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6.  BIOMASS POWER PLANT 


Brief technology description 


Biomass can be used to produce electricity or fuels for transport, heating and cooking. The figure below shows 
 the various products from biomass. This chapter focuses on solid biomass for combustion to power generation. 


Figure 21: Biomass conversion paths (ref. 1) 


The technology used to produce electricity in biomass power plants depends on the biomass resources. Due to the 
 lesser heating value of biomass compared to coal and the limitations in steam temperature and pressure due the 
 mineral contents of the ash, the electric efficiency is lower – typically 15-35% (ref. 2). 


Direct combustion of biomass is generally based on the Rankine cycle, where a steam turbine is employed to 
 drive the generator, similar to a coal fired power plant. A flue gas heat recovery boiler for recovering and 
 pre-heating the steam is sometimes added to the system. This type of system is well developed, and available 
 commercially around the world. Most biomass power plants today are direct-fired (ref. 3). In direct combustion, 
 steam is generated in boilers that burn solid biomass, which has been suitably prepared (dried, baled, chipped, 
 formed into pellets or briquettes or otherwise modified to suit the combustion technology) through fuel treatment 
 and a feed-in system. Direct combustion technologies may be divided into fixed bed, fluidized bed, and dust 
 combustion. In dust combustion, the biomass is pulverized or chopped and blown into the furnace, possibly in 
 combination with a fossil fuel (see figure below). 


Vietnam has abundant biomass resources. The sources include palm oil, sugar cane, rubber, coconut, paddy, corn, 
 cassava, cattle, and municipal waste. Municipal waste is treated in a separate chapter of this technology catalogue. 


Figure 22: Technologies for industrial biomass combustion (ref. 4)  


Type  LHV (GJ/ton)  Moisture (%)  Ash (%) 


The table above shows that the caloric values of the biomass feedstocks range from 5 – 18 GJ/ton, with the palm 
 oil empty fruit brunches (EFB) as the lowest and coconut shells as the highest. The calorific value is highly 
 dependent on the moisture content of the fuel. 


Co-firing with coal 


There are three possible technology set-ups for co-firing coal and biomass: direct, indirect and parallel co-firing 
 (see figure below). Technically, it is possible to co-fire up to about 20% biomass capacity without any 


technological modifications; however, most existing co-firing plants use up to about 10% biomass. The co-firing 
 mix also depends on the type of boiler available. In general, fluidized bed boilers can substitute higher levels of 
 biomass than pulverized coal-fired or grate-fired boilers. Dedicated biomass co-firing plants can run up to 100% 


biomass at times, especially in those co-firing plants that are seasonally supplied with large quantities of biomass 
 (ref. 5). 


Figure 23: Different biomass co-firing configurations (ref. 6) 


Combustion can in general be applied for biomass feedstock with moisture contents between 20 – 60% depending 
 on the type of biomass feedstock and combustion technology. 


Input 


Biomass; e.g. residues from industries (wood waste, empty fruit bunches, coconut shell, etc.), wood chips 
 (collected in forests), straw, and energy crops. 


Wood is usually the most favourable biomass for combustion due to its low content of ash and nitrogen. 


Herbaceous biomass like straw and miscanthus have higher contents of N, S, K, Cl etc. that leads to higher 
 primary emissions of NOx and particulates, increased ash, corrosion and slag deposits. Flue gas cleaning systems 
 as ammonia injection (SNCR), lime injection, back filters, De NOx catalysts etc. can be applied for further 
 reduction of emissions. 


Other exotic biomasses as empty fruit bunch pellets (EFB) and palm kernel shells (PKS) are available in the 
market. 


Typical capacities 


Large: bigger than 50 MWe
 Medium: 10 – 50 MWe.  
 Small: 1 – 10 MWe.
 Ramping configuration 


The plants can be ramped up and down. Medium and small size biomass plants with drum type boilers can be 
 operated in the range from 40-100% load. Often plants are equipped with heat accumulators allowing the plant to 
 be stopped daily. 


