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Abstract

Gasification offers a number of energy options for supplementing and diversifying the coal-fired generating base, and for dealing with the waste based fuels in Europe when new directives on landfills come into force soon. Foster Wheeler has steadily developed its CFB gasification technology in Lahti and recently completed a unit for Electrabel in Belgium.  Further development has been on gasification of difficult fuels like straw and RDF. A totally new WTE concept is plaaned to be realized in Lahti Finland having capacity of 160 MWfuel, concept is based on gasification technology

1. Introduction

The Foster Wheeler Circulating Fluidized Bed (CFB) Gasification Technology was developed in the early 1980’s, the development work being driven by very high oil prices. The first commercial scale CFB gasifiers, using 17 to 35 MW of dry waste wood as feedstock, were delivered for the pulp and paper industry in the mid 80's for substituting oil in the lime kiln process. During the 1990’s, a gasification process producing raw gas from a variety of biomass and recycled fuels to be co-combusted in a pulverized coal (PC) boiler was developed.  Additionally, three commercial scale atmospheric CFB/BFB gasifiers with fuel inputs from 40 to 70 MW have been delivered in the years 1997 - 2003. 

Based on the recent success and evaluation of the future needs, Foster Wheeler Energia Oy (FW) has during the recent years been developing a gasification concept for converting difficult, mainly waste derived solid fuels into clean gas to be co-combusted in existing boilers. The first project with this concept, including an 80-MW gasifier, hot gas cleaning equipment and co-combustion in a PC boiler is in the design phase. However, there will be a delay in this project: The administrative court returned the permiting issue to the lower authority that had earlier given the permit. But an appeal to the high court has been prepared and provided to. However, the process will take another 6 - 12 months, but the readiness for the investment is being kept all the time by the customer.

2. Gasification Advantages

With fluidized bed gasification, cheap and potentially CO2 neutral solid fuels can be converted into combustible gas for replacing expensive oil, natural gas or coal. Locally available low-grade fuels such as wood chips, wood waste, bark, demolition wood, straw and wastes such as REF (in-origin classified recycled fuel) and RDF (refuse-derived fuel) have been successfully gasified. A CFB gasifier is a true multifuel unit with good fuel flexibility, i.e. the above-mentioned fuels can be used in the same unit - though the heat output varies with the heat value of the fuel. By connecting a gasifier for instance to a PC boiler, cheap solid fuels can be converted to power and heat at very high efficiency, compared with stand-alone units with the same fuel input. The gasifier - PC boiler process connection also offers low investment and operation costs, utilization of existing power plant capacity with small modifications to the main boiler, high plant availability and reduction of the boiler emissions. 

When using the clean gas concept, i.e. by cleaning the product gas prior to the combustion, it is possible to utilize in a safe way difficult, e.g. waste based fuels in a high efficiency PC boiler without fear of fouling risk or possible DeNOx catalyst poisoning risk which both can possibly result from direct co-firing of difficult solid fuels in PC boilers. 

Table 1 summarizes the Foster Wheeler atmospheric gasifier references.
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Table 1. Foster Wheeler atmospheric gasifier references.

3. FW CFB Gasification

The atmospheric CFB gasification system developed by FW is relatively simple. It consists of a reactor where gasification takes place, a cyclone to separate the circulating bed material from the gas, and a return pipe for returning the circulating material to the bottom part of the gasifier. All these components are entirely refractory lined. From the cyclone, the hot product gas flows into an air preheater located below the cyclone. Gasification air is blown with a high-pressure air fan to the bottom of the reactor, below a bed of particles through an air distribution grid. Air enters the gasifier at a velocity high enough to fluidize the bed particles and convey some of them out of the reactor and into the cyclone.  In the cyclone, gas and circulating solid material flow in the same direction – downwards – and both the gas and solids are extracted from the bottom of the cyclone. The following figure shows the main components of a CFB gasifier.

