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Publishable Executive Summary

Project CHEUBIO is a specific support action within the European Commission Sixth
Framework Programme. It is a two year duration project that startedritbeve2006,

with completion end of October -fi2ingpPdsver and
generation market opportunities to enhance the EU biomass sector through international
cooper at i o nTheroverahobj€chve is @ determine and bish the basis by

which Europe might assist China to establisHidng of coal and biomass for power
generation in China. This approach offers very significant potential for the mitigation of
greenhouse gas G@missions through a reduction of coal uséhe power generation

sector.

A well-established consortium was established, comprising EU and Chinese
organisations, namel£A Environmental Projects Limited (UK), Aston University

(UK), VTT Processes (Finland), Exergia (Greece), European BiomaesiAssn
(Belgium), China Electricity Council (China), Tsinghua University (China), Energy
Research Institute of Henan Province (China). These paxtioeked together to gather
data on the sources and availability of biomass/biogenic wastes in Chirrajidete
various concepts for the €oing of such renewable energy materials with coal in the
various types of Chinese coal fired plants; carry out te@mamomic, socieeconomic

and environmental assessments of these concepts; and consider the ptlicyomas

and regulatory impacts. They have then determined the commercial attractiveness of
introducing cefiring into the Chinese power sector. From these assessments and
evaluations, the realistic market potential to introduce sudiring technologyhas been
determined. Linked to this has been an assessment of CDM possibilities for the EU
power sector. These findings have been disseminated extensively to EU and Chinese
stakeholders. This has been followed by further initiatives with the European
Comnission and the Chinese Government to establish cooperative opportunities, from
which the basis for technology demonstrations and subsequent deployment in China can
be initiated.
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1 INTRODUCTION

This project, acronym CHEUBIO, is a specific support action within the European

Commission Sixth Framework Programme. It is a two year duration project that started

November 2006, with completion end of October 2008, and concansthd e ve |l o p me nt

of co-firing power generation market opportunities to enhance the EU biomass sector

t hrough international cooperation with China

1.1 Background

Previous work, supported by the European Commission during the Fifth Framework
Programme, imestigated the market prospects for introducing EU biomass technology
for smallscale power generation applications in China. This country was chosen since
the potential for biomass utilisation is very significant and as such the scope for Europe
to make a impact for the international introduction of sustainable energy technologies is
significant. The work was completed successfully, with excellertCBiha cooperation,

and was very well regarded by the Commission, the Chinese Government and EU
industry. Various companies, with access to EU technology, are involved in a number of
cooperation agreements in China leading to the establishment of biomass fired power
generation systems.

This specific support action within the Sixth Framework Programme hahtitiie

earlier achievement and taken the concept further to consider-tmgngaf biomass

and/or biogenic wastes within coal fired power station boilers in China. This offers the
prospect of a very significant takg of carbon neutral fuels to repéaa proportion of

the massive coal burn while the possibility of gaining CDM credits is a further attractive
incentive for EU countries to meet some of their required greenhouse emissions reduction
targets.

Co-firing of biomass and/or biogenic waste withal is a means to establish the use of
certain organic materials at significant scale through the partial substitution of coal in
utility scale boilers. In general terms there are four approaches. The biomass/biogenic
wastes can be premixed with the caatl fired into the boiler through the existing coal
burners. The second option is to feed the biomass/biogenic wastes via a separate feed
system. A more sophisticated approach is to close couple a gasifier to tfieechbal

boiler. This can be fuelled witthe renewable fuel sources to produce a gas that can be
fired into the boiler, either with or without a gas cleaning stage depending on the quality
and characteristics of the biomass/biogenic wastes. The fourth option is to remotely
couple a pyrolysis press, whereby a liquid product can be produced from various
renewable feedstocks at various locations for subsequent transportation and firing into the
boiler. These approaches differ in their complexity and their capital /operating costs with
the more expnsive systems showing benefits in terms of greater flexibility and more
scope for emissions control.