Advantages/disadvantages 
 Advantages: 


  Mature and well-known technology. 


  Burning biomass is considered CO2 neutral. 


  Using biomass waste will usually be cheap.  


Disadvantages: 


  The availability of biomass feedstock is locally dependent.  


  Use of biomass can have negative indirect consequences e.g. in competition with food production, 
 nature/biodiversity. 


  In the low capacity range (less than 10 MW) the scale of economics is quite considerable. 


  When burning biomass in a boiler, the chlorine and sulfur in the fuel end up in the combustion gas and 
 erode the boiler walls and other equipment. This can lead to the failure of boiler tubes and other 
 equipment, and the plant must be shut down to repair the boiler.  


  Fly ash may stick to boiler tubes, which will also lower the boiler’s efficiency and may lead to boiler tube 
 failure. With furnace temperatures above 1000°C, empty fruit bunches, cane trash, and palm shells create 
 more melting ashes than other biomass fuels. The level for fused ash should be no more than 15% in 
 order to keep the boiler from being damaged. (ref. 9) 


Environment 


The main ecological footprints from biomass combustion are persistent toxicity, climate change, and 
 acidification. However, the footprints are small (ref. 10).


Research and development 


Biomass power plants are a mature technology with limited development potential (category 4). However, in 
 Vietnam, using biomass for power generation is relatively new. 


A significant share of biomass energy is consumed in Vietnam for traditional uses, for example cooking with low 
 efficiency (10%-20%) while modern uses of biomass for heat and power generation include mainly 


high-efficiency, direct biomass combustion, co-firing with coal and biomass gasification. These modern uses, 
 especially direct combustion, are increasing in Vietnam now. Solid and liquid palm oil wastes seem to be the 
 most favourable choices for biomass feedstock due to the easy access and handling and also the availability.  


Direct, traditional uses of biomass for heating and cooking applications rely on a wide range of feedstock and 
simple devices, but the energy efficiency of these applications is very low because of biomass moisture content, 
low energy density, inefficient combustion and the heterogeneity of the basic input. A range of pre-treatment and 
upgrading technologies have been developed to improve biomass characteristics and make handling, transport, 
and conversion processes more efficient and cost effective. Most common forms of pre-treatment include: drying, 
pelletization and briquetting, torrefaction and pyrolysis, where the first two are by far the most commonly used. 


Figure 24: Energy density of biomass and coal (ref. 11) 


MSW incineration, anaerobic digestion, land-fill gas, combined heat and power and combustion are examples of 
 biomass power generation technologies which are already mature and economically viable. Biomass gasification 
 and pyrolysis are some of the technologies which are likely to be developed commercially in the future. 


Gasifier technologies offer the possibility of converting biomass into a producer gas, which can be burned in 
 simple or combined-cycle gas turbines at higher efficiencies than the combustion of biomass to drive a steam 
 turbine. Although gasification technologies are commercially available, more needs to be done in terms of R&D 
 and demonstration to promote their widespread commercial use. 


Figure 25: Biomass power generation technology maturity status (ref. 12) 


Biomass pyrolysis is the thermal decomposition of biomass in the absence of oxygen. The products of 


decomposition are solid char, a liquid known as bio-oil or pyrolysis oil and a mixture of combustible gases. The 
 relative proportions of solid, liquid and gaseous products are controlled by process temperature and residence 
 time, as indicated in the table below. 


Bio-oil has a lower heating value of about 16 MJ/kg and can after suitable upgrading be used as fuel in boilers, 
 diesel engines and gas turbines for electricity or CHP generation. As a liquid with higher energy density than the 
 solid biomass from which it is derived, bio-oil provides a means of increasing convenience and decreasing costs 
 of biomass transport, storage and handling. 


