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1. Preface

1.1 The impending need for a biomass energy developmertadmap

There exist varieties of biomass energy technotogiih imbalanced application status in
China. Currently, some biomass technologies haee developed maturely in the market such as
biogas, that can be economically competitive, corsiralty developed, and applied in large scale,
while other technologies are in the early stageoofimercial applications, that need subsidies and
other financial incentives to encourage them inntagket. These include biomass power, biomass
pallet fuel, biofuels from non-grain feedstock, .efthere are also many emerging biomass
technologies which are at R&D and demonstratiomgestand are expected to develop into
industrial and commercial applications, such aslogioal ethanol fuel from cellulose and
biodiesel from oil plants.

Due to the differences in terms of technology mgturdevelopment stage, market
competitiveness, and future perspectives of themwabiomass technologies, so the obstacles can
be different, the needed incentives also varys Hn important task for any country to study and
design a biomass energy development roadmap toeemaplementation of a nation’s biomass
energy development objectives.

The biomass energy development roadmap shall iachgbessment of various biomass
technology status and objectives, development pfagzhes in biomass technology research and
development, pilot projects, demonstration, andiegjion promotions, and identify supporting
incentives in techniques and regulations.

Biomass development roadmaps have been developedaby nations in order to ensure
development targets. For example, the US BiomassgiirResearch and Development Technical
Advisory Committee launched the US Biomass Energghmology Development Roadmap in
December 2001 to advise the Secretary of EnergythferUS biomass energy and biomass
products long-term objectives. By this roadmap,ateisory committee identifies future biomass
technology development for the US department of@negriculture, interior, environment, and
National Science Foundation, and the US Technagbadjgy office.

The European Union 2003 Biofuel Promotion Ordinapagposed biofuel 2020 target. The
2005 issued Biomass Energy Action Plan coveredngpoehensive biomass energy development
application plans for biomass power, biomass theragplications, and transport biofuel
technologies. In 2006, the EU announced the BioDeslelopment Strategies. These legislations
played significant part in promoting biomass apmtlizns in EU member nations.

In the long-term plan for renewable energy develepnissued by the government of China
in 2007, targets have been defined for the devedoprof wind, solar, and biomass energy by
2020. However arguments exist on whether the defitaggets are achievable and how to
accomplish these objectives. At the same time, usecdhere are many varieties of biomass
resources and technologies with different develogratatus, technological maturity, and existing
obstacles, and without thorough study on biomasbn@ogy roadmap, it can be difficult for
central administration to make a detailed plan technology R&D program, for industrial
development strategy, and for focal project plaoriifcal technologies.

1.2 Tasks of the study

Purpose of this study will be (a) proposing a gyst& indicators for assessing biomass
technologies, (b) using quantitative method to camapdifferent biomass technologies and their
development status, (c) identify the priority teglugies, development approaches, and economic
performance for biomass energy from various ressustich as agricultural residues, livestock
waste, life garbage, and biofuels, and (d) prompdirtture biomass technology development
roadmap for 2015 and 2020.
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The study will focus on developing a biomass enedgyelopment roadmap through
scientific and quantitative method. The study tdeas designed a system of biomass technology
assessment indicators and applied the system ttuadwaeach potential technology in a
guantitative way. Based on the evaluation, a bient@shnology development roadmap has been
proposed.

Since the national biomass development objectimdgargets have been defined. No further
research and scenario analysis are needed. Howkeerstudy will focus on some critical
guestions on in what critical measures to enswengtional targets to be fulfilled? What should a
development roadmap be appropriate for China?

1.3 Innovation points of the study

1.3.1 New research methodology

The project team developed an innovative study auttogy for the biomass technology
development roadmap.

Biomass energy industry in China is still at itsywearly stage. Assessment of a biomass
technology is based only on its technical and esvadevel, lack of systematic comparative
analysis on multiple technical processes. Meanwlbilee to the proliferation of many biomass
technologies with different maturity and applicaso it is difficult to compare among them.
Therefore, comparison of biomass technology bendfitresources, social and environmental
aspects is usually qualitative without a quantiat@ssessment indicator system. So far, most of
the studies on biomass technology development rapdire qualitative in nature.

The methodology used in this study includes thiodohg three important components: (1)
development of an indicator system for evaluatimmgmass technologies; (2) quantification of the
evaluation indicators; (3) using the evaluationtesys on the biomass technologies. The study
designed a system of biomass technology evaluatinators. By quantifying and applying the
evaluation indicators, the biomass roadmap is ssudind proposed in a systematic and
guantitative method.

The biomass energy comprehensive evaluation iralicyistem developed in this study is a
multiple criteria system covering technology, eaogpresource, environment, and social factors
into nine categories. Quantification of the indarat allows not only computation of external
economic benefit of each technology, but also dtaive evaluation of future development
perspectives. This makes possible the systematicpamtive analyses of different biomass
application technologies.

1.3.2 Quantitative assessment criteria

In the study, quantification of evaluation indic®tas based on support of large datasets,
while the quantification is the most challengingl afso spot-light task.

The task of quantification of the evaluation indara will include following aspects:

Firstly, design of a quantitative system of evatrasystem. Generally, evaluation indicators
of biomass energy shall include two groups: teabgiobl strength and overall benefits. The
overall benefits are evaluated by capital investnoeist and external benefits (including energy
benefit, environmental benefit, and social benefitat can be ranked by computational points,
while technology strength can be assessed by thraer indicators: technology maturity,
technical obstacles, and intellectual property triglvnership so that future biomass technology
development strength can be evaluated by rankirthoddn order to identify stage-wise ranks of

2
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the biomass energy technologies.

Secondly, the indicators are quantifies by weigsteres, and quantitative standards, so that final
scores can reflect future development strengthpafricular biomass technology.

Quantitative scores of each biomass technologyeasduated at three temporal points:
current, 2015, and 2020. These quantitative asssgsnmeed large number of basic data sets.
These include fundamental data on typical biomagdiGtion cases, understanding on current
and future biomass technologies, which become ba$esvaluation indicators and their
guantification.

In this study, 14 biomass technologies are analyzetl quantitative evaluated, including
five agricultural and forestry residues for enefdiyect firing, co-firing, gasification, pellet fue
and pellet charcoal), two livestock waste for epefig-grid biogas power and off-grid biogas
power generation), tow garbage for energy technefodincineration and fill gas power
generation), and five liquid biofuel technologidésofuel ethanol from non-grain, ethanol from
sugar plants, ethanol from cellulose feedstockdibiel from waste oil, and biodiesel from oil
plants). The current status, development by 20162820 are analyzed quantitatively for the 14
biomass technologies on their investment, costrggnkenefit, social benefit, and environment
benefit. At the same time, development potentifleazh biomass technology are evaluated by
scores. This allows systematic comparison withthegpe of biomass resources.

1.3.3 Assessment method used

To complete the quantitative analysis and desigh®toadmap, applying a solid evaluation
system is critical. This means that by utilizing throposed comprehensive evaluation indicator
system for the 14 biomass technologies, it isaaitio design a roadmap based on the evaluation
results.

First of all, biomass resource availability will hee most important indicator for the
evaluation, as biomass technologies shall not ctenipethe market unless they utilize the same
type of biomass resources. Therefore, the evaluatfdiomass technologies is resource based.
Future development potential of biomass technotogiging a kind of resource are scored and
ranked to achieve more reasonable and practicalpaoson result. In the study, biomass
resources are classified into four categoriescatiural and forestry residues, livestock wasfe, li
garbage, and resources for biofuels.

Biomass technologies for the same resource categeryvaluated and compared for the
development potential and comprehensive benefase8 on the technology development trends,
technical obstacles and corresponding measuraffeaedt stage are identified. It is shown from
the study result that under appropriate measuredyibmass technologies under different resource
categories can be technologically mature by 2020 aan meet the demand of biomass energy
targets. To determine the scale and priority ofriaies technology development, it depends not
only on technologically maturity, but also on maagpects of economy, energy, and social
contributions of each biomass technology. The cetmpnsive benefit evaluation can produce
clarified quantitative conclusion and developmerggestions.
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2. Biomass energy required for China social developmén
2.1 Necessity for development renewable energy techngies

2.1.1 Requirement for reforming China’s energy structure

Over the recent past years, China’s economy desdbgi by consuming increasingly more
energy products. In 2008, China consumed 2.8%obhilice of the primary energy products. It is
estimated that by 2010, the annual energy consomptill be 3 billion tce. This means that
within the next 6 years, 1 billion more tce will bensumed. To fulfill the objective that GDP by
2020 will be doubled based on the value in the @&40; China is expecting a new economy
boom period. By transference of international maotufring capacity into China and the
urbanization process, China’s economy will depemdenon energy supply. The energy issue will
become a critical “bottle neck” constraint for econic and social development and life quality
improvement in the country. Based on a prelimirangjection, by 2020, China’s national energy
consumption will be up to 4-4.8 billion tce.

The sharp increase in energy demand makes Chieatdagher challenges in the energy
supply. To ensure a stable, cost-effective, claaa, secure energy supply will be an important
task for a sustainable development in China. Comweal energy resources are scarce in China,
especially lack of oil and natural gas resourcdss as become a critical factor affecting the
social and economic growth. Since 1993, China le®rine an oil importer. By 2008, China’s
50% oil consumption depends on import. While stteeging both conventional energy
exploitation and energy saving campaigns, it wid brgent to reform the current energy
consumption structure into a multiple energy sosia@d clean energy approach.

2.1.2 Need for environmental protection and GHG emissiomeduction

Relying significantly on coal, China is the largesal producer and consumer country in the
world. This implies that China faces more challenge pollution control and green house gas
emission than other countries. According to thésties, 90% of the SO2 emission is due to coal
combustion, which has become major air pollutashghat one third of China’s land is polluted
by acid rains. The serious environmental pollutimid air quality problems have severely affected
China’s social and economic development and thmedtepeople’s health. A better energy
production system with reduced pollutant dischdrge become a must if China wants to be a
sustainable economy.

The global climate change has been a threat fgueaples. It has been a common interest
for the international community to take measuresud the green house gas emission and face
the challenges of climate change and slow downinifsact on earth. Many nations have
committed to reduce their GHG emissions at diffetevels.