In Europe, increasingly, efiring is seen as a means to ensure relatively large scale
utilisation of biomass/biogenic waste since, in principle, sucapgroach allows a
significant quantity of renewable feedstock to be utilised in a way that the various
operational problems that can occur when biomass/biogenic wastes are used singly in



smaller scale equipment can be minimised. There are also vanvgatgles obligations
and incentives designed to encourage the uptake of biomass usage. That said, there
remain many issues to be addressed regarding the impact of different types and
proportions of biomass on the overall power plant efficiency and aJayatbihich will
influence the economic attractiveness of the process. For example, where dineicg co
Is involved, since biomass/biogenic waste has a lower calorific value than coal this
approach will lead to a d&ting of the boiler capacity. Thisnitation does not apply to
the more complex céiring options. However, in some of these cases (e.g. the close
coupled gasifier), the limitation will be the economic availability of the renewable energy
source. Generally, in Europe, the range of accepiailitilisation, from both technical
and economic considerations, is abouit08%o.

In China, such cdiring applications are yet to be established. Indeed, the increased
demand for power to support the growth in the Chinese economy is being met primarily
through increased introduction of cdeied power plant, adding to overall carbon dioxide
levels. With the increasing urgency on a global basis, to meet Kyoto targets,-carbon
dioxide-neutral fuels, such as biomass and biogenic wastes, have a potsigrfigant

role to play in helping to stabilise levels of greenhouse gases, while also offering the
prospect of CDM credits.

The main biomass materials available in China include straw and, to a lesser extent, rice
husks together with a wide range ofi@t crop residues plus wood waste. A major issue

is the collection and processing of such agricultural wastes, which in many instances can
be quite widely dispersed. This limits the amount of waste that can be cost effectively
substituted for coal in a efiring application. As noted above, in Europe the typical limit

is about 510% of the coal feed. In China, since the economic factors will be different,
that proportion may be different.

With regard to the possible introduction of such biomass and/oeiiogvaste materials

for co-use with coal, it is also necessary to consider the size and type of
boiler/combustion system (particularly with regard to the feedstock handling and feeding
systems and any potential availability problems arising from comiustiated

problems associated with particular types of biomass and waste), the geographical
variance and the environmental/economic drivers that might encourage tiksebion

for power production.

In summary, when céiring options are considered gife are several key complementary
issues arising within China and Europe, with the relative influence of such issues
depending on the level of industrialisation in each country, the biomass and wastes
availability, types of coal fired power plant, the leeEémarket economy established

within the power sector, environmental considerations, the institutional/regulatory
situation and soci@conomic considerations. This specific support action seeks to

address all of these issues in a rigorous manner in tiratethe EU might assist China to
establish the basis for mitigation of greenhouse gas emissions through the introduction of
co-firing of renewable fuels within the power sector.



1.2 Aims and objectives

The overall objective of this specific support actisid determine and establish the basis
by which Europe might assist China to establistimog of coal and biomass for power
generation in China. This approach offers very significant potential for the mitigation of
greenhouse gas G@missions through eduction of coal use in the power generation
sector.

1.3 Project partners

The project was undertaken by a wedtablished consortium that comprised EU and
Chinese organisations, naméBA Environmental Projects Limited (UK), Aston
University (UK), VTT Pocesses (Finland), Exergia (Greece), European Biomass
Association (Belgium), China Electricity Council (China), Tsinghua University (China),
and the Energy Research Institute of Henan Province (China). The key individuals
involved from each organisationealisted in Annex A.

1.40utline of work programme

These partnernsorked together to gather data on the sources and availability of
biomass/biogenic wastes in China; determine various concepts for-finmgof such
renewable energy materials with coathe various types of Chinese coal fired plants;

carry out techneconomic, socieconomic and environmental assessments of these
concepts; and consider the policy, institutional and regulatory impacts. They then
determined the commercial attractivenesgwwrbducing cefiring into the Chinese power
sector. From these assessments and evaluations, the realistic market potential to introduce
such cefiring technology was determined. Linked to this has been an assessment of
CDM possibilities for the EU powesector. These findings have been disseminated
extensively to EU and Chinese stakeholders. Further details of the programme are given
in Annex B. This has been followed by further initiatives with the European Commission
and the Chinese Government to essdiblurther cooperative opportunities, from which

the basis for technology demonstrations and subsequent deployment in China can be
initiated.

The key results arising are summarised in the subsequent sections of this report. A list of
the project reportthat contain the full data together with the appropriate contact points
within the project team are given in Annex C.