Table 17: Phase makeup of biomass pyrolysis products for different operational modes (ref. 13) 


Mode  Conditions  Composition 


Liquid  Char  Gas 


Fast pyrolysis  Moderate temperature, 
 short residence time 


75%  12%  13% 


Carbonization  Low temperature, very  30%  35%  35% 


long residence time 
 Gasification  High temperature, long 


residence time  5%  10%  85% 


ASEAN has analysed investment costs for biomass (Ref. 15) in Indonesia, Malaysia and Thailand. While several 
 smaller units had investment costs of US$2016 2.5/W, a 15 MW Indonesian unit have much lower costs of US$2014
 0.6/W. 


Examples of current projects 


The KCP Phu Yen Biomass Power Plant is located in the Hoa Son Sugar Factory land area. KCP Vietnam 
 Industrial Co., Ltd. has invested in the plant to utilize the bagasse generated during the sugar production process. 


The factory has two units of 2x30 MW. The first phase consists of a 30 MW unit which was put into operation in 
 April 2017. As the plant continuously uses residues from the sugar, it operates in parallel with the sugar factory 
 with an input 8,000 tons of biomass per hour. Unit 1 is co-generating electricity and steam for industrial use at the 
 sugar factory. Unit 2 will also operate in parallel with the operation with the sugar plant and will use 10,000 tons 
 of biomass per hour. This unit will only generate electricity. 


KCP Phu Yen biomass power plant uses stoker fired boiler technology. Each unit is configured with 1 boiler, 1 
 steam turbine and 1 generator, and it uses a cooling tower with additional water from Ba river. 


The plant has applied a high-performance electrostatic filter (ESP) system to control and ensure the dust content 
 meets environmental standards. Slag ash is used as input to the microbial fertilizer plant next to the Sugar 
 Factory. Waste water treatment is undertaken at a separate waste water treatment system shared with the Sugar 
 Plant. The fuel used for the first phase (1x30 MW) is mainly bagasse from Hoa Son sugar factory. For the 2nd
 phase (2x30 MW) bagasse from the sugar factory will also be used, but other biomass fuel such as rice husk, 
 coconut and cashew nut shell will also be added. 


The main factory area occupies about 12.6 ha. The plant (first unit 30 MW) started construction by the end of 
 2015, completed and officially put into operation in April 2017. The total investment of the project was 58.45 
 million $, of which the investment for the first phase is 29.2 million $, equivalent to 1 M$ / MW. 
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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 data sheet describes plants used for production of electricity. These data do not apply for industrial plants, 
 which typically deliver heat at higher temperatures than power generation plants, and therefore they have lower 
 electricity efficiencies. Also, industrial plants are often cheaper in initial investment and O&M, among others 
 because they are designed for shorter technical lifetimes, with less redundancy, low-cost buildings etc. 


The investment in the Vietnam case is low because the KCP plant is located in Sugar factory area so it has the advantage 
in construction as well as shares some items with the sugar factory. 


Technology  Biomass power plant (small plant) 


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


2  ASEAN Centre of Energy, 2016, "Levelised cost of electricity generation of selected renewable energy technologies in the ASEAN member st 
 3  Danish Energy Agency and COWI, 2017, "Technology catalogue for biomass to energy".   


4  IRENA, 2015, "Renewable power generation cost in 2014" 


5  IFC and BMF, 2017, "Converting biomass to energy - A guide for developmers and investors". 


6  OJK, 2014, "Clean Energy Handbook for Financial Service Institutions", Indonesia Financial Service Authority. 


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


8  "PKPPIM, 2014, ""Analisis biaya dan manfaat pembiayaan investasi limbah menjadi energi melalui kredit program"", Center for Climate Change and Multilateral Policy 
 Ministry of Finance Indonesia." 


9  India Central Electricity Authority, 2007, "Report on the Land Requirement of Thermal Power Stations".  


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


11  Learning curve approach for the development of financial parameters. 


   
 Notes:  


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


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