Fuel is fed into the lower part of the gasifier, above the air distribution grid. The incoming biofuel typically contains 20 - 60 % of water, 40 - 80 % of combustibles and 1-2 % of ash. Depending on the fuel and application, the operating temperature in the reactor is 800 - 1000 °C. When entering the reactor, the biofuel particles start to dry rapidly, and a primary stage of reaction, namely pyrolysis, occurs. During this reaction, fuel converts to gases, charcoal, and tars. Part of the charcoal flows to the bottom of the bed and is oxidized, generating heat. The products flow upwards in the reactor, and a secondary stage of reactions take place. These reactions can be divided into heterogeneous reactions, where char is one ingredient in the reactions, and homogeneous reactions where all the reacting components are in the gas phase. A combustible gas produced from these and other reactions then enters the cyclone and escapes the system together with some fine dust. 
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Fig. 1. The Foster Wheeler Gasifier.
Most of the solids in the system are separated in the cyclone and returned to the lower part of the gasifier. These solids contain char, which is combusted with the fluidizing air. This combustion process generates the heat required for the pyrolysis process and subsequent, mostly endothermic gasification reactions. The circulating bed material serves as a heat carrier and stabilizes the temperatures in the process. Coarse ash accumulates in the gasifier and is removed from the bottom with a water-cooled bottom ash screw.

3. The Lahti Gasifier, a Showcase for the Technology

The first CFB gasifier connected to a PC boiler was constructed in 1997 at the Kymijärvi power plant of Lahden Lämpövoima Oy. The Kymijärvi power plant produces electric power (167 MWe) and district heat (240 MW) for the city of Lahti, Finland. The Lahti gasifier was connected to a 20-year-old Benson-type once-through boiler, the steam data of which are 125 kg/s, 540 °C/170 bar/540 °C/40 bar. The boiler was converted from heavy oil firing to coal firing in 1982, and typically it operates about 7000 h/a, depending on the heat demand and electricity prices.

The Lahti gasifier started commercial operation in 1998 and initially used biofuels such as bark, wood chips, sawdust and uncontaminated wood waste. Other fuels have also been tested subsequently, including in-origin classified waste fuel (REF), railway sleepers and shredded tyres. As a result of availability and price changes, the share of REF fuel has gradually increased at the expense of cleaner biofuels. The gasifier has operated well with varying fuel mixes, with availabilities of 96 % or higher. Table 2 shows the used fuel ranges and produced energy in 1998 – 2003.
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Table 2. The fuels used in the Lahti Gasifier 1998 – 2003.
The effects of gasification on the main boiler were studied with comprehensive measurements during a one-year monitoring program. The changes in the boiler emissions were measured to be as follows: NOx, decrease by 10 mg/MJ; SOx, decrease by 20 - 25 mg/MJ (fuel effect); CO, no change; HCl, increase by 5 mg/MJ (fuel effect, low base level); particulate matter, decrease by 15 mg/m3n; heavy metals, increase in some (fuel effect, low base level); dioxins etc., no change. In the future, the reduction of CO2 emission will increase in importance.
	Emission
	Change caused by gasifier

	NOx
	Decrease by 10 mg/MJ  (5 - 10 %)

	SOx
	Decrease by 20 – 25 mg/MJ

	HCl
	Increase by  5 mg/MJ *

	CO
	No change

	Particulates
	Decrease by 15 mg/m3n

	Heavy metals
	Slight increase in some elements, base level low

	Dioxins, Furans, PAH, Benzenes, and Phenols
	No change


Table 3. Summary of the gasifier effect to the main boiler emissions.

4. The Ruien Gasification Project

Following the success in Lahti, a gasification plant based on the same concept was constructed at the Electrabel Ruien power plant, which is the largest fossil fuel -fired power plant in Belgium. The gasifier was connected to the tangentially fired once-through boiler (steam values 180 bar / 540 °C) of Unit 5, which has a power output of 190 MWe. The new plant increases the use of renewable energy, thus reducing CO2 emissions. The Flemish legislation includes a system of green certificates to encourage the use of renewable energy, so that the share of it in electricity production would rise to 5 % in 2010. 

The design fuel for the gasifier is fresh wood chips, but the gasifier can also utilize other types of fuel, such as bark, hard and soft board residues and dry, recycled wood chips, and the fuel moisture may vary between 20 and 60 %. Depending on the fuel mix, the heat input to the boiler is normally 45 – 70 MW.  The plant has been in commercial operation since May 2003. A drawing illustrating the gasifier connection to the boiler, and a photograph of the gasifier built in the middle of existing power plant structures are shown below.
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Fig. 2. The layout of the Ruien Gasification Plant connected to the PC boiler.
5. Gasification experiences of difficult biofuels

