Utilisation of Straw and Wood in Large-Scale Power Plants.
Ph.D. Per Ottosen, Energi E2 A/S, DK- Copenhagen.

Abstract:

Each year 300.000 tons of wood pellets are to be combusted at Avedøre Unit 2, corresponding to a typical monthly use of 40000-60000 t, as biomass only are used in the cold part of the year. At the same plant up to 150000 tons of straw in bales are combusted in a separate grate fired boiler.

Avedøre Unit 2 consist of a 100 MWt straw fired boiler, two 50 MWe gas turbines, and an 800 MWt tower boiler. The two boilers and the gas turbines are integrated into the same water/steam cycle. The exhaust gas from the gas turbines are used for feed water preheating. The steam produced in the straw fired boiler is mixed with the steam produced in the tower boiler and enter the high pressure turbine. The unit is designed for steam at 580 °C/600 °C and 300 bars. The main boiler is fired with a mix of wood pellets, natural gas and heavy fuel oil and is a once through of the Benson type with single reheat. The Furnace is designed for coal firing and has a tangential firing system consisting of 16 low NOx burners placed at the corners of the furnace in four levels. Initially the steam temperature has been reduced to 540 °C and 70 % load to reduce the corrosion rate caused by introducing the wood pellets

The boiler is equipped with deNOx unit. However, during the introduction of wood pellets 2 of the 3 layers of catalysts were removed due to expected deactivation of the catalyst. 

Avedøre unit 2
Avedøre 2 is build by i/s Avedøre 2, a joint venture of Eastern Denmark’s power company Energi E2 and Sweden’s largest power company Vattenfall.

Vattenfall owns 40 per cent of the new plant.

The Avedøre site figure 1 , which can be seen from planes using Copenhagen’s main airport, is placed on reclaimed land in Køge Bay, about 10 km south of Copenhagen.

Avedøre unit 2 is placed alongside Avedøre unit 1.

Avedøre unit 1 and 2 produces electricity for eastern Denmark and heat for metropolitan region of Copenhagen. The district heating system in the metropolitan region of Copenhagen is one of Northern Europe’s largest district heating networks.
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Fig. 1 Avedøre site near Copenhagen
 Avedøre  unit 2 placed near the city of Copenhagen  started commercial operation at the end of 2001, and is one of the world’s most efficient, fuel flexible, and environmentally optimal CHP plants. The plant can with high efficiency burn natural gas, bio fuels as straw and wood pellets and heavy fuel oil.

 The basic idea of the multifuel concept is shown on figure 2. Each fuel is burnt separately in combustion systems optimised for the fuel in order to achieve maximum efficiency for each fuel.

Therefore the fuels are not blended and burned in a combined boiler but straw is burned separately in biomass boiler, gas/oil/wood pellets is burned in a boiler constructed to pulverized fuel oil and natural gas is used in gas turbines. 

Steam output from each fuel source is integrated and fed to a single modern high efficiency steam turbine.

Exhaust heat from gas turbines are used for feed water reheating.
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Fig. 2 Avedøre unit 2 process diagram

The heart of Avedøre 2 is a large ultra super critical (USC) plant originally prepared to burn natural gas and heavy fuel oil. This USC plant consists of a boiler, a steam turbine, an electrical generator and a flue gas cleaning system.

Fig. 3 shows the USC boiler, steam turbine, gas turbine and flue gas cleaning lay out.
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Fig.3 Lay out AVV unit 2

In order to be able to burn more biomass it was decided to retrofit the plant to burn wood pellets. This retrofit consists of three new mills for wood pellets, made as modified coal mills.
Also new pellets storage was established and a covered fuel transport system was established.

The amount of wood pellets account for 300,000 ton per year, and the remaining fuels are natural gas and heavy fuel. The plant will be able to use wood pellets from late 2002.

Figure 4 shows the handling system for wood pellets.

[image: image6.emf]
Fig. 4   Fuel handlings system wood pellets at AVV2

· USC plant

At the heart of Avedøre 2 is a large ultra supercritical (USC) plant burning mainly gas, oil and wood pellets. This USC plant consists of boiler, steam turbine, electrical generator and flue gas cleaning unit. The amount of wood pellets account for 300000 t per year, the remaining fuels are natural gas and heavy fuel oil. The boiler is a tangentially fired tower boiler with single reheat.
The USC plant can both produce electricity and district heat.

The USC plant is equipped with high dust SCR deNOx and ESP for dust removal and at last gypsum producing flue gas cleaning system.

· Gas turbine plant 

There are two areoderivative gas turbines, which provide peak load electricity generation and which also are used to preheat the feed water to the USC boiler via exhaust heat recovery units.

The gas turbines can only burn natural gas

· Biomass plant

A biomass boiler plant, initially running on straw and with possibility of later to use wood chips, will provide additional steam to the steam turbine of the USC plant.

The biomass plant will account for about 10 per cent of annual fuel consumption at Avedøre 2, consuming 150000 t straw delivered in big bales.