As a fast growing developing country, China is $keond largest CO2 emitter country only
after the US, while its economic growth rate becenie fastest in the world. Although without
committing the specific obligations in the GHG esivs control, China as a responsible member
of the international community is liable to reduteCO2 emission. Furthermore, along with the
world political and economic development trend, ghis willing to take its responsibilities
according to the global contribution liabilitiesh@refore, China will face more and more
international challenges in the global climate c&nn the mean time, China itself must look at
domestic requirement of pollution control, enviramh protection, and sustainable development.
Without taking an active role, the climate changsues will even become one of the large
uncertain factors for China’s future economic depatent.

The government of China attaches great importanceoping with the global climate
change. The China National Action Plan for Clim@teange was issued in 2007. By the beginning

4
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of 2009, China’s per unit GDP energy consumptios teuced by 13% compared with that in

2005. It is expected the energy use per GDP wdlice by 20% by 2010. On November 26, 2009,
Chinese government announced its objectives irralinty green house gases by determining that
by 2020 China’s per GDP emission shall reduce B%-46% based on the level in 2005. This

demonstrated the government’s determination aridrecin fighting with the climate change and

created a positive international image in emissiomtrol.

According to the international best practice, inying energy efficiency and developing
renewable energy will be two of the most effectimeasures. China has committed development
of renewable energy technologies as important maadgal with global warming and emission
reduction. According to its long-term renewable rggedevelopment plan, China expects to
reduce 15-20% of green house gas emission by &iingpurces by 2020.

2.2 Importance of developing biomass energy technologie

2.2.1 Biomass contribution in the renewable energy produn

China is a biomass resource rich country with ¥arié biomass applications for electricity,
biogas, liquid biofuel, and solid fuels.

In 2009, China applied a total of 259 million tderenewable energy. Without hydropower,
a total of 48.08 million tce renewable energy puduhave been produced, including 18.47
million tce from biomass energy, or 38.4% of nomhtoyrenewable sources. The applications of
biomass energy were only after solar thermal amdrfare than wind power production (9.29
million tce). Biomass energy has become an impogart of renewable energy applications.

Table 2-1 Installed capacity of renewable energ3(a9

Coal
Technologies Potential Annual equivalen
production
(10'tce)
I. Power generation 227.18GW 661.674 bkwh
Hydropower 196.79GW 615.64 bkwh 21054.8
In-grid wind power 25.80GW 26.9 billion kWI919.9
150MW
Off network small wind power 274 million kWh 9.4
(25 systems)
Solar PV 300MW 360 million kwh12.3
Biomass power 4.12GW 18.4 billion kWBE88.8
Geothermal power 250MW 100 million kwjs.2
II. Biogas 13 billion m2 928.2
[ll. Thermal applications
Solar water heaters 145 million m2 1740
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Solar stove 330 stoves 75.9

Geothermal applications 40 million m2 |80 mGJ 200
V. Biofuels

Pellet biomass fuel 1.75 million tons 82.5

Vehicle ethanol fuel 1.72 million tons 176.3

Biodiesel 500 thousand tops 71.5
Total 25862.8
Rcli rc]:;)Lrj\;cTr]istliJ(';(re]s to the primary energy 8.34%
Biomass applied in non-hydro RE 38.40%

Looking ahead, biomass energy development is ainstt by resource. The biomass market
shall be smaller than that of wind power and sefergy. However, due to the characteristics of
biomass resources, biomass technologies will beaomggiely important that draws great
attention in the world

2.2.2 Practical need for waste reuse

Reuse of garbage and waste for biogas will effettiveduce methane emission while
provide energy. In fact, methane contributes 1@simmore than CO2 to the green house effect.

Energy plantation can provide energy supply whilectively increase carbon sinks.

2.2.3 Requirement for alternative liquid fuels

Among many renewable and alternative energy teclgied, biomass energy is currently
only energy product that can substitute liquid @ewm fuel.

2.2.4 Requirement for peak adjustment

Biomass is the only renewable energy that humaartefican be involved in the entire
process of collection, storage, transport, andggneansformation. Biomass power stations (CHP)
can provide electricity for power network peak atijpent while wind power and solar PV must
be provided with peak adjustment systems.

a)
b)
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2.2.5 Direct benefits to rural residents

Firstly, biomass energy applications can provid@legyment opportunities for local farmers
and increase farmers’ income. Development biomamwsgyg will facilitate longer agriculture
production chain and develop new industries inlraraas. The industry will help more income
for local farmers and support more advanced adurilsector in the same time. According to
estimation, a 25MW biomass fuel generation turlsiystem can produce electricity of 130 million
kilowatts each year if running 6000 hours. It cannhillions Yuan value added. Over 1000 jobs
can be provided for local farmers in straw coll@atitransportation, and processing. This will be
very important for local economy in terms of sotyirural labors, increasing local government
income, driving local industry and service sectmproving rural economy, and upgrade China’s
agriculture sector competitiveness in the end.

Secondly, biomass development can effectively awwifield fire of crop straws, livestock
waste discharge, and environment pollution by waséter and waste gas emission to the
atmosphere, soil, and water bodies. While biomassurces can be non-harm processed for
energy, it can help better rural environment amgghéi life quality for rural residents.

Thirdly, breath system disorder is a kind of fregudisease for rural women, which is
considered correlative with habit of using strawcasking fuel in China’s rural areas. Biomass
technologies can help provide clean energy ancelargeduce the use of crop straw firing.
Cleaner in-house environment will reduce the dseases

2.2.6 Demand by the new rural development program

Currently rural area is the weakest in China’'s aloeind economic development, with
backward infrastructures and slow farmer incomemio Biomass resources are mainly from
agriculture and forestry. Therefore, developmenbioimass energy will contribute to the rural
development.

In terms of energy supply, due to the lagged ifuature development, about 7 million
rural residents still has no electricity acces€Imna that make them far from modern life style. In
addition, about 70% of rural energy sources withedfrom crop straws and fire woods, with very
low energy efficiency. On the other hand, biomassources are very abundant in the country
areas. Application of the biomass resources cap élelctric power supply at the remote rural
areas. Fully use of the local biomass energy ressuwill provide rural residents with clean
energy and improve their life quality.

For environmental benefits, biomass development applications will improve rural
productivity and life quality, and contribute to amergy saving and environmentally friendly
social development. Through making use of the presly abandoned agricultural and forestry
residues for energy by collecting and processiegésources, straw and livestock waste pollution
can be effectively resolved and rural environmegm e significantly improved. Meanwhile,
application of the agricultural biomass will proguarge amount of organic fertilizers. The more
organic fertilizers can in turn improve soil orgemi and reduce usage of chemical fertilizers and
pesticide.

While looking at social benefits, biomass developtweill promote rural industry and small
township development, which will help smaller gagtvizeen urban and rural life standard.

By conclusion, development of biomass energy wdltilftate increased farmer’s job
opportunities and income, improved environmentuced disease, and improved rural life quality.
It will also help improved rural energy supply. Withe significant environmental and social
benefits, biomass energy sector development irl awea will become an effective and practical
approach for promoting the modern agriculture amdlrdevelopment program through biomass
industry driving force.
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2.3 Defined targets of biomass energy development

According to current research results by the B, dtudy defined biomass energy target by
2015 and 2020. By 2015, produced biomass for ersrglf be totaled 51.79 million tons and 119
million tons by 2020, which include installed biossapower capacity of 34.50GW, biogas of
112.7 billion m3, biomass pellet fuel of 30 milliaans, and liquid biofuel of 12 million tons.
Development targets for each biomass technolodybeibs the following table 1-3.

Table 2-2 Biomass product development targets fh 10

2015 2020
Technologies . | Energy equivalent . | Energy equivalent

Capacity ?1)/0“tge) Capacity ?1)/0“tge)

Biomass power (TBW) 1449 3192 3450 7494
From crop straws 675 1445 1618 3405

From biogas 407 882 1025 2193

From municipal solid waste 367 865 807 1896
Biofuel gas (18m3) 163 1127 288 1635
Straw gasification 37 137 150 549

Biogas| 126 990 138 1087

Biomass pellet fuel (Tfons) 600 300 3000 1500
Liquid biofuel (10tons) 500 560 1200 1304
Fuel ethanol 350 365 1000 1043

biodiesel 150 195 200 261
Tota 5179 11933

To fulfill the above targets, 78.36 million tonsateequivalent biomass resources will be
consumed by 2015 and 17.901 billion tce by 2020wbfch crop and forest residues will
contribute to 50% of the total biomass resources. detailed resource data, please see the
following table 2-3.

Table 2-3 Development objectives for biomass ressir

2015 2020
Resources Biomass Coal equivalent|  Biomass Coal equivalent
(10%) (10'tce) (10') (10'tce)
Agro-forestry residues 7299 3337 21313 9743
Livestock waste 63000 1980 115200 3621
Municipal solid waste 13760 1966 22816 3259
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Feedstock for fuel ethanol 355 1012
Aged grain 525 156 525 156
Cassava 770 115 980 146
Sweet sorghum 1280 83 10880 709
Biodiesel 198 266
From waste oil and 154 193
180 225
greas

From woody oil plant 120 44 200 73
Total 7836 17901

2.3.1 Targets for agricultural and forestry residues forenergy

In 2008, a total of 700MW crop residue biomass pogeneration capacity has been
installed, which provided 200 million m3 biogas2 nillion tons of pellet fuel, substituted 2.08
million tce fossil fuel and consumed a total of®r8illion tons of crop residues in rural area.

Table 2-4 Rural crop residues for energy in 2008

Energy produced
Technologies Capacit Resource used (1)
(10%ce)
Electricity (LOkW) 70 148 593
Co-firing 3 6 20
Direct firing 62 130 519
Gasification 5 11 46
Carbonization 1 1 9
Fuel gas (1fm3) 12 0.4 203
Gasification 6 0.1 35
Carbonization 6 0.3 169
Pellet biomass fuel (ff) 120 60 138
Total 202 208 935

It is expected that by 2015, the crop straw forgynéechnology will consume 72.44 million
tons per year and utilize 209 million tons straarbass by 2020.

Crop and forestry residues for energy technologielside power generation, gasification for
fuel gas, and pellet biomass fuel. Of them, powaregation from straw biomass will still be a
popular technology for consuming straws in Chirra'sal areas by 2015 and 2020, which will
produce energy of 14.55 million tce and 34.05 orilice respectively, or accounting for 76.77%

and 62.44% of this biomass technology by 2015 &20)2
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Table2-5 Targets of straw biomass technologies and resalemand

2015 2020
Technologies Capacit pfgfdgzd Resource |Capag¢ ;Q;Jggd Resource
y used (16) | ity used (16)
(10°tce) (10%tce)
Electricity generation(1&W)| 675 1445 5674 1618 3405 13995
Co-firing 250 525 1800 667 1360 4800
Direct firing 250 525 2100 250 510 2100
Gasification 154 350 1400 61% 1360 5600
Carbonization 21 45 374 86 175 1495
Fuel gas (1fm3) 37 137 861 150 549 3443
Gasification 9 16 51 37 63 203
Carbonization 28 122 810 113 486 3240
Pellet biomass fuel (£) 600 300 690 3000 1500 3450
Total 1882 7224 5454 20888

2.3.2 Development objectives of livestock waste for eneyg

By the end of 2008, 12 billion m3 or 8.65 milliocetbiogas have been applied including
home biogas digesters. Installed livestock farngésopower generation capacity has been 31MW
producing energy of 70,000 tons coal equivalent.