The basic concept with combustion of the raw (uncleaned) product gas in a PC boiler is simple and works very well with relatively clean biofuels. However, such fuels are not always abundantly available. In the near future, co-firing of secondary, more difficult fuels is expected to be extended significantly. This is of increasing interest because substitution of fossil fuels by biomass will reduce the CO2 emissions. On the other hand, coal-fired boilers are likely to be equipped with SCR to reduce NOx emissions. However, the results show that the direct co-combustion of bio-residues such as RDF, sewage sludge, waste wood or meat and bone meal in existing coal fired power plants leads to increased deactivation of SCR catalysts. Also an increased risk of fouling and possible corrosion  in the superheater section of the boiler has to be taken into the consideration in direct co-combustion applications. Analyses of deactivated catalyst samples indicate that the high concentration of phosphorus and sodium compounds as constituents of bio-residues has a significant influence on the deactivation rate. This deactivation problem can be avoided by, instead of direct secondary fuel combustion in the PC boiler, combining the boiler with a gasifier producing clean gas. FW fluidized bed gasifier can be equipped with product gas cleaning equipment, where  harmfull components such as alkalies, trace metals, etc can be removed. Clean gas is then lead to the main boiler and co-combusted in a safe way. The following chapters describe examples of clean gas applications.

5.1 Gasification of Straw

Straw gasification technology including gas cooling and cleaning was developed further and found technically feasible by Foster Wheeler and Energi E2 (Denmark) in 1999 – 2001.

The alkaline and chlorine contents of straw may vary a lot, but the following values are typical for Danish straw: sodium (Na) 0.03 % in d.s., potassium (K) 1.8 % in d.s. and chlorine (Cl) 0.6 % in d.s. Several test runs with pelletized and loose straw were carried out at a 3 MWth CFB gasification pilot plant at the Karhula R&D Center of Foster Wheeler Energia Oy. In the first test series, pelletized straw was found to guarantee trouble-free fuel feeding and steady gasification process. The main objectives of the tests were to study the conditions for gasification, gas cooling, dust separation and gas combustion. It was confirmed that pelletized straw could be gasified in spite of its high alkali contents and low melting point of the ash.
During the three test campaigns, more than 220 tons of pelletized and loose straw were gasified, and the total operational hours were over 400. Based on the pilot test program, the following conclusions could be drawn:

· Gasification of loose straw is technically feasible,

· Smooth, stable operation with high alkaline fuel was achieved,

· Wood and straw may be gasified together and trouble-free operation was reached,

· Carbon conversion was in the range of 95 - 97 %,

· It was possible to keep the gas cooler clean both by soot blowing and by spring hammering,

· The hot gas filter operated well without blinding by tars and it removed also alkalis and chlorides quantitatively at 350 - 370 °C from the synthesis gas,

· In the gasification conditions, PAH were formed, dioxins and furans were not formed,

· The optimal gasification conditions were validated in the project.

The design study indicated that the economy of a 100 MWth gasifier integrated with an existing large CHP plant is sensitive to the fuel and energy prices. At the price level of 2001 (e.g., straw price 5.6 €/GJ or 83.1 €/ton; market price of electricity 21.4 €/MWh), a biomass fuel slightly cheaper than straw would have been required to make the investment profitable in Denmark. Technical and economical evaluations have been continued for straw and other biofuels with high alkali and chlorine contents, but so far no plants based on this concept have been built. However, the economics appear to favor the lowest cost waste based fuels that can be converted to power and heat with nearly identical systems.

5.2 Energy Production from Recycled Fuels through Gasification

Energy recovery from industrial and municipal wastes has become an important option for waste management and power production. The Kyoto protocol and EU’s target to increase the share of renewable energy favor this trend. In the future, materials that can be composted or contain combustible fractions cannot be landfilled any more. Also the requirement of more efficient recycling and energy recovery favors technologies utilizing combustible fractions at the highest efficiency. 