Main process data of Avedøre 2:

High pressure steam 

300 bar and 580 C

Reheated steam


600 C

Fuel input main boiler


800 MW thermal 

Fuel input straw fired boiler

105 MW thermal 
Main production data of AVV2:

During full load in condensing mode there is no heat production, but the production of electrical power is totally 590 MWel with two gas turbines running and straw fired boiler running.

In full backpressure mode the production of electrical power and heat are 510MW/565 MJ/s with gas turbines straw fired boiler running.
Fuel flexibility
Table 1. Shows important fuel data for fuels used at Avedøre Unit 2.  Figure 5 shows a big bale of straw.  Each bale has a weight of 550 kg. The biomass boiler can burn 300000 bales per year. Figure On figure 6 there are some wood pellets. The diameter of a pellet is 8-10 mm and the length 10-20 mm.

Table 1: Data of fuel used at AVV2:

	Fuel
	Heating value
	Sulphur

%
	Ash

%
	CO2 emission

kg/GJ

	Natural gas
	39,6 MJ/Nm³
	0,00
	0
	57

	Fuel oil
	40,5 GJ/tons
	2,50
	1
	78

	Straw
	14,5 GJ/tons
	0,15
	4
	0

	Wood pellets
	17,5 GJ/tons
	0,10
	1
	0
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Figure 5. One big bale of straw


Figure 6. Wood pellets

As a consequence of this high flexible fuel system and the multifuel plant concept it is possible depending on outer conditions as fuel prices, possibilities of deliverance and prices on heat and power to choose between the different fuels.

As an example on the flexibility the following three typical examples are possible:

It is assumed 6500 hours full load per year and both gas turbines running.

1. Max use of natural gas

2. Reduced use of natural gas. 300000 t wood pellets and 150000 t straw

3. Min use of natural gas. Heavy fuel oil, 300000 t wood pellets and 150000 t straw and natural gas to gas turbines.
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Figure 7 shows the different distributions of the fuel. It can be seen that fossile fuels still contributes to the main part of the fuel consumption.

Conclusions:
Avedøre Unit 2 is a new CHP plant using the best available techniques. This means very high fuel flexibility, high efficiency and with best available good environmental data.

The CHP plant can burn Natural gas, Heavy fuel oil and biomass as straw and wood pellets.

Avedøre Unit 2 can supply heat and power to consumers in the Copenhagen using the cheapest and environmentally optimal fuel from the mix of straw, wood pellets, natural gas and fuel oil.
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Døgn forbrug

Gennemsnit

AVV2 Wood pellets burned in December 2003



2003

		Træpiller til Avedøreværket																		Fordeling af leverancer

		Mængder

																		2003

						Jan		Feb		Mar		Apr		Maj		Jun		Jul		Aug		Sep		Okt		Nov		Dec		I alt

		Land		Firma		Ton		Ton		Ton		Ton		Ton		Ton		Ton		Ton		Ton		Ton		Ton		Ton		Ton

		Norge/Estland		SSP		1,344		2,261		0		3,644		1,847		5,861		3,650		3,699		2,568		0		0		2,526		27,401

		Litauen		Baltic Wood UaB,     Piller		0		0		0		0		0		0		2,240		0		0		2,647		0		2,404		7,291

				Kiks		18		0		0		0		0		0		0		0		0		0		0		0		18

		Canada, øst		Fulghum Fibrefuels		0		0		0		0		0		0		0		0		0		0		0		0		0

		Rusland		Price Wise		0		0		0		0		0		0		0		0		0		0		0		0		0

		Polen		TK-Træpiller		0		0		0		0		0		0		0		1,912		0		0		0		1,605		3,516

		Canada, vest		Trinav Shipping Ltd.		0		0		0		0		0		0		0		0		0		0		0		0		0

		Letland		Gaujas Granulas		0		0		0		0		0		0		0		0		0		2,686		3,031		2,673		8,390

		Spotkøb		EnergiDanmark		0		30		5,275		0		0		0		0		0		0		0		0		0		5,305

				EnergiRanders		0				0		0		0		3,559		3,413		0		0		3,223		3,165		7,915		21,275

				VAPO Oy		0		0		0		0		0		0		0		0		0		0		0		3,799		3,799

		Import		I alt		1,362		2,291		5,275		3,644		1,847		9,420		9,303		5,611		2,568		8,556		6,196		20,920		76,994

		Egenproduktion		Brændsel 06.11.2003		0		0		0		0		0		0		0		0		0		0		0		0		0

				Lager i Køge		0		0		0		0		0		0		0		0		0		0		0		0

		Leverancer fra Køge				0		0		0		0		0		0		0		0		0		0		0		0		0

		Leverancer til AVV2		I alt		1,362		2,291		5,275		3,644		1,847		9,420		9,303		5,611		2,568		8,556		6,196		20,920		76,994

		Lager primo				19,142		20,504		22,795		28,070		26,048		19,790		25,451		34,754		40,365		37,023		36,367		28,708

		Tilførsler				1,362		2,291		5,275		3,644		1,847		9,420		9,303		5,611		2,568		8,556		6,196		20,920		76,994