By 2015, total applications of livestock waste farergy will be expected to exceed 630
million tons per year. The annual capacity willlb&52 billion tons by 2020.

Looking at livestock waste biomass technologiesygrogeneration and biogas fuel are two
of major applications, including in-grid and offigibiogas power generation. By 2015, biogas for
fuel will be applied more than for power generati@®.85% of biogas will be applied for
electricity and become main applications of livektwaste biomass technology by 2020.

Table 2-6 Livestock waste biomass technologieseldgment objectives and resource demand

2015 2020
Technologies Capacity plrzgdel;ggc Resource |Capacity plrzgdel;ggc Resource
(10°kwW) (10'tce) used (16) |(10°kw) (10'tce) used (16)
Power from biogas (fRW)| 252 882 31500 645 2193 80625
In-grid biogas power 101 353 12600 387 1316 48375
Off-grid biogas power 151 529 18900 258 877 32250
Biogas for fuel (1&m3) 126 990 31500 138 1087 34575
In-grid 50 396 12600 83 652 20745

10
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Off-grid 76 594 18900 55 435 13830
Total 1872 63000 3280 115200

2.3.3 Development objectives of municipal solid waste

In 2008, 1.09 million kilowatts of municipal solidaste power generation capacity has been
installed which included capacity of incineratio®@ million kilowatts and landfill gas generation
30MW2, substituting a total of 2.63 million tce &iduels.

It is expected that by 2015, total applicationsrafnicipal solid waste biomass for energy
will exceed 138 million tons per year. The annwdaxity will be 228 million tons by 2020.

Municipal solid waste biomass technologies are pdicineration and landfill gas power
generation and garbage incineration power generatith become the dominated technology in
future municipal solid waste application. By 20#iGineration power generation will contribute
to 97.17% of total municipal solid waste capacltige percentage will become 98.92% by 2020,
which will produce 18.96 million tce each year.

Table 2-7 Municipal solid waste targets and reseuiemand

2015 2020
Technologies |Capacitygnergy produced Resource [Capacityenergy producedResource
(10°kwW) (10'tce) used (16) [(10°kw) (10%ce) |used (16)
Landfill gas power 7 25 5760 6 19 4416
Incineration power 240 840 8000 552 1877 18400
Total 247 865 13760 558 1896 22816

2.3.4 Biofuel development objectives

In the year of 2008, China produced a total of Inillion tons of biological fuel ethanol and
0.4 million tons of biodiesel, substituted 2.3 mifl tce of fossil fuel.

Table 2-8 Biofuel applications in 2008

Capacity Energy produced Resource
Technologies
(10°kwW) (10'tce) used (16)
Fuel ethanol 171 178 /
From aged grajn 150 156 525
From Cassaya 20 21 140
From sweet sorghym 1 1 16
From cellulose 0 0 0
Biodiesel 40 51 /
From wasted alil 40 51 60
From oil plants 0 0 0

11
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Total / 230 /

It is expected that by 2015, 5 million tons of biefs will be produced annually. The
production will be 12 million tons by 2020 with neothan 80% of fuel ethanol in China.

The fuel ethanol produced will be mainly from agg@in, cassava, sweet sorghum, and
small amount from crop straws. By 2020, sweet samglwill become main feedstock for fuel
ethanol with 108.8 million resources will be consahnwhile biodiesel will mainly be from waste
oil and oil plant. By 2020 waste oil and greasé bél the major feedstock for biodiesel production
with 2.25 million tons of waste oil consumed eaelry

Table 2-9 Biofuel targets and resource demand

2015 2020
Technologies |CapacitjfEnergy producedResourcelCapacitfEnergy producedResource
(10°kW) (10'%ce) |used (16) [(10°kwW) (10'tce) |used (16r)
Fuel ethanol 350 365 2650 1000 1043 12610
From aged grajn 150 156 525 150 156 525
From Cassava 110 115 770 140 146 980
From sweet sorghum 80 83 1280 680 709 10880
From cellulose 10 10 75 30 31 225
Biodiesel 150 195 300 200 261 425
From wasted ail 120 154 180 150 193 225
From oil plants 30 41 120 50 68 200
Tota| 500 560 1200 1304

12
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3. Methodology for comprehensive assessment

Currently, biomass utilization industry in China ssll at early stage. Assessment of a
biomass technology is based only on its technical aconomic level, lack of systematic
comparative analysis on multiple technical procesktanwhile, due to the proliferation of many
biomass technologies with different maturity angblegations, it is difficult to compare among
them. Therefore, comparison of biomass technolognefits in resources, social and
environmental aspects is usually qualitative witrenguantitative assessment indicator system. So
far, most of the studies on biomass technology ldeweent roadmap are qualitative in nature. For
the purpose of biomass roadmap study, a ratiosalsament based on large amount of basic data
can be very important for the overall biomass tetbgy evaluation in order to develop a
scientific biomass technology development roadmap.

3.1 The assessment methodology

In this study, an overall and comprehensive assasissystem is developed with designed
criteria in terms of resource potential, technoldgnd and overall benefit. Based on thorough
theoretical analysis supported be solid basic datare biomass technology development and
their overall benefits will be quantitatively anagg.

3.1.1 Special feature of the methodology

The biomass development roadmap is analyzed by @s@omprehensive assessment criteria
system. The assessment methodology has the foliostiaracteristics:

(1) Resource priority

From the following figure 3-1 of summary biomasshteologies, biomass can be utilized by
multiple technologies and using diversified resesrcas well as producing different biomass
energy products. It is difficult to compare theheaologies under a single indicator due to their
diversity in technologies. Furthermore, technolegising different biomass resources may not be
competing each other in the market. Therefore, dbmprehensive assessment of biomass
technologies must be resource specific so thatrdutdevelopment potential of biomass
technologies using the same type of resource cawobgpared and ranked practically. For
different biomass technologies, future developnubjectives will be determined based on their
resource potentials.
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Thermal Chem S IR R B AR
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Figure 3-1  Biomass utilization technologies
(2) Multi-criteria quantitative assessment

The biomass technology comprehensive assessméhisistudy will be a multiple criteria
systematic assessment. The assessment criteria coiér technical, economic, resource,
environmental, and social factors into nine categorThe criteria are quantified based on large
amount practical data and analytical methods. Tuentification of the assessment criteria will
not only include economic and external returns,aish technological development in the future.
The assessment results are resource specific. foheréhe technical assessment result scores will
describe biomass future development in a quaniitatiay.

3.1.2 Study scope

Since there are diversified biomass technologiemesrepresentative biomass utilization
technologies are selected to reflect future bionsesslopment in China. The selected biomass
technologies are further classified based on tiesiources, including technologies of agricultural
and forestry residues, livestock waste for enemynicipal solid waste for energy, and biofdels
The selected biomass technologies to be analysesbanmarized in the following table 2-1.

Table 3-1 Summarized biomass technologies

Resources Crop residues Livestock wasteMunicipal  solid Liquid Biofuel
waste
Technologieg Direct combustionBiogas  powerl Power generation Non-grain ethanol
. in-grid by incineration
Gasification Ethanol from sugar
generation Biogas powe | Landfill gas power | feedstock
- off-grid
Co-firing Ethanol from
generation cellulose
Biomass pellef Biodiesel from waste
fuel oil
Charcoal pellet Biodiesel from oil
plant seeds

3.2 Criteria system for the comprehensive assessment

The proposed criteria system for comprehensivesassent of biomass technologies can be
classified into two categories, i.e. technologyalegment potential and overall benefit. Criteria in
each category are further broken down into detailditators. The two categories of assessment
criteria have relatively independent ranking metland score computation, with total scores of
100 points. Through rankings of the two categooietechnology assessment, final scores of both
technology potential and benefit can be obtainedintticate market trends of a biomass
technology application and its overall benefit. diting to the scores, technology rankings are
given for the temporal horizon at 2008, 2015, ad2i(2

Steps of defining the criteria system are summdrazefollows:
® Design of classified criteria
® Give weights of the classified criteria in eachegairy

® Break down design of detailed assessment indicators

! Liquid biofuel technologies are not classifiecoimesources.
14
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® Determine quantitative standards for each indicator
® Determine score of each detailed indicator

According to the above definition and quantificationethod, a criteria system for the
biomass technology assessment is obtained aslibwifg figure 2-2.
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Figure 3-2 A framework of criteria system for asseg biomass technologies

The above criteria system is designed based on data from large number of typical biomass
energy cases. The criteria system considers current status and future development of biomass
technologies and development. In particular,

® Three sub-criteria have been identified for biom@shnology development
trend: maturity, impact of technical obstacles, #B ownership. Biomass technology
development trends are evaluated by the proposesti@rand give scores and final
rankings in temporal stages.

® Benefit assessment will be on investment cost aterral return, based on
typical cases of technological applications. Datamf the biomass cases will be
computed to obtain projection of economic cost amtérnal return of each biomass
utilization technology. Possible and priority bicseatechnologies are identified
according to the trend assessment.

In later sections, detailed quantification of aideand evaluation methods will be presented.
3.3 Assessment of technology trends

3.3.1 Steps of the assessment

The assessment of technology trends will includantjtative evaluation of the three
categories of criteria about technology maturitypact of obstacles, and IPR ownership:

15
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Sep 1: Design of classified criteria

Design of technology trend criteria will considexchnological aspects of future biomass
technology development with detailed indicatorgically affecting future biomass technology
development.

Step 2: Determine weights of the classified criteria in each category

As critical factors affecting future biomass teclogy development, impact of the indicators
can be varying. Based on expert evaluation andipahgrojects, maximum weight values of the
criteria are determined to represent the impac¢herbiomass technology in the future.

Sep 3: Determine quantitative level standards for each indicator

Leveled criteria for the technology trends are deieed by descriptive information plus
scores of each level. The maximum score is theieigiue, zero score at the minimum level.