2 POLICIES FOR THE PROMOTION OF BIOMASS RELATED POWER
GENERATION IN CHINA

2.1 Policy issues

The use of biomass for power generatioregarded as a renewable €@, neutral

energy activity. However, policies to supppawer generationsing biomass are needed

as the relevant technologies are rather new, some of them not yet commercially mature,
and the costs and problems associated eadllection transportation, prereatment, and
storage of biomassan be significant.

China has only a few years historylmdmass power generationith an emphasis on
small plants firing straw. In recent years, the Chinese goverrimstdaken sigrficant



decisions and measures for environmental praecénergy efficiency and promotion of
renewable energsourcesAccording to theProgramming of Renewable Energy
Development in Medium and Long Tedm pencentage of renewable energy
consumptiorin total energygonsumptiorwill reach 10% by 2010 and 16% by 2020
respectivelyThe legal basis for the promotion of renewable energy, including biomass,
is the dédLaw on Renewabl e En e ragdyts sabkequetite Pe o pl
regulations, with came intdorce on 1 January 2008his Law encourages asdipports
power generation by renewable energy. It provides for priority access to the grid of
renewableelectricity, establishes a mechanism for faetariffs/subsidies for renewable
electriaty and foresees for tax and other financial incentives. Regulations associated with
this law define technical, institutional and organisational issues, including the
responsibilities and obligations of power generation and power grid enterprises.

The reévant laws and regulations ensure that all electricity generated by biiredss

power plants is sold to the grid, while tax for importing equipment and value added tax
(VAT) are exempted. An allowance of 0.25 RMB/kWh is provided for electricity
generatedy biomass (in addition to the normal selling price of electricity produced by

coal fired plants). However, the allowance is only available for the power plants in which
the boiler heat input from biomass is equal to 80% or more of the total heat ihgutinT
effect, excludes cdiring projects from receiving the incentives since such projects

normally use less than 25% biomass in the total heat input due to technical and economic
reasons. This restrictive policy has been applied as the Chinese tamkfidénce that

they can establish a transparent and reliable monitoring and auditing system to ensure
that the quantities of biomass consumption declared by the power plants are actually used
for power generation.

Consequently, at present,-iang of biomass and coal for power generation is not being
undertaken by Chinese industry. That said, the potential benefits of cofiring are
recognised and there is an ongoing development of policy at government level to
determinghe best way to amend the polgiguch that cofiring can be established within
China.This very important issue is considered further in the subsequent section.

2.2 The Kyoto Protocol Clean Development Mechanism

The Kyoto Protocol introduced 3 market mechanisms, namely:

e InternationaEmissions Trading (IET) (Article 17 of the Protocol)

e Joint Implementation (JI) (Article 6 of the Protocol)

e Clean Development Mechanism (CDM) (Article 12 of the Protocol)

The first two mechanisms (IET and JlI) refer to Parties with commitments under the
Kyoto Protocol (Annex B countries of the Protocol), i.e. industrialized countries that have
accepted targets for limiting or reducing emissiongreénhouse gq&HG). Under IET,
industrialized countrieare allowed to meet their commitments by buying atithge

excess emissions credits among themselves. By creating a financial value for emissions
credits it is anticipated that market forces will provide a cash incentive for governments
and industry to switch to cleaner fuels and industrial processes, iaghggnissions

targets and moving towards sustainable developndepermits industrialized countries



to cooperatively implement projects, which will reduce greenhouse gas emissions. The
investor from one country would receive emissions credits equag @mlount of

emissions that were reduced or avoided as a result of the project. The recipient country
(host Partywould receive new technology and kndwaw.

The goal of the CDM is to promote sustainable development in developing countries,
such as Chindt does this by supporting a country with an emission reduction or
limitation commitment under the Kyoto Protocol (Annex B Party) to implement an
emission reduction project in a developing country, such as China, that does not have
emission reduction orrhitation commitments. Such projects can earn emission credits,
which can be used by Annex B countries to meet their Kyoto targets.

Since the Government of China passed the Interim Regulations for CDM in June 2004,
and with the entry into force of the KywProtocol and oigoing support from donor
countries in capacity building measures, China has seen a surge in CDM activity. China
is already the top destination for global foreign direct investment as it has huge potential
for mitigating greenhouse gasesall sectors.

The Designated National Authority (DNA) for CDM activities is tiational
Development and Reform Commission (NDRC). The National CDM Board of China
consists of the NDRC and various Ministries and institutions including the Ministry of
Sceence and Technology, the Ministry of Foreign Affairs, the State Environmental
Protection Administration, the China Meteorological Administration, the Ministry of
Finance and the Ministry of Agriculture.

