or ash. Plastic and 


Leachate generation is a major problem for municipal solid waste (MSW) landfills and causes significant threats 
 to surface water and groundwater. Leachate may also contain heavy metals and high ammonia concentration that 
 may be inhibitory to the biological processes. Technologies for landfill leachate treatment include biological 
 treatment, physical/chemical treatment and “emerging” technologies such as reverse osmosis (RO) and 
 evaporation. 


Research and development 


Waste incineration plants is a very mature technology (category 4), whereas landfill gas is commercialised, but 
 still being gradually improved (category 3). There are, however, several other new and emerging technologies 
 that are able to produce energy from waste and other fuels without direct combustion. Many of these technologies 
 have the potential to produce more electric power from the same amount of fuel than would be possible by direct 
 combustion. This is mainly due to the separation of corrosive components (ash) from the converted fuel, thereby 
 allowing higher combustion temperatures in e.g. boilers, gas turbines, internal combustion engines, fuel cells. 


Some can efficiently convert the energy into liquid or gaseous fuels: 


  Pyrolysis — MSW is heated in the absence of oxygen at temperatures ranging from 550 to 1300 degrees 
 Fahrenheit. This releases a gaseous mixture called syngas and a liquid output, both of which can be used 
 for electricity, heat, or fuel production. The process also creates a relatively small amount of charcoal. 


(ref. 1) 


  Gasification — MSW is heated in a chamber with a small amount of oxygen present at temperatures 
 ranging from 750 to 3000 degrees Fahrenheit. This creates syngas, which can be burned for heat or power 
 generation, upgraded for use in a gas turbine, or used as a chemical feedstock suitable for conversion into 
 renewable fuels or other bio-based products. (ref. 1) 


Table 19: Efficiency of Energy Conversion Technologies (ref. 9 and ref. 10) 
 Technology  Efficiency (kWh/ton of waste) 


Land-fill gas  41 – 84 


Combustion (Incinerator)  470 – 930 


Pyrolysis  450 – 530 


Gasification  400 – 650 


Table 20: Expected Landfill Diversion (ref. 11 and ref. 12) 
 Technology  Land diversion (% weight) 


Land-fill gas  0 


Nam Son waste incineration power plant 


Nam Son waste incineration power plant located in Soc Son district, Ha Noi with generating capacity of 1.93 
 MW. The plant inaugurated in April 2017. The plant used combustion technology, burning waste to generate 
 electricity with a capacity of 75 tons waste per day. The net generating capacity of plant is 1.2 MW. The 
 investment was 29.2 M$, equal the investment rate of 15.1 M$/MW.  


Go Cat Land fill gas 


Go Cat landfill of garbage with total capacity of 2.4 MW (3 units). This plant funded by the Dutch Government, 
 started construction from 2001 and generated to the grid in 2005. In 2017 a second plant with 7 MW was added to 
 Go Cat. 


Developing municipal solid waste power plant in Vietnam faces some challenges:  


  There is no local solid waste development plan. 


  There are no specific guidelines and regulations on the classification of solid waste at source. 


  Most of imported technology is not suitable, the domestic equipment and technology are not complete 
and synchronized. 


  Lack of experiment in management and operation on the classification of solid waste at source. 
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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.  


Technology  Incineration Power Plant - Municipal Solid Waste 


1  Danish Technology Catalogue “Technology Data for Energy Plants, Danish Energy Agency 2107- update in progress   
    


Notes:  


A  Based on experience from the Netherlands where 30 % electric efficiency is achieve. 1 %-point efficiency subtracted to take into account higher temperature of cooling 
 water in Indonesia (approx. +20 C). 


B  The investment cost is based on waste to energy CHP plant in Denmark, according to Ref 1. A waste treatment capacity of 27,7 tonnes/h is assumed and an energy 
 content of 10,4 GJ/ton.  The specific financial data   is adjusted to reflect that the plant in Indonesia runs in condensing mode and hence the electric capacity (MWe) is 
 higher than for a combined heat and power, backpressure plant with the same treatment capacity.  


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


D  Calculated from size, fuel efficiency and an average calorie value for waste of 9.7 GJ/ton. 


   


Technology  Landfill Gas Power Plant - Municipal Solid Waste 


1  OJK, 2014, "Clean Energy Handbook for Financial Service Institutions", Indonesia Financial Service Authority, Jakarta, Indonesia  
 2  Renewables Academy" (RENAC) AG, 2014, "Biogas Technology and Biomass", Berlin, Germany. 


3  IEA-ETSAP and IRENA, 2015. "Biomass for Heat and Power, Technology Brief". 


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


   


5  MEMR, 2015, "Waste to Energy Guidebook", Jakarta, Indonesia.   


   
 Notes:  


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