Sep 4: Scoring

Each biomass technology to be assessment will beegcaccording each of the detailed
criteria of three categories. Sum of the categoores shall indicate future biomass technology
development trend and the final score will be usecompare technologies for the same resource
to identify priority at certain temporal stage.

3.3.2 Quantification method of criteria

The three categories of criteria for assessing agmtechnology development trends will be
used qualitatively and quantitatively. Qualitatimeethod is used to analyze the criteria and
guantitative method is used to assign score to keseh Levels of each category of criteria are as
follows:

1. Technology maturity

The technology maturity criterion is used to indécandustrial progress of a biomass
technology, which is defined according to differemdturing stage. The following chart identified
six progress stages during a biomass technologyela@ng into industrial application.
Technology maturity will be assessed accordindn¢ostages and scored for each stage.

R&D and Viarket Tech service m
demonstr : system
ation promotion established

2. Impact of technological obstacles

The criterion for technological obstacle impacthie future biomass applications is measured
as indifferent, affecting project efficiency andstdmpacting on system integration, and affecting
applications. Each level of impact will be givendifferent score.

3. IPR ownership

The IPR ownership is an indicator for domestic gmiees to master critical technologies.
The criterion is measured into three levels: fudlyn the IPR, imported critical technology or
partial ownership, and completely imported withtRR ownership.

3.3.3 Assigning scores
Table 3-2 shows the scores given for different netdgy development status. The highest

16
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score of each category criterion is the weight @allbtal score of 100 is composed by maturity
40%, impact of obstacles 40%, and IPR ownership.20%

Table 3-2 Criteria and weight scores of technolvggd assessment

Major criteria Levels Scores
Maturity Mature technology 40
Technology system formed 32
Market promotion 24
Demonstration 16
Research & Development 8
Basic theory research 0
Technology obstacleé No sensitive technology obstacle 40
overcome Affecting system efficiency and cost 25
Affecting technology integration 15
Affecting applications 0
IPR ownership Fully owned 20
Critical technology import 10
(or partial IPR)
Completely imported 0
Total score 100

3.4 Benefit assessment

3.4.1 Assessment steps

The assessment of benefit of a biomass technoldgynalude quantitative evaluation of its
investment cost and external returns. Data souncéhé assessment come from large number of
biomass project cases. The assessment stepsachiliia

Sep 1: Design of classified criteria

Design of benefit criteria will consider most contienal technical and economic indicators
as well as external benefit criteria. These cateniist be able to quantified and supported by basic
datasets.

Sep 2: Determine weights of the classified criteria in each category

Currently investment cost analysis is based on eotwnal cost-effective evaluation to
compute project investment and unit capacity désternal benefits can be analyzed by several
guantitative indicators such as employment oppdias) emission reduction, substituted energy,
etc.

Sep 3: Determine quantitative level standards for each indicator
Benefit assessment involves multiple benefits hidécal economy, social, environmental,

17
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and energy contributions. Based on expert input prattical project investigation, criteria
weights are determined for leveled indicators irscdibe impact of biomass technology
development.

Step 4: Scoring

Each biomass technology to be assessed will bedemcording each of the detailed criteria
of comprehensive benefits. Sum of the categoryescehall indicate future biomass technology
development benefits and the final score will bedut compare technologies for its multiple
benefits at certain temporal stage.

3.4.2 Investment cost analysis
1. Basic data

Investment cost analysis of a biomass technologiaised out following national standard
financial evaluation method. Basic data come frausteng biomass technology cases as indicated
in the following table 3-3.

Table 3-3 Data sets required for technology investncoast analysis

Category | Major indicators Unit Remarks

Investment | Project scale Installed capacity
for power generation
technology and

annual production
for other biomass

technology
Fixed asset invested 1BMB In cases of typical
biomass projects
Of which percentage of equipment %
Loan percentage %
Flowing capital 16RMB/year
Interest rate %
Duration of loan Year
Cost Raw material cost: at-gate price Yuan/ton
Material energy value kcal/kg
Sales price Yuan/ton
Job as before material enter | person
plant
Other material cost: water price Yuan/m3
Water consumption 403/year
Power price Yuan/kWh

Electricity consumption fowh/year
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Price of other energy products Yuan/ton
Consumption of other energy 10't/year
products
Human resource cost: number of people person
Average salary Pouan/year
Welfare index %
Other cost 107 uan/year
Maintenance cost ratio %
Other costs 1Yuanlyear
Cost for depreciation: duration of depreciation  ryea
Remain value %

In the investment cost analysis, attention willdaéd to biomass technology investment cost
variation at certain future years, with major iredars as follows:

® Productivity variation
® Fixed asset investment variation
® Employment salary variation

2. Computation of the indicators

Cost analysis for biomass technology investmenblires three major indicators: unit
capacity investment, unit cost, and cost comparéd eonventional energy. Their computational
formulas are:

Fixed assesst invstment+interst during project duration

Unit investment = —
Project size

fuel cost+financial cost+human cost+maintenance cost+depreciation cost+other cost

Unit cost =

Annual production

biomass technology unit cost-conventional energy unit cost

TEChI’lOlOgy costratio= Biomass technology unit cost

3.4.3 Assessment of external benefits

Assessment of external benefits of a biomass tdogponeans the quantitative assessment
of social benefit, environment benefit, and endsgpefit contributed by the technology. Specific
computation of the benefits will be based on dataenfcost analysis, into four indicators: energy
substitution, CO2 emission reduction, number of lestpent, and farmer income, computed by
the following formulas:

Project total production*unite energy substitution

Energy substitution= Consumed total energy by the project
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. . Project total production*unit CO2 emission reduction
CO2 emission reduction=— 2

Total energy consumed by the project

employment of material preparation+in-plant employment
number of employment="—— Prep £ e

Total material consumed by the project

Total material consumed*Material sales price

Farmer income

Employment for material preparation

3.4.4 Assessment of comprehensive benefits

The comprehensive assessment of biomass techndleggfits is conducted through
computation of each major indicator and summatibrthe sub-scores of the indicators. Final
score of a biomass technology comprehensive beisebbtained, based on the same type of
biomass resource used. Specific assessment matdeddribed in the following:

(1) Define the impact of each indicator on biomdsselopment. Table 3-4 gives neither
positive nor negative contribution of the impaabskve contribution of an indicator means the
higher indicator value will contribute more on biass development while the negative
contribution refers that the indicator will produgefavorable impact on the biomass applications.

(2) Compare the indicator values for each biomrassurce technologies and rank them
according to their contribution. The highest sdsr&00 and minimum of zero, while other scores
mean the gap between the maximum score and thenonimi

(3) Weighted sum of the scores will be the firare of comprehensive benefit evaluation.

Scores are calculated according to the followingntdas:

(1) Positive contribution indicator:

\ max indicator—technology indicator
Indicator score = ——e=oures &Y

100

MaXpazguree INdicator—ming. .5y pee Indicator
(2) Negative indicator:

Indicator score =x 1009%

According to the above method, each indicator oérgvbiomass technology will be
computed. Apart from investment cost analysis amtkéreal benefit assessment indicators;
resource collection difficulties are also assedgethe benefit assessment to indicate resource
obtainability of each technology. Weights and dbwuiiion of each indicator is summarized in the
following 3-4.

Table 3-4 Criteria of comprehensive benefit asseasm

Indicators Quantification of the indicators | Contribution| Weight

Difficulty in resource collection Project size (104t material/project)] Negative 10%
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Cost-effectiveness Production cost Negative 35
Social benefit Employment (personsD4t material)]  Positive 15%
Farmer income (Yuan/person) Positive 20
Environmental benefit ton CO2/ton material Positiv| 15%
Energy benefit tce/ton material Positive 59
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4. Biomass resource potential analysis

4.1 Status of biomass resources

There are varieties of biomass energy resourcds mitltiple application technologies. In
terms of sources, biomass energy can be classifiedwo major categories. The first category of
biomass resource comes from agricultural produdias household such as crop residues, forest
residues, municipal solid waste, and industriabaig waste. The other biomass resource category
is from human planted biomass sources such as yenengps, energy forest, and alga
microorganism that can be utilized for biomassdu@lrganic waste water in the industrial process
must be processed to protect environment. It is memtessarily for purpose of energy. Alga
microorganism for energy is still at lab researzgs. It has not been utilized in the energy market
Therefore, it can be one of potential energy saurtais study will focus mainly on crop straws,
livestock waste, forestry biomass, municipal soldste, and energy plantation as biomass
resources, without special attention to the indalstrganic waste and alga microorganism.

Considering biomass resources, obtainability, cdmgauses, and utilization for energy, the
following table summarized biomass resources aadahility for energy in the year 2008.

Table 4-1 Biomass resource and obtainability in00

Total available Available energy
_ biomass Obtainability ¢
Biomass sources resources (1Ctce)
(1C%tons)
(1Ctons)

Agro-forestry residues 11.86 5.00 2.47
Livestock waste 17.78 10.67 0.38
Municipal solid waste 1.54 1.54 0.22
Liquid biofuels / / 0.03
Total 3.09

4.1.1 Crop residues

Agricultural biomass resources in China are maanbp straws as well as rice husks, corn
cores, and bagasse from food processing. Accotdiragriculture production, crop straw uses,
and residues form agricultural product processing, estimated that in 2008, there were about
816 million tons of crop biomass resources, of WH89 million tons can be used for energy,
including 133 million tons for rural household fuaid 210 million tons left unused. Uses of the
crop residues are estimated in the following tdbk

Table 4-2 Crop residue resources, availability asek in 2008

Uses of crop residugs Total resources (£6) Percentage (%)
Stubble left in field 1.33 16.3
Fertilizers 1.02 125
Feedstuff 2.11 25.9
Fuel 1.29 15.8
Industrial material 0.16 2.0
Other uses 0.15 1.8
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Left unused 2.1 25.7

total 8.16 100.0

w B

m B
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m

= TokA

= HAh
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0.15
0.16

R0 AL

Table 4-1 Crop residue uses

4.1.2 Forestry waste

Forest residues may include harvesting and woodegsing residues, forest management
cuttings and small branches, shrub cutting, econtorgst, bamboo forest, under tree shrubs,
municipal green forest cutting, etc. According teeport by China forest biomass study project,
the biomass resources and availability in 200&ammarized as the following table 4-3.