The priority areas for CDM projects in China include

e Energy efficiency improvement,

e Development and utilization of new and renewable energy, and
e Methane recovery and utilization.

By September 2008 more than 1550 CDM projects had been approved\iyRit& the

DNA of China. The vast majority of the appralvprojects are in the area of Renewables
and Energy Efficiency. Thestimatedannual aerage GHG Reduction (tG€@Yy) from a

project varies from 5.5 thousand t&&0y to about 3 million tCee/y. Of the 1550

approved projectsabout 270 had been registeadhe CDM Executive Board. The total
estimated annual CERs of the registered projects are about 116.2 million toneés CO

i.e. about 52% of the total estimated annual CERs of CDM projects registered worldwide.

3 BARRIERS TO ESTABLISHING COFIRING IN CHINA

China is keen to encourage use of biomass and tfigraproute is seen as an important
part of that process, not least since it offissinct technical and economic advantages
over the small 100% biomass dirdited units that are starting to beaslished.The key
barriers to development of biomass power generation (applicable to both, the pure
biomass power plants and thefied plants) include:



e Absence omature and suitable technologycluding bckof standard for
engineering and operatiamanagement of biomaéselled boilers

e Lack of experience witfuel management systenm power plantsincludingthe
gathering, transportation and storage of bionaassindustrial scaleAgriculture
andforest residuearegreatlydispersd and thei collection and handling constitutes
a major problem.

e Technical problems associated with the largeatemin characteristic$or the
different types obiomass that could be supplied tp@verplant in China.

o Still a lack of clarity regarding unifaomly applied system across Chifwa grid
connectionloan and financingnechanismstax reductiorandelectricity selling price
allowance for biomasduelled power plants.

That said, the major obstacle to development efirany applications with 125%
biomass input is that they are not recognised as biomass power projects (for the share of
biomass utilisation in the plant) and do not benefit from any electricity price incentives..

Consequently, in order for that potential to be realised, theredsdto establish a

framework such that efiring can compete within the power generation sector. The

Chinese governmeiaind various electric utilities are nasgeking to address a number of

issues. These include the need:

e To determine the best use of imgitural residues in view of several options being
available (which also applies to the direct fired units)

e To ensure a sustainable supply of waste biomass fuel to {firingo(and direct
firing) end users

e To establish a reliable monitoring and verifioa methodology suitable for China
such that there is a transparent means to determine the proportion of bio+figes$ co
in coal based power plants. This is directly linked to the enhancednféadffs
available for biomass or pdsiomass based powgeneration.

e To establish appropriate policies and financial incentive schemes to support the
deployment of cdiring

Resolution of the latter two issues is deemed critical if cofiring is to be established in
China as a viable, sustainable carbon mitigatechnique. The work of this project
including detaileddiscussion®n policy initiatives in Europe and a study tour to Europe
for various Government linked officialbas helped to take forward these deliberations
(see also Section 8).

4 BIOMASS AVAILABILITY AND DISTRIBUTION IN CHINA

China currently has 120 million hectares of cultivated land and 11.3 million hectares of
forest area, although there is continuous pressure on land availability due to industrial
expansion. An investigation undertakemlhgn this project by Tsinghua University and

the Energy Research Institute of Henan Province showed that the annual biomass energy
resources in China include over 300 million tonnes of crops straw, over 130 million
tonnes of the residues from crop peesing, 140 million tonnes of three types of forestry
residues, more than 100 million tonnes of firewood, 70 million tonnes of abandoned

1C



wooden goods and fruit tree branches, as well as 50 million tonnes of organic material
arising from the sorting of Muaipal Solid Waste. All these biomass energy resources
total in excess 0790 million tonnes, with a cumulative calorific value of over
1.172x16°Joule, which is equivalent to sos80 million tonnes of coal
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Figure 1 Distribution of straw produced per unit area of territory in 2004

The distribution of biomass resources such as straw, forestry residues and forest biomass
has a strong regional feature, as shown in Figures 1, 2 and 3. Thus there is a very high
straw resource density, in excess of 2Qthas per square km, within each of Henan,
Jiangsu, Shandong, Anhui and Hebei Provinces. At the same time, in Yunnan, Guangxi,
Hunan, Jiangxi and Fujian Provinces, each produces annually more than 9 million tonnes
of forest residueg-orests cover mainly ¢hnortheast and southwest regions of China

with the largest ones in Tibet and Sichuan Province followed by Yunnan Province and
Heilongjiang Province.