		Forbrug				0		0		0		5,666		8,105		3,759		0		0		5,910		9,212		13,855		38,951		85,458

		Lager, ultimo				20,504		22,795		28,070		26,048		19,790		25,451		34,754		40,365		37,023		36,367		28,708		10,678





Opkørt til silo

		Mængde træpiller opkørt til silo										Mængde træpiller opkørt til silo

		2003		Okt		Nov		Dec				2004		Jan		Feb		Mar		Apr		Maj		Jun

		1				1,035		981				1		1,478

		2				968		2,033				2		2,188

		3				812		825				3		1,721

		4				885		1,975				4		2,327

		5				1,127		883				5

		6				1,151		1,947				6

		7				1,048		1,410				7

		8				1,335		1,348				8

		9				1,011		0				9

		10				727		0				10

		11				0		1,282				11

		12				0		0				12

		13				1,147		688				13

		14				600		0				14

		15				752		1,115				15

		16				919		1,374				16

		17				368		1,368				17

		18				373		1,547				18

		19				673		1,706				19

		20				1,162		1,697				20

		21				539		2,062				21

		22		6,790		0		2,061				22

		23				0		1,368				23

		24				0		2,071				24

		25				0		1,948				25

		26				0		2,041				26

		27				0		1,811				27

		28				0		1,738				28

		29				369		1,853				29				-

		30		599		1,642		1,734				30				-

		31		1,319		-		384				31				-				-				-

		Sum		8,707		18,643		41,248				Sum		7,714

		pr. dag				621		1,331						1,929





Opkørt til silo

		1035.04		621.4402

		968.071		621.4402

		811.507		621.4402

		884.64		621.4402

		1127.17		621.4402

		1150.99		621.4402

		1048.05		621.4402

		1334.84		621.4402

		1011.25		621.4402

		727.155		621.4402

		0		621.4402

		0		621.4402

		1147.23		621.4402

		599.904		621.4402

		751.838		621.4402

		919.397		621.4402

		367.985		621.4402

		373.312		621.4402

		672.901		621.4402

		1162.28		621.4402

		538.956		621.4402

		0		621.4402

		0		621.4402

		0		621.4402

		0		621.4402

		0		621.4402

		0		621.4402

		0		621.4402

		368.57		621.4402

		1642.12		621.4402

		0
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Gennemsnit

AVV2 træpiller opkørt til silo
Januar 2004



		Træpiller til Avedøreværket																						Fordeling af leverancer

		Mængder																2004

						Jan		Feb		Mar		Apr		Maj		Jun		Jul		Aug		Sep		Okt		Nov		Dec		I alt

		Land		Firma		Ton		Ton		Ton		Ton		Ton		Ton		Ton		Ton		Ton		Ton		Ton		Ton		Ton

		Norge/Estland		SSP		2,500		0		0		0		0		0		0		0		0		0		0		0		2,500

		Litauen		Baltic Wood UaB,     Piller		2,500		2,500		2,500		2,500		2,500		0		0		0		0		0		0		0		12,500

				Kiks		0		0		0		0		0		0		0		0		0		0		0		0		0

		Polen		TK-Træpiller		2,000		1,800		1,800		0		0		0		0		0		0		0		0		0		5,600

		Canada, vest		Trinav Shipping Ltd.		3,700		0		3,700		3,700		3,700		0		3,700		0		3,700		0		0		0		22,200

		Letland		Gaujas Granulas		6,000		2,000		2,000		2,000		2,000		2,000		2,000		2,000		2,000		0		0		0		22,000

				EnergiRanders		3,000		0		3,000		3,000		0		0		0		0		0		0		0		0		9,000

				Spotkøb		0		0		0		0		0		0		0		0		0		0		0		0		0

		Import		I alt		19,700		6,300		13,000		11,200		8,200		2,000		5,700		2,000		5,700		0		0		0		73,800

		Egenproduktion		Brændsel 06.11.2003		1,000		2,889		4,778		6,667		8,556		10,444		0		12,333		14,222		16,111		18,000		18,000		113,000

				Lager i Køge		1,000		3,889		0		0		0		10,444		10,444		14,500		5,000		0		0		0

		Leverancer fra Køge				0		-0		8,667		6,667		8,556		0		0		8,277		23,722		21,111		18,000		18,000		113,000

		Leverancer til AVV2		I alt		19,700		6,300		21,667		17,867		16,756		2,000		5,700		10,277		29,422		21,111		18,000		18,000		186,800

		Lager primo				10,879		30,579		26,879		8,546		-8,587		8,168		10,169		15,869		26,146		12,568		-9,321		-26,321

		Tilførsler				19,700		6,300		21,667		17,867		16,756		2,000		5,700		10,277		29,422		21,111		18,000		18,000		186,800

		Forbrug				0		10,000		40,000		35,000		0		0		0		0		43,000		43,000		35,000		0		206,000

		Lager, ultimo				30,579		26,879		8,546		-8,587		8,168		10,169		15,869		26,146		12,568		-9,321		-26,321		-8,321