Table 4-3 Forest biomass resources and availafblitgnergy in 2008

Sources Estimated resources(L0| Availability for energy (16)
Harvesting residues 13100 2600
Processing residues 2900 2900

Shrub management 4200 2500

Other sources 10000 1500

Total 36800 16100

4.1.3 Livestock waste

Livestock wastes refer to all the animal excretitmos livestock farming, which are animal
conversion from feedstuff (grain, crop residues grass) to dejecta, urines and underlay mix. The
livestock farm waste can be estimated accordingutober of animals, types, weights and each
animal’'s excrement. According to animal farmingayf, cattle, horse, donkey, camel, sheep, and
poultry farms and by considering the livestock wasises, collection conditions, and
environmental protection requirement for the lieekt waste processing, it is estimated about
1.778 billion tons of livestock waste resources arailable in China. 70% of the resources, or
about 1.067 billion tons, are from large livestéakms and can be used for energy.
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Table 4-4 Livestock waste resources and availghili2008

Animals On hand(1h Total excrement(1%)
pig 46291 4.22
cattle 10576 9.65
horse 682 0.5
donkey 673 0.37
mule 296 0.22
camel 24 0.02
sheep 28085 1.54
fowl 1085470 1.27
Total 17.78

4.1.4 Municipal solid waste

In the recent past twenty years, China’s urbarupnagirocess developed very fast, resulting
continuing expansion of cities and towns with ireed urban populations, so that more and more
daily life garbage are produced by each urban eesider year in China. Based on the statistics
(China Statistics Yearbook 2009), in 2008, amomg1th.438 billion tons of municipal solid waste
processed in China, only 10.307 billion tons, or866, were non-harmfully managed. The
non-harmful processing methods include sanitatiandfill, compost, and incineration for
electricity generation. For example, even thoughongily encouraged by the national
environmental protection agency as ideal technolthggre are only 74 garbage incineration power
projects in China established processing merely billion tons municipal solid waste, which
accounted for 15.2% of non-harmful processing,bmua 9% of municipal solid waste managed.
Meanwhile, about half of urban waste is sanitafilled, with another one third without any
processing. Therefore, harmless treatment, ameduoiction, and utilization for energy become an
urgent task for China to reduce municipal solid t&ak this study, the amount of municipal solid
waste in China refers to total of waste resouroeshergy. Manageable amount is equal to the
availability of municipal solid waste for energy.

Table 4-5 Transported and harmlessly processedapahisolid waste in China in 2008

Treatment Nu_r1_1per of| Capacity (1&/day | Amount processed % of total
facilities (104tlyear) garbage

Transported 15438
Non-harmfully 509 31.5 10307 66.8
processed
Of  which, 407 5.3 8424 817
sanitation landfill
compost 14 0.5 174 1.7
Incineration 74 5.2 1570 15.2
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Data source: State Statistics Bureau, China Statigearbook 2009.

4.1.5 Materials for liquid biofuels

Resources for liquid producing biofuels can incladgicultural and forestry products, crop
residues, municipal waste oil, energy plant, androarganism (microalgae for diesel). Since
biodiesel from non-grain materials is encouragedChina, feedstock for biofuel process can
include waste sugar materials, animal grease, wassweet sorghum, jatropha curcas, energy
plants, and crop residues. The liquid biofuel malginvestigated in this study are mainly cassava,
sweet sorghum, waste oil, and oil plant seeds, wwittiuding cellulose and microorganism
materials.

Over the recent past years, about 600,000 ha eadsave been planted with annual
production around 11 million tons, mainly used toduce starch and industrial raw materials,
only few used for food products. Annually, abouni®lion tons of waste oil or animal grease can
be utilized for energy in China. 8.042 million hexeis of woody oil trees are planted with about
2.2 million tons of oil fruit products produced bagear. However most of the resources are
wasted without effective utilization.

Table 4-6 Resources for liquid biofuels and avdlittof the resources in 2008

Sources Total resources Availability (10 %) Availability in energy

(10%) (10%tce)

Cassava 1100 140 21

Sweet sorghum 250 250 16

Waste ol 200 200 171

Woody oil 220 170 62

plants

Total 271

4.1.6 Marginal land resource

Because of the huge population and short of atahlkresources in China, biomass energy
must be developed in the principle of non-compmiitvith food production.

Because there is no complete and systematic suwayarginal land for biomass energy
utilization, definition on marginal land uses, ladldssification, and available marginal land and
their potential data obtained by different orgatimes and research institute are different
significantly. So far, existing related studies besed on data obtained by national land resource
administration on land resources (mainly from tB822issued Land Classification in China (trial
regulation)), data on national survey on curremidlaises and pattern changes, data by the
Ministry of Forestry on marginal forest land resmas, data by Ministry of Agriculture on arable
land uses. A preliminary assessment has been donsagginal land resources and potentials for
energy crops and energy woods. According to thierdifit data sources and calculations, it is
estimated generally that there are 32-75 milliontdres of marginal land, including 7.34-9.37
million hectares for back-up arable land that canused to plant energy crops, 8.66 million
hectares of used land during winter season thabearsed to plant rape, 16-57 million hectares of
back up forest land that can be used to plant grfergst, and 3.43 million hectares of existing
low yield oil forest land that can be improved

Table 4-7 Available marginal land resources

Marginal land Area (10°ha) Crops can be planted
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Back-up land for 734 Energy crops (sweet sorghum, cassava,
agriculture crops sweat potatoes)
Unused land 866 Winter rape
during winter
Back up land for 1600~5704 Fire wood and oil forest
forest
Existing low 343 Improved for biodiesel feedstock
yield oil forest
land
Total area 3543~7647 /

4.2 Biomass resource potentials

4.2.1 Crop and forest residues

Figure 4-2 depicts productions of grain, cottong ail products over the past ten years. In
the figure, the data of cotton production is 100 more than actual production and data of oil
product is 20 time more higher than practical yi8 can see in the figure that grain production
contribute 93-95% of total major agricultural yieldver the past ten years, grain production in
China maintains at 450-500 million tons. It is e&tied that this production will maintain stable in
the long-term future. Therefore, crop residues @/2and by 2020 will be similar with the data in
2008.
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Figure 4-2 Grain, cotton, and oil product yieldsOhina

Although it is expected that area of forest landCimna will continue to increase, forestry
residue resources will maintain stable by 2015 bpd2020 due to many constraints such as
cutting regulations, lack of industrial collecticzgpacitated processing, environmental protecion,
and competing uses with other industrial productotivities. Therefore, the 2008 resource data
will be used in this study.

4.2.2 Livestock waste

Along with the improved factors in farming costshaiques and agro-product qualities, rural
home animal farming are developing towards scakestock farm practices. With changing food
sources and improved living standard in China, ahifarm product consumptions continue to
grow while grain consumptions are getting less.sTéhange will drive the sustained animal
farming sector in China. Meanwhile, along with tineproving environmental awareness and
national policies on pollution control, more demdad large livestock farm biogas projects will
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be expected in the future. It is expected that 0¥52 a total of 2.24 billion tons of livestock
excretion will be produced in China, with 1.58 ibifi tons, or 70.3% of the resource will come
from large livestock farms. By 2020, the total Bt@ck waste will be 2.54 billion tons, of which
1.92 billion tons, or 75.7%, will be from large Ecévestock farms in China.

Table 4-8 Livestock farm waste resources and alviitly

Total resources Availability Available energy
vear 1) (10°%) (1CPtce)
2008 17.78 10.67 0.38
2015 22.25 15.48 0.55
2020 24.56 18.59 0.66

4.2.3 Municipal solid waste

By 2008, processed municipal solid waste in Chataléd 154 million tons compared with
actual yield of the life garbage more than 150iomlltons. With continuing improved awareness
of resource utilization and biomass technologywgnarate of municipal solid waste is expected to
mitigated. Anyway it is projected that by 2015, 2@0lion tons of municipal solid waste will be
generated annually and the amount will reach toraiibn tons by 2020. All these waste can be
harmless treated for energy. This means all gesenaunicipal solid waste can be available for
biomass energy.

Table 4-9 Available municipal solid waste in China

Total resources Availability Available energy
vear (1) (10%) (1Cftce)
2008 1.54 1.54 0.22
2015 1.93 1.93 0.28
2020 2.32 2.32 0.33

4.2.4 Liquid Biofuel feedstock

Energy crops and forest need long time efforts étban 10 years) to breed and plant before
they can be harvested for energy due to the long to grow, high cost, and constraints of natural
conditions. Resource availability for biofuels isaf/zed by considering multiple factors such as
China’s policy of non-grain feedstock, current rgrain energy plantation, marginal land uses,
and transforming technical process, etc.

For fuel ethanol from aged grain, the capacity Wwél strictly limited by national policies.
Therefore by 2020, the availability of aged grdialsmaintain at 1.52 million tons.

Currently there are about 2 million tons of wasileand grease resource. With increased
population and improved life quality, the accouniekpected to be more. However the increase
shall be limited due to the improved awareness rafrgy saving, low carbon economy, and
encouraging frugality. By 2020, the available wasiteand grease will be kept at about 2 million
tons in China.

Cassava can be a major starch-type material fénddiproduction. Currently 11 million tons
of cassava products are produced each year in Omigialy from China’s southern province of
Guangxi, accounting for 70% of the country’s totelds. The principal 200,000 ton fuel ethanol
production facility developed by China'’s food coriion (COFCO) consumes 1.4 million tons of
cassava each year. Increased cassava resources @hibved through two major approaches:
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planting more at marginal land for another 5 millimns annually, and increase yield. Current
yield of cassava can only be 1 tons per Mu in ay&rdhe improved breed of cassava is expected
to yield 4-4.5 tons. Suppose 50% of the cassavedbrare improved, 5-6 million tons in total can
be produced each year. Therefore we project th&029, more than 11 million tons of cassava
can be produced annually.

Sweet sorghum is planted mainly in coastal prosrafeliangsu, Shandong, and Liaoning, as
the saline land in these provinces is unsuitable g@in production. Sweet sorghum is a
saline-alkali resistant crop suitable for the landhe coastal area with rather high yield. It is
expected that 110 million tons of sweet sorghurolieing stalks) can be produced annually by
2020.

Currently there are over 100 varieties of oil crepgable for biodiesel, but most of the crop
breeds need to be improved to increase yield. Anthegmost promising crops are Jatropha
curcas, sapium sebiferum, and vernicia fordii atropha curcas are mostly planted in China’s
southwest provinces while vernicia fordii is popudd central China provinces. Oil crops can be
planted at large area of marginal land, totalledrezms of 30 million ha. It is expected that by@02
about 7 million tons of oil seeds will be availakich year.