In principle, based just on biomass availability, there is significant potential for
introducing biomasso-firing into the coal fired power generation sector in China,

terms of cost effectiveness and energy efficiency, it is far more attractive to burn biomass
in an existing coal fired power plant since the capital investment would be much lower
while the overall conversion efficiency to electricity would be much higher than in a
purpose built biomass only fired power plafhe overall environmental impact would be
dependent on the emissions control systems in place to contioN&Qand dust

pollutans although cofiring would decrease these levels prior to the use of such systems.
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The more favoured locations for cofiring of crop straws could be in HerebeiH

Shandong, Jilin, Jiangsu and Anhui Provinces while, for cofiring of forestry residues, the
more promising locations could be Heilongjiang, Yunnan, Jiangxi, Fujian and Guangxi
ProvincesHowever it is also necessary to consider biomass typaaitdbility, taking

into account existing uses such as animal fodder, feedstock for some biogas digestion
units and in some cases in direct fired biomass power plants. There is also a critical need
to consider the distance betweenficmg power plants in ordelo avoid excess

competition for the biomass supply. For example, in the central and north part of Jiangsu
Province, there are already too many small direct fired biomass only power plants, which
were built due to the availability of an-tthought out lgal incentive scheme. This led to
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excessive competition for biomass supplies, leading to massive rises in biomass supply
costs, with damaging effects on the local economy as many of the power plants went
bankrupt.

5 OVERVIEW OF COAL FIRED POWER PLANTS IN CHINA

The Chinese economy continues to develop at a significant rate. Since 1990, it has
achieved an average annual growth rate of 10% and is now the fourth largest economy in
the world. Increasing amounts of electricity are needed to support this gngoustrial

growth and between 1990 and 2004, generation capacity increased more than threefold.
Subsequently there were further increases in the rate of power plant capacity
introduction, up to 13% year on year, most of which has been coal based. Byoahd

total installed power generation capacity reached 713GWe, of which some 546GWe were
coal fired plants (nearly 76% of the total) with hydro providing 145GWe (close to 20%),
natural gas ~10GWe (~2%), nuclear 10GWe (~2%) and wind 2GWe (0.3%). In terms o
actual power generated, over 80% was from coal fired plant, due to seasonal limitations
with the hydro units (Global Power Review 2007).

For the future, the rate of increase is expected to ease, perhaps falling to 7% year on year
by 2020. However, ahat time, capacity is likely to have reached at least 1200GWe, with
coal fired units still providing over 70% of the total (Reuters 2008). The Chinese
Government policy for the introduction of future coal fired plants is that the mix will
comprise a verymgat majority of PCC units, with the balance being circulating fluidised

bed combustion (CFBC) systems, the latter being required for the utilisation of low grade
coals and waste material in minemouth applications.

The need to improve overall coal firedwer generation efficiency is seen as critical. In
2003, the National Development and Reform Commission (NDRC) approved
supercritical (SC) and ultrsupercritical (USC) PCC plants as the most appropriate way
forward for largescale power generation. Cogsently there was a subsequent trend
towards new larger PCC units of higher efficiencies, together with the introduction of
high quality emissions control systems such as high efficiency ESPs and FGD. These
units have also had to meet the required NOx g€oms standards, which have generally
required the installation of some form of deNOx control system.

As a further reinforcement of the need for larger units with ever higher steam
temperatures and pressures, from the start of th&ive Year Plan, tt NDRC declared

that all new PCC plants, except those for CHP applications, must be 600MWe and above
with supercritical/ultra supercritical steam parameters. By 2010, it is expected that the
overall coal fired plant capacity will include some 150GWe witthsadvanced steam
conditions. At the same time, increasingly, there is a significant trend for the construction
of 2000MWe individual units, with plans to introduce 1200MWe units.