Building on the successful demonstration of CFB gasification and co-combustion in Lahti, FW has been developing gasification-based solutions for turning waste fuels into energy. Figure 3 shows the layout of the gasification plant produsing clean gas from recycled fuels. Besides pilot plant tests with gas cleaning, long term testing has been carried out with slipstream equipment at the Lahti gasification plant. This slipstream unit is provided with a FW gas cooler and a commercial hot gas filtration system. In September 2003, it had logged about 1500 operation hours with product gas, and testing continued. This development project led by FW has been co-funded by TEKES (National Technology Agency of Finland), and the other partners have been Lahti Energia Oy and Energi E2.
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Fig. 3. The Foster Wheeler gasifier concept for recycled fuels.
Lahti Energia, a Finnish utility in Lahti town,has produced energy from biomass and waste derived fuels during 6,5 years by their existing gasifier, all operational results and gasifier availability has been very positive.  This gasifier plant investment was subsidiced by EU Thermie project. After the year 2005 waste based fuels and contaminated wood can not be used anymore. This is due to the coming waste inceneration directive (WID), if Lahti would continue waste material gasification they would need to equip the old PC boiler with DeNOx and DeSOx equipment. Investment of these additional flue gas treatment equipment will be too high considering the age of the old boiler (boiler is from 70’s). These flue gas treatment equipment shall be needed also incase the existing gasifier will be equipped by the product gas cleaning system.

In Lahti city the sorting of the wastes has been developed during these 6,5 years to such level that suitable materials are recycled and residual materials containing energy are used in gasifier for energy production. Sorting and recycling is done “in house” so that waste streams are separate already in normal households. Lahti is very keen to continue this kind of procedure in their waste treatment chain, while they have received very positive response from normal citizens and also while the system fulfills allready the coming targets in waste handling.

Foster Wheeler Energia Oy, VTT and Lahti Energia have during recent years put lots of efforts in developing product gas cleaning system for gasifiers. Main target of gas cleaning is to produce clean gaseous fuel from difficult fuels like RDF, contaminated wood waste, straw, plastic wastes, auto shredder residues, etc. With this clean gas it will be possible to produce energy from waste based fuels with high steam temperature and pressure values, resulting to high electrical efficiency in such gasification based power plant. The cleaned product gas can be either co-fired in the existing power plants or in completely new stand alone plants. Future targets are waste based fuel product gas utilization in gas motors, gas engines and in other processes like Fischer Tropsch process.

Both VTT and FWE have, in their pilot scale gasification and gas cleaning units, made several successful testing periods with different types of waste or agricultural fuels. These tests have shown that cleaning of the product gas is possible to such level, that it can be utilized in energy production with high electrifical efficiency compared to traditional WTE plants. In stand alone gasification plant efficiency in electricity production can be higher than 35 % (gross, condensing plant) while in waste inceneration the efficiency is lower than 25 % even in most of the modern plants. 

FWE and Lahti Energia have during 2003 built slip stream gas cooling and cleaning equipment, connected to the existing Lahti gasifier. This slip stream equipment was operated totally 3350 hours showing as well positive operational results. Also several technical notices for building a commercial size plant have been notified. 

The target is to built a CHP plant with fuel input 160 MW, electricity production 42 MW gross and district heat production 100 MW. Annual waste stream will be 250.000-300.000 t/a and it is partially industrial based RDF and partially local in origin sorted energy waste. The plant concept includes waste fuel (RDF) reception and storage; two separate 80 MW gasifier lines, each including gasifier+gas cooler+gas filter; one common gas fired boiler and new CHP turbine plant. A bag house filter equipped with sorbent feeding will be installed after the product gas boiler to ensure that emissions will meet the WID requirements. Figure 4 shows the basic principle of the planned gasification plant produsing clean gas from recycled fuels
Lahti Energia and one Finnish major waste treatment and RDF fuel supplying company plan to sign fuel contract in the summer 2005. Environmental assessment procedure is scheduled to be finished during summer 2005. Environmental licences are scheduled to autumn 2005. 

Fig. 4. Figure 4 shows the basic principle of the planned Lahti WTE gasification plant 
6. Conclusions
Since the early 1980’s Foster Wheeler has steadily developed its CFB gasification technology and recently completed a unit for Electrabel in Belgium. Gasification offers a number of energy options for supplementing and diversifying the coal-fired generating base. 

A CFB gasifier is a true multifuel unit with good fuel flexibility, i.e. very different fuels can be used in the same unit - though the heat output varies with the heat value of the fuel. By connecting a gasifier for instance to a PC boiler, the boiler fuel mixture can be extended and cheap solid fuels can be converted to power and heat at a very high efficiency, compared with stand-alone units with the same fuel input. The gasifier - PC boiler process connection also offers low investment and operation costs, utilization of existing power plant capacity with small modifications to the main boiler, high plant availability and reduction of the boiler emissions.
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