Table 4-10Available raw materials for liquid biofsie

Year 2008 2015 2020
Resource | Availability | Available | Availability | Available | Availability | Available
ener ener ener
(10%) 9y (10') gy (10%) 9y
(10'tce) (10%tce) (10'tce)
Aged 525 156 525 156 525 156
grain
cassava 140 21 800 119 1100 164
Sweet 250 16 2700 176 11000 717
sorghum
Waste oll 200 171 200 171 200 171
Oil seeds 170 62 300 110 700 257
Sum 427 733 1466

4.3 Priority technologies

Basic principles for livestock farm waste utilizati for energy will be: “strengthening
pollutant discharge control at livestock farms topsuncontrolled discharges of livestock farm
wastes. The biogas project development will helpvisle daily life fuels and quality organic
fertilizers in rural areas. Protective plantingofesssional, industrial and commercial animal waste
processing capacity will be built in China”. Livesk waste will be naturally yielded as the
livestock farms operate to produce meat, egg, alidgroducts. However current livestock waste
from some farms without treatment has resultedasrpollutions in local areas. Proper treatment
of the animal manure must be solved to ensureisasle supply of meat, egg, and milk products
in the market. Therefore, livestock farm wasteizgtion for energy must be developed as priority
biomass technology in China.

According to an investigation by the National Eovimental Protection Administration, half
of Chinese cities are surrounded by municipal selaste. It is difficult to find nearby landfill
sites. Based on a research by the study team, 58¢8& Beijing municipal government planned to
select a garbage landfill site at its surroundiognties, but failed to decide after ten years &ffor
City garbage has become a new pollution source.idvhai solid waste treatment for energy has
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been considered the most effective approach. Tovereit will be a priority project for biomass
technology. Garbage treatment capacity will depa@mévailable municipal solid waste resource.
Economic benefit should not be considered as itkenahare with other biomass technologies.

Agricultural and forestry residues can be utilifed energy apart from stubbles leaving in
the field for fertilizers and as livestock feed&tufiowever in Chinese rural areas, in field
combustion of crop residues are still popular. Tig only resulted in serious pollution, but a
huge waste of the biomass resources. Utilizatiooragp straws for energy will not only increase
farmers’ income but also contribute to alternagwergy supply and improvement of environment,
as well as promote local economy in a sustainadeldpment. Therefore, crop straws in the rural
area will be utilized as priority technology. Corgtévely, due to many existing obstacles for in
environmental protection policies, competing useith windustrial processing, high cost in
collection, and natural conditions, large scaldization of forestry residues for energy is still
facing challenges. It is considered by the studyntéhat forestry biomass technology will not be
fast developed by 2020.

According to the policy of biofuels from non-grainaterials, in near and medium term,
biofuel production will mainly from waste sugar maals, animal grease, cassava, sweet sorghum,
energy plants like Jatropha curcas, and cellulosp cesidues. Recently, the biomass energy
resources including large scale plantation of radf sugar and starch crops and energy
plantation in marginal land will be encouraged.l@ete feedstock from agricultural and forestry
residues is still waiting for improved and optimdzerocessing technologies.

4.4 Summary

Based on the above analysis on current and fuésieurces of crop residues, livestock waste,
municipal solid waste and biofuel materials, thikofeing table 4-11 depicts total resources and
availability for biomass energy. To fulfill the matal biomass energy target in China, the biomass
resources in China will be sufficient for the fidudevelopment.

Table 4-11 Summarized biomass energy resource\aildlaility in China by 2015 and by 2020

2008 2015 2020
Availability | Available |Availability| Available | Availability | Available
Resources (10 energy (10 energy (10% energy
(10'tce) (10%tce) (10'tce)
Crop residues 50000 24700 50000 24700 50000 24700
Livestock manure 106700 3800 1548Q0 5513 185919 166Q2
Municipal solid waste 15400 2200 19300 2757 23200 3143
Feedstock for fuel ethanol 194 452 1037
Aged grai 525 156 525 156 525 156
cassay 140 21 800 119 1100 164
Sweet sorghum 250 16 2700 176 11000 71y
Materials for biodiesel 234 282 429
Waste ofl 200 171 200 171 200 171
Woody oil seeds 170 62 300 110 700 257
Total 31127 33703 36101
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By comprehensively considering each type ofraiss resources and the demand for energy
production, by 2020, livestock waste and municgmid waste for energy shall be encouraged as
prioritized sector in China. Crop residues and gtogewaste will also be developed. During the
development period, energy plantation is not exgkedhto commercial application since the
immature transforming technology. The priority fenergy crops will be optimizing breeds,
cultivating high yield trees, and developing plaiota bases.
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5. Assessment of technology development trends

5.1 Agricultural and forestry residues for energy

Agricultural and forestry residues can be applied dnergy through power generation by
direct combustion, co-firing, gasification, pelfeel, and biomass carbonization technologies.

5.1.1 Power generation form straw fuel direct combustion

5.1.1.1 Technical process

Direct combustion refers to power generation coteplefrom biomass fuel that are
combusted in specially designed biomass boilegetwrate steam driving steam turbines generate
electricity. The critical difference between biomalrect combustion and conventional fossil fuel
lies in raw material preprocessing and dedicatedvsboilers. The biomass fuel preprocessing and
special biomass furnace must ensure the boilerdigeency, life span, and stable operation.
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Figure 5-1 Technical process of power generatiomfdirect firing crop straws

5.1.1.2 Scale of the industry

Biomass direct firing power generation technologyainew deployment in China. The first
biomass cogeneration project was installed at Gagpi$hanxian biomass cogeneration completed
in December 2006. The project is using Danish BWeghmnology manufactured in China. With
total investment of 337 million Yuan, the installegpacity of the cogeneration project is 25MW.
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By the end of 2007, a total number of 16 biomassctlifiring projects have been completed
with total installed capacity up to 367MW. Of thai@eng biomass power co. ltd invested 10
projects, 250MW power capacity has been instalidrpjects of 25MW and 2 projects of
12MW). Other biomass generation projects includegi& biomass power plant invested by
China Energy Conservation of 24MW, Jinzhou biomassver plant invested by Hebei
Construction Investment of 24MW, the 24MW Jiangsuatln biomass project invested by
Jiangsu Guoxin, the Baoying biomass cogeneratiofe@r (15MW) and Lianyungang biomass
plant (12MW) by HK GCL, and Henan Changge thernmalgr plant of 15MW.

29 biomass direct firing projects were completedthe year 2008 with total installed
capacity of 618MW. These biomass projects were Ijndstveloped in China’s Shandong, Jiangsu,
Henan, and Hebei. Few projects were also develapdabngbei, Xinjiang, Anhui, and Hubei
provinces.

In developing biomass direct firing power genemagoojects, Guoneng (NBC) Biomass Co.
is the leader company. The developed biomass cogfeme projects contributed 68% of the
biomass power market in China before 2007. By the ef 2008, this situation changed. For
example, by 2008, the company completed 6 new gyjeach with installed capacity of 12MW
and total capacity of 72MW, with accumulated cafyasf 322MW. However, by the end of 2008,
the nationally installed biomass direct firing ceipa has reached to 618MW and Guoneng’s
market share reduced to 54%. Although still thgdat investor in the China biomass power
market, many new investor companies has entertégkteector.

Table 5-1 Completed biomass direct firing power generation projects in 2008

Installed
No. | Province Projects Co(;n&l/ete capacity
(MW)
Projects developed by Guoneng Biomass
1 Shandong| Guoneng Shanxian Biomass Power 2006 30
2 Shandong| Guoneng Gaotang Biomass Power 2007 30
3 Shandong| Guoneng Kenli Biomass Power 2007 30
4 Shandong| Guoneng Juye Biomass Power 2008 12
5 Henan Guoneng Junxian Biomass Power 2007 30
6 Henan Guoneng Luyi Biomass Power 20071 30
7 Henan Guoneng Fugou Biomass Power 2008 12
8 Hebei Guoneng Weixian Biomass Power 2007 30
9 Hebei Guoneng Cheng’an Biomass Power 200y 30
10 Xinjiang | Guoneng Awati Biomass Power 2008 12
11 Xinjiang | Guoneng Bachu Biomass Power 2008 12
12 Jiangsu | Guoneng Sheyang Biomass Power 2007 30
13 Jilin Guoneng Liaoyuan Biomass Power 2007 30
14 Heilrc:ggjia Guoneng Wangkui Biomass Power 2007 30
15 Liaoneng | Guoneng Heishan Biomass Power 2008 12
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16 Inner_ Guoneng Tongliao Biomass Power 2008 12
Mongolia

Projects using Wuxi Huaguang Industrial Boilers Pralucts

17 Hebei Hebei Jinzhou Straw Cogeneration Plant 7200 24
18 Jiangsu | Jiangsu Huai'an Power Company 2008 24
19 Anhui Huadian/Suzhou Biomass Power 2004 24
20 Anhui Datang Anging Biomass Power 2008 24
21 Hubei Hubei Shenzhou New Energy Stock Co. 2008 2 1
22 Shanghai| GCL Shanghai/Lianyungang 2007 15
23 Hanghai | GCL Shanghai/Gaoying 2007, 15
24 Shandong \é\(]uoxri]gdci;;nolian Group/Shandong Boxing 2008 12
25 Jiangsu | Jiangsu Guoxin Rudong Biomass Powe 2008 12
Other Projects
26 Jiangsu | Zhongjieneng Sugian Biomass Power 2007 4 2
27 Henan Henan Changge Thermal Power 2007 12
28 Heilrc:ggjia Guodian Tangyuan Biomass Power 2008 24
29 Shandong Guodian Wuli Biomass Power 2008 24
Total 618

5.1.1.3 Analysis on technology obstacles

There are variety of agricultural straws from diéfet crops and in diversified forms and
contents. From content analysis, crop straws slth@racteristics of high moisture, high
volatilization, low ash content, and low heat vallieerefore combustion of the biomass fuel can
be different to coal. Especially, crop straws contaore alkali metal than coal so that its ash
melting point can be lower and prone to resultsh and dreg accumulation during combustion.
The alkali metal in ash and chlorine in smoke cawddupt inner surface of boilers. The content
of alkali metal and chlorine is generally relatedhwstraw types, soil, and fertilizer used and
planting habit, therefore different in areas. Amdahgm yellow straws such as rice straw, wheat
straw, corn stalks and rice husks contain highalianetal content. Hence it is risky to dreg and
corruption, while alkali metal content can be mimlker when using cotton stalks and wood chips
and it is less likely to create dreg and corruption

So far, manufacturing of dedicated straw boileljsiss started. For example, Wuxi Guanghua
Boiler Co. has successfully developed its stravlebgiroduct with complete IPR. 20 systems of
75t mid temperature and mid pressure boilers haea installed so far with satisfactory operation.
A sub high temperature and sub high pressure 1t@ghcity boiler has been installed at Jiangsu
Rudong biomass power plant. Jinan Boiler Corpomnalig introducing Danish BWE technology
of straw boilers and manufactured 130t/h capaégh kemperature and high pressure straw boiler
product and installed at over ten biomass powerntptaChina, though critical components need
to import.