For this project, with its start date of 2006, the most comprehensiaadaitable were

to end 2005. At that time, the total installed power generation capacity was some
509GWe, of which 81.5% comprised cdiaéd power plants with an annual coal use of
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over 1.1 billion tonnes of codfor the thermal power plants at the ef@00, almost all

of which are coal fired, a detailed breakdown in terms of size is given in Table 1. This
indicates that at end 2005 some 58% of power plant capacity was sized at or below
300MWe with subcritical steam conditions. However, in accordasitethe various

State edicts, outline above, the newer plants that are now being brought on line are larger
(600-900 MWeand1000 MWe unitswith supercritical and ultra supercritical steam
parameters. Consequently this distribution is starting to chexmdgle proportion of

these smaller units is starting to decrease although they will still continue to represent a
significant part of the national capacity for the near to medium term future.

Table 1 Capacity ofinstalled thermal power units at end 20®

MWe | 100 110 115 120 125 130 135 140 145

No. 137 16 2 2 156 1 99 20 8

MWe | 150 155 160 165 167 200 210 220 225

No. 15 3 2 2 2 191 10 21 4

MWe | 250 300 310 315 320 330 350 360 362.5

No. 2 266 2 4 14 3 49 6 2

MWe | 385 500 600 650 660 700 800 900 Total

No. 2 8 59 3 7 2 2 2 1174

NB. There are also some 4000 units with a total capacity of 60GWe where the
individual unit size is less than 100MWe but these are in the process of being closed
down.

An overview of the installed thermal power generatiapacity on a geographical basis

is given in Table 2The provinces with the highest total installed electricity generation
capacity are Shandong, Guangdong, Jiangsu, Zhejiang and Hebei.
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Table 2 Installedthermal capacity on a geographical basis at end006

Area and Province Number of units/(GWe)
NORTH (TOTAL) 346/83.8
Beijing City 18/2.9
Tianjing City 19/5.7
Hebei Province 67/18.0
Shanxi Province 72/18.6
Inner MongoligMid west) 52/13.4
Shandong 116/25.2
NORTHEAST 131/28.3
Liaoning Province 51/11.9
Jilin Province 29/4.8
Helongjiang Province 42/8.3
Inner Mongolia(East) 9/3.3
EAST CHINA (TOTAL) 258/68.1
Shanghai City 28/8.7
Jiangsu Province 115/28.6
Zejiang Province 47/13.0
Anhui Province 43/10.0
Fujian Province 25/7.8
CENTRAL CHINA (TOTAL) 205/44.9
Henan Province 87/18.1
Hubei Province 30/7.5
Hunan Province 23/5.8
Jiangxi Province 28/5.7
Sichuan Province 27/5.1
ChongqingCity 10/2.8
SOUTH (TOTAL) 148/34.3
GuangdondProvince 65/17.1
GuangxiProvince 18/3.7
Yunnan Proince 19/3.9
Guizhou Province 42/9.1
HainanProvince 4/0.5
Xizang Autonomous Region 0.03
NORTHWEST (TOTAL) 88/18.8
Shanxoi Province 30/7.5
Ganshu Province 23/4.6
Qinghai Province 5/0.6
Ningxia 15/3.9
Xinjiang 15/2.1
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6 THE POWER PLANT CASE STUDIES

Studies of three coal fired power plants were undertaken, covering both PCC and CFBC
systems

6.1 General information and assumptions

The economic assessment was undertaken, based on:
e Capital cost estimates

Production cost estimates

Income estimates

Economic evaluation

Sensitivity analysis.

The data necessary for carrying out the teebt@nomic assessments was gathered
through visits and discussions with senior personnel at each of the power plants. These
included:

Gross and net electricity generatio

Coal consumption

Limestone consumption

Electricity price

Coal price

Limestone price

A number of assumptions were built in to the economic evaluation in each case:
e Only the additional biomass €wing element was evaluated, not the plant as a
whole, ie. profitability was incremental.

The lifetime of the bioenergy plant was ten years.

The construction period of the bioenergy plant was one year.

The loan repayment period of the bioenergy plant was 10 years.

The generating power efficiency decreased by4dl.

The assessments were conducted before taxes.

In particular, the income from bioelectricity was assumed to derive from the
bioelectricity production subsidy (0.214 RMB/kWh) and not from the standard coal
electricity price. As discussed above, this doeatsreflect the current situation but does
reflect the position that will need to be achieved if cofiring is to be introduced on a viable
basis in to China. At the same time, the savings from the decrease in coal consumption
and limestone consumption, wheachieved, were included in the income. Ash

production was assumed to remain the same but ash composition could change and this
might preclude use, resulting in the loss of a potential income and the possible
introduction of disposal costs.

The base caswas defined for 50% equity 50% loan financing with biomass cost of 300
RMB/ton as received. Sensitivity analyses were subsequently undertaken.
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For the economic evaluation, the following criteria were applied:

e Net Present Value (NPV) and Internal Rat&eturn (IRR) (or Discounted Cash

Flow rate of return) have been used for measurement of financial performance.

A target rate of return of 10% has been used throughout.

Payback times on both a cash flow and NPV basis are included.

Breakeven bieelectricityprices are calculated to give NPV=0.

Breakeven bieelectricity production levels (%) are calculated to give NPV=0.
Breakeven biomass costs with assumed zero bioelectricity subsidy are calculated to
give NPV=0.

Certain assumptions were made with regarthéosupply and processing of biomass

since biomass supply chains are not yet established in China, and the large variety of
crops and the differences in weather and geography between regions make it harder to
establish such systems compared to OECD cmsntFor the small biomass direct fired
power plants, certain collection systems have been established, with individual farmers
supplying their straw to a central collection point where it is baled then transported to the
storage area at the plant. Genlgrdhe organisation responsible to the power plant for
supply of the straw takes out options on straw supply from the farmers such that they
could contract for about 20% more straw than the plant needs.

In general, biomass transportation has to bedidiib a 50 km radius around the plant

site in terms of cost effectiveness. As a result the amount of biomass that can
economically replace coal in a-fioing plant is restricted by the availability of biomass
within that 50 km radius. Similarly the sizéabiomassdired application is controlled by

the biomass availability within the 50 km radius. Therefore the collection and
transportation of widely dispersed agricultural residues is a major issue that needs to be
addressed for any application. For tstigdy, the radius was set at 20km since there were
extensive quantities of biomass close to all three power plants examined in the study.

In all three case studies, agricultural straws have been identified as the most widely

available biomass type aradithe plant and therefore potential feedstock fefirdag.

However, the technical approach for strawficmg is dependent upon the form of straw

delivered to the plant (i.e. pellets, loose, chopped or baled straw). The two that were

considered feasiblender current arrangements in China are:

e Straw harvested with balers (round or square bales) and delivered as bales to the
power plant

e Straw harvested and delivered as loose material to the power plant (crusher at the
plant)

In particular, the first optin has been applied successfully in Denmark for several years
and so there is considerable operating experience and costs information on which to draw
for the studies.

For each case study, limits were placed on the proportion of straw to be cofiredba$his
done to minimise the potential problems with chlofii@sed corrosion on boiler surfaces,
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and slagging and fouling, which can occur when too high shares of biomass materials like
straw are cdired. In this way any limitations in the efficiency and éaaility of the
boiler, as well as any additional maintenance cost, can be minimised.

6.2 Case study 1: 200MWe PC boiler

The DaTang ShoangShan Power Plant pulverised coal power plant is located in Luo
Yang city of Henan Provingdmigure 4 It consiss 0of2x200MWe units built in 1987/88,

for which the turbines were improved in 1992; 2x300MWe units that were brought into
operation in 1995/96; and there are plans to build 2x600MWe units. Boiler efficiency is
90% for units 1 and 2 (220 MWe) and 91% fortsi3 and 4 (300 MWe). In line with
company policy, various cost and energy saving measures have been introduced,
including low volatile coal burners, a software system fotia efficiency optimisation
and a steam driven feedater pump.

For this smdtmediumsize PCC boiler, it was assumed that the generating power
efficiency of the cefiring unit will decrease by 1.5% due to the conversion. The internal
electricity consumption will remain at the same level as before the conversion (7.56%)
i.e. handlng, milling and feeding of biomass to the boiler will require approximately the
same energy consumption as the corresponding coal that repllsmesdue to the

decreased consumption of coal, the limestone quantity required for desulphurisation will
decrase by about 10% i.e. by 4,000 nes'year.

Figure 4 ShouYang-Shan Power Plant
The guantities of biomass resources available as fuel within a 20 km radius from the
plant, which can be supplied either as bales or as loose material, are presentéeldn Ta

Table 3 Biomass resources in a 20 km radius around Shevang-Shan power plant

Biomass Quantity (ton/y)
Wheat straw 370,000
Corn stover 320,000
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