For direct combustion biomass power generationnidgy, current principal technical
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obstacle lies in boiler manufacturing. Internatibhadvanced direct firing boilers are mostly high
temperature and high pressure, while domestic tbgifeducts are mid temperature and mid
pressure, which are 2-3% lower in heat efficienog 20% or less generation efficiency. Research
and development efforts are being made at uniiessiind research institute together with
manufacturing enterprises to develop preprocessiggipment for the direct firing boiler
technologies. Moderate scale experiments and dematines have been conducted. In particular,
sub-high temperature and sub-high pressure sysevalaped by Wuxi Guanghua has been
applied at demonstration project. It is expecteat th2010 the sub-high systems will be widely
manufactured in China and by 2012 into demonstratiad product widely deployed by 2015.

To largely deploy biomass generation technologymsaiss fuel collection, storage,
transportation and other process techniques mussobeed. So far, very limited mechanic
operation has been used or at very preliminary edlegnough applied. This at certain degree
restricted scale of biomass power development addstrial applications. Since there are many
types of biomass fuel collection and storage eqaimlocally suitable systems must be
developed into series equipment products. It issdagmat by 2012, the supply chain system for
biomass fuels will be basically developed and by®Geries of biomass fuel processing products
will be industrially manufactured.

5.1.2 Co-firing generation

5.1.2.1 Technical processes

Co-firing of coal and biomass fuel is operatedaalgeneration boilers. Firstly, biomass fuel
is crashed and transported through a conveyingsyit the boiler. Another special furnace will
be used to insert biomass fuel into the boilersamtire with coal. According to an experiment in
other countries, when proportion of biomass fueldsmore than 20%, the high chlorine and high
alkali biomass fuel will not result in corruptioncdhaccumulated ash that could corrupt the boiler
systems.

Figure 5-2 A straw co-firing power generation plant
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Upper: straw cabin
Right upper: straw conveyer

Right bottom: straw fuel into boiler
(three pipes, for straw fuel in the
middle and other two for coal)

Figure 5-3 major system for a straw and coal dagigeneration facility

5.1.2.2 Industry scale

Since there is lack of clear incentive policies d@ods biomass co-firing generation
applications, the technology is merely at pilot aleinonstration stage. For example, Shandong
Shiliqguan power plant tested the co-firing techggl@t its No.5 boiler. It is a 400 ton/h steam
boiler driving a 140MW turbine system. 20% of biasduels were used with annual biomass fuel
consumption of 250,000 tons. In 2006, a total 0866 tons of biomass fuels were co-fired.

Hong Kong GEL Group has installed 21 small therp@her plants in Jiangsu, Shandong,
and Anhui provinces, of which 7 plants used bionfas including crop straws, rice husks, tree
barks, reed, and mud from municipal waste watecgssors.

5.1.2.3 Technical obstacles

Because of the biomass consumption metering andategy problems in China, suitable
subsidies have not been worked out such that thetdogy is unable to largely implement due to
lack of metering instrument and method. This haanlenited the technology development. It is
widely applied in the developed countries as a nsieam technology. However, due to the
undeveloped business trust monitoring system aneffeotive co-combustion metering technique,
tariff policies and other incentives are unablé@rplement successfully.

R&D on biomass co-firing metering equipment hasnbeenducted. It is expected that by
2010 the prototype system will be completed and mave years would be needed to evaluate,
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certificate, and prepare regulations. Therefore dbdiring biomass technology is expected to
develop fast after 2013.

5.1.3 Power generation from biomass gasification

5.1.3.1 Technical processes

Power generation from biomass gasification usesfgekfrom biomass feedstock after
purification. The fuel gas combust to drive engoregas turbines to generate electricity. The
gasification utilizes biomass fuel together withaid steam as media to generate fuel gas through
thermal chemical process under high temperaturditon. The fuel gas generated contains CO
and H2, called biomass fuel gas. The critical gzibn generation techniques are low coast fuel
gas purification process and associated power geoersystem. Since the biomass fuel gas from
gasification furnace contains certain impuritieshsas tar, ash, and minim alkali metal substances,
while the tar will affect normal operation of thewehstream process for power generation if not
properly purified.

Two of the most popular technical processes of basrgasification are circulated fluid bed
and fixed bed techniques, depicted as in the fatigWrigure 4-4 and Figure 4-5.
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Figure 5-4 Flow chart of circulated fluid bed teah process
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Figure 5-5 Technical process of the fixed bed gzgibn generation

5.1.3.2 The gasification generation industry

The currently applied biomass gasification genernatechnigue is developed by Guangzhou
Energy Institute of the Chinese Academy of Scienthe circulated fluid bed gasification process
generates gasified fuel gas to produce electrédiggr by water-washing purification technique to
generate purified fuel gas. The purification preceses water shower method to eliminate tar and
ash in the fuel gas. However this is still insuéfitt to solve the entire tar pollution problem. The
generated waste water is further processed by Wsioggria processing to crack down the tar into
mud and the water is recycled to reuse. The cutemtinical process is under process test and
further improvement. Meanwhile, high temperaturalyazing cracking technique to eliminate tar
is being under research development.

Since the first 1MW rice husks biomass gasificati@meration project established in Fujian
province’s Putian before 2000, several other detnatisn projects are also installed, such as
China’s first wood chips gasification power genemtproject in a wood mill in Hainan, the
demonstration of straw gasification power plantiebei’'s Handan, and recently completed 20
gasification generation systems by using crop tesllomass such as rice husks, rice straws, tec.
More than 40 million Yuan have been invested fa¥ fitojects with annual generation of 75
million kilowatts.

The 4MW rice husk biomass power plant has beenloeséd at Jiangsu’s Xinghua. It is a
high-tech demonstration project supported by them&Ministry of Science and Technology. The
project installed a circulating fluid bed furnaagvohg 1x400KW and 1x600KW fuel gas engine
to generate electricity with CHP boilers and stdarbine systems. It was completed in October
2005 and has been operating for 1500 hours so itarthe longest continuing operation for a
month. Biomass fuels of the project mainly incluite husks and cotton stalks. As the high
silicon content from rice husk ash and dregs, wtgaln be reused with high value added
applications, the CHP plant uses water-washingnigcle to eliminated tars and recycles the
waste water. The project consumes 320,000 tondrgj biomass fuel each year to produce 28
million kWh electricity annually.
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Figure 5-6 Flow chart of biomass circulating fllidd technical process
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Figure 5-7The Jiangsu Xinghua biomass circulatinigl bed power plant

Jiangsu's another biomass fixed bed gasificatiafept is under construction, where China'’s
first gasification furnace purification and powemngration system has passed contiguous 60 hours
operational test with satisfactory result. It ianpled to operate online by March 2009.
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Figure 5-8 Technical process of fixed bed gasificageneration

Figure 5-9 Jiangsu's Gaoyou biomass fixed bedigasidn power plant
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5.1.3.3 Technical obstacles

One of the major technical obstacles of biomassuldting fluid bed gasification is to
eliminate tar in the fuel gas. Because of the lugygen content in the fuel gas from circulating
fluid bed gasification, electrical tar capture teictue cannot be used to eliminate tar, which
results in high tar in the fuel gas such that theremains inside engine cylinder and causes
abnormal engine operation. According to current R&vities, it is expected that by 2011, the
fuel gas purification for biomass circulating fluiéd gasification process can be resolved and be
widely applied by 2013.

Main problem for biomass fixed bed gasification hteique lies in lack of systematic
demonstration projects and short of operationa ff@im industrial scale applications. Therefore,
problems of whole equipment systems may not bg felvealed. Based on current demonstration
project on biomass fixed bed gasification for eieity in Jiangsu, the demonstration system can
be completed by 2010. And by 2013, industrial psses of biomass gasification, fuel gas
purification, fuel gas for power generation, andlfgas supply systems can be widely deployed.

Both of the two biomass gasification technologiasstruse engine to generate electricity.
However, there exist certain technical obstacleteims of engine driven turbine systems using
low heat value fuel gas. First of all, capacitysifigle system is too small. Currently largest
capacity of low heat value engine turbine systemamaly be 500kW. Secondly, generator system
efficiency is very low, only 32-34%, or 2-3 percédoiver than the same kind of foreign products.
It is assumed according to progress in engine pasystem R&D conducted in domestic
manufacturers that by 2011, the efficiency of cotr'@00kW made-in-China system can catch up
to international advancement and by 2012, 1MW awvalrapacity system can be developed and
deployed before 2014.

5.1.4 Biomass pellet fuels

5.1.4.1 Technical processes

Biomass pellet fuel process utilizes mechanicalddo compress biomass materials (mainly
agricultural and forestry residues, such as crogwst and wood chips) to increase the biomass
bulk density and obtain the same combustion cheniatits of various biomass raw materials. The
pellet fuel technique helps to make loose bioméssvs to be easy to transport and storage, as
well as improve their fuel efficiency.
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Figure 5-10 Biomass pellet fuels

5.1.4.2 The biomass pellet fuel industry

R&D and applications of biomass pellet fuels depelast over the past three years since

2008 when only a total of 1.2 million tons were gwoed. The pellet fuels can be sold to the
following major users:

Rural households under the government subsidizeldpfograms. Some local government
(such as Beijing Municipal Government) promotesimgs pellet fuel in rural areas. Under
these programs, government subsidizes farmer fesiihi buy biomass pellet fuel stoves and
rural households are encouraged to buy the peflatsual demand for this kind of uses will
be about 500,000 tons.

Pellet fuels for small biomass boilers. Some corigsahave develop special biomass fuel
boilers while producing the biomass pellet fuel ipqent, mainly steam boilers and hot
water boilers of capacity no more than 4t/h, whielm be used by hotels, restaurants, and
public baths. Due to increasingly strict environtngrotection regulations, fossil fuel boilers
are restricted, including those polluting coal &tkboilers, high cost oil fueled boilers, and
gas boilers requiring natural gas pipelines. Bianpsllet fuel boilers therefore become a
cost efficient solution because of its low emissionl support by national renewable energy
policies. It is estimated that annual pellet fuglmdnd for the boilers is 20-25 tons,
accounting for nearly 25% of the total biomassqidliel sales.

As materials for biomass charcoal. Machine productdf biomass charcoal is through

carbonization of pellet fuel, per ton of machinedmaharcoal from about 3 tons of biomass
pellets. Along with improved life standard, thegean increasingly more consumption the
biomass charcoal for barbecue and hot pot resteuriteanwhile, there is also market in

Korea and Japan. More than 100,000 tons of machieme charcoal products are exported.
About 600-700 thousand tons can be demanded imé#nket, which account for nearly 70%

of the biomass pellet fuel sales each year.

5.1.4.3 Technical obstacles

There is no impassable technical obstacle for bésnpeellet fuel techniques. But production

projects need to be regulated. Although many bignmesdlet producers exist in China, only few
successful projects can be selected for demomstrafithe technology.

It is expected that between 2010 and 2011, sewatidnal level demonstration projects will

be developed at different areas to provide modetsamass pellet fuel production and industrial
development.
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Figure 5-11 Production equipment for biomass péliels

5.1.5 Biomass carbonization

5.1.5.1 Technical process
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The biomass carbonization technology is to heabiomass feedstock in the air isolated
environment so that volatilization content in tHerbass materials can be separated to produce
biomass carbon powders, wood tar, wood vinegar,fagidyas. The carbonization process can be
of inner heating and external heating. The extelealting process is to heat up materials inside
the carbonization chamber without air. The heatuireg for volatilization degradation is
completely from other than biomass materials, wthike inner heating process will inject oxygen
(air) into the carbonization chamber to combust pdérbiomass materials. The heat from the
combustion will utilized for the degrading proceBsth the two processes can result the above
mentioned four products, except that carbonizatie gas from inner process can have lower
heat value. The following figure depicts the teclhprocess of inner heating carbonization.
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Figure 5-12 Flow chart of the inner heating biomzadonization process

5.1.5.2 Industrial development

The industry of biomass carbonization technologyust started in China. For instance,
Liaoning energy institute developed a small extehsating carbonization furnace system only
for small scale production. Henan Sanli Company kaseloped a continuous biomass
carbonization technique at 14t/day production ciypaxf single unit. Now the system can be
batch produced. There have been 7 biomass carlionizystem manufacturers in China, 4 of
them also produce integrated biomass fuel gas geoeisystem.

The biomass carbonization technology decomposesidsi® materials into fuel gas, tar,
wood vinegar, and carbon powder. The produced daslcan be used after cleaning for engine
generators. Carbon powders, wood vinegar, andataibe supplied as chemical raw materials as
well. Therefore the technology can largely increbisenass value and improve cost effectiveness
of carbonization enterprises.

5.1.5.3 Technical obstacles

One of the most urgent technical problems is toeltgv continuous carbonization furnace
with industrial scale and technical standards. €hirrsystems have serious problems in
productivity, conversion efficiency, and appearadesign. There is a large room to improve. In
addition, comprehensive utilization of the techhipeocess output, such as fuel gas, wood tar,
wood vinegar, and biomass charcoal, can be impodspect of the carbonization technology
R&D. The comprehensive application of the procestput can greatly improve project cost
effectiveness and environmental benefits. Both bEsncarbonization technical process and
manufacturing should be focused.

By 2012, the continuous type biomass carbonizgirocess and its byproducts are expected
to be developed and manufactured. By 2014, comalesgstem demonstration and industrial
applications can be well developed in China.

5.1.6 Assessment of technology development trends

Based upon the above mentioned assessment methisdgport will analyze the status and
development trends for various crop residues fergntechnologies. Based on the analysis, these
technologies are graded to obtain their developrirentd assessment scores as for 2008, 2015,
and 2020 respectively.
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Table 5-2 Assessment result for agricultural awddtry residues for energy technologies,
status and development trends

Ye Technolodies Direct firing Gasification Co-firing Pellet | carboniz
ar 9 generation power generation | fuels ation
2 | Technology
; maturity 24 16 0 24 16
Technical
0 | obstacle impact 25 15 0 15 15
8 PR ownership 10 20 10 20 20
Total scores 59 51 10 59 51
2| Technology 32 32 32 32 32
0 maturity
1 | Technical 40 25 40 25 25
obstacle impact
5 IPR ownership 20 20 20 20 20
Total scores 92 77 92 77 77
2 | Technology 40 40 40 40 40
0 maturity
5 | Technical 40 40 40 40 40
obstacle impact
0 IPR ownership 20 20 20 20 20
Total scores 100 100 100 100 100
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Figure 5-13 Assessment results for agricultural fangistry residues for energy technology, status
and future trends

We can see from the above figure that in 2008, rieah obstacles of biomass
co-combustion generation technology had the largeptict on industrial development, while
direct firing and pellet fuel technologies had thiédest effect. This follows the practical situatio
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of current industrial development. By the end 00&0the installed capacity of biomass direct
firing generation had been 600MW and nearly 1 oiilltons of biomass pellet fuels had been
produced. In contrast, co-firing generation techgylfailed progress but market even dwindled.
One of the major technical obstacles lied in latkuzcessful metering equipment such that tariff
incentive policies were unable to implement forficmg power generation technology. For
example, two of CHP plants in Jiangsu used to apipdy co-firing technology to generation
electricity. Because of no supporting tariff indees, the incremental cost for biomass fuels was
unable to cover. Currently they stopped the caoiprocess and the installed biomass co-firing
boilers are changed to direct-firing systems.

We can also see that from the figure, by 2015 tadl hiomass technologies will become
mature and significant technical obstacles willldaesically resolved by focusing on improving
efficiency and reducing biomass power cost. By 20k@se technologies are expected to be
developed to a complete technology system and jpleyksd widely in China.

5.2 Energy from livestock waste

5.2.1 The process

Large biogas system refers to single digester of*5 larger, or total biogas digesters of
100m3 or larger with daily biogas production capaciver 50m3, installed with raw material
preprocessing and with comprehensive processingcdgdor biogas, biogas residues, and biogas
liquids.
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Figure 5-14 Biogas technical process

Large biogas systems can generally be divided imto purposes: for energy and for
environmental protection.

5.2.2 The industry

Biogas from biomass materials for power generdtias been fast developed in China since
2005. By the end of 2008, a total of 173MW biogaw@r capacity has been installed, including
79MW or 45.5% capacity from light industries (alobtand brewery, starch, lemon acid, and
paper making), 45MW or 25.3% from municipal waséadfill gas, sewage biogas), and another
31MW or 17.8% capacity from livestock farm bioggstems.

So far, only three grid-connected livestock farmdais projects have been developed at
Mengniu with capacity of 1MW, Beijing Degingyuanicken farm with 2MW, and Shandong
Minhe Group with installed capacity of 3MW. Amoniget most common challenges for biogas
power projects include small size, difficult to omct onto power network, and lack of incentive
policies.
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5.2.3 Technical obstacles

Technical obstacles for biogas power generationbeaidlentified into two categories: biogas
production and efficient large power engine gemersystem. Biogas production process in China
is less developed compared with the developed desrih terms of technical process, bacterium
making, automatic control system, and generatotesys The less developed biogas power
technology results in unsatisfactory biogas yislaall unit digester yield, and power generation
efficiency. According to current R&D activities, it expected to breakthrough in bacterium
making, installation, and manufacturing by 2012 amtlistrial deployment of the technologies by
2015.

The largest capacity of made-in-China biogas gdioeraystem is 500kW. Power generation
efficiency of the system can be 10-15% lower thhe international market products. It is
estimated that by 2015 the efficiency of currer@iB power generation system can be improved
to catch up the international advanced standardV1Mit is expected to be developed by 2012 in
China and deployed in the market by 2015.

5.2.4 Assessment of technology development potentials

Based upon the above mentioned assessment methisdgport will analyze the status and
development trends for various livestock farm bogawer generation system, off grid and in
grid technologies. Based on the analysis, theséntdogies are graded to obtain their
development trend assessment scores as for 2008, &0d 2020 respectively.

Table 5-3 Assessment of status and developmenmt aelivestock farm biogas power
generation technologies

Year . Standalone biogas| Grid connected biogas

Technologies
power systems power systems

Technology maturity 16 16
_Technlcal obstacle o5 o5

2008 ImpaCt
IPR ownership 10 20
Total scores 51 60
Technology maturity 32 32
_Technlcal obstacle 40 o5

2015 ImpaCt
IPR ownership 20 20
Total scores 92 77
Technology maturity 40 40
_Technlcal obstacle 40 40

2020 |mpaCt
IPR ownership 20 20
Total scores 100 100
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Figure 5-15 Livestock farm biogas for energy tedbges, status and development trends
assessment

According the above figure 5-15, the assessmente for in-grid biogas power generation
technology is lower than that for off-grid systerbecause of the fact that there are only three
on-line livestock farm biogas power systems sarfathina. Besides manufacturing problems, the
most significant obstacle is lack of practical tgichl codes for small online biogas systems. By
2015, the technical obstacles for online biogasgvogeneration will be solved. Because of the
complexity of off-grid biogas generation systenpmwer output and biogas uses, more technical
issues need to be solved. Therefore the scoreffgrid systems is lower than online system. By
2020, scores for both of the technologies will ange to the level of technology maturity.

5.3 Power generation from municipal solid waste
5.3.1 Power from garbage incineration

5.3.1.1 The technical process

Municipal solid waste incineration is to use higimperature thermal chemical process to
treat city garbage. It is to combust the solid wast fuel in the furnace at temperature 800-1000C.
The combustible part is conversed into high tentpesafuel gas and few stable solid dregs by
reacting with oxygen. When the solid waste contanfficient heat value, it can maintain
combustion itself without extra fuel. The high teergture fuel gas resulted during the incineration
will be used to produce high temperature and higbsgure steam through the inner heat
conversion system to drive steam engine to genetatgricity. The stable dreg produced during
the incineration can be directly land filled. Baaien, odor substances and virus contained in the
solid waste can be completely destroyed througlinémation or degraded. After processing,
harmful gas will be discharged into air. Therefomunicipal solid waste incineration is a
sanitation process of city garbage and an effeatigthod to process the waste into energy.
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Figure 5-16 Technical process chart of power gdimgrérom garbage incineration

5.3.1.2 The industry development

According to the 2009 China City Construction Stats Year Book, by the end of 2008,
municipal solid waste from China’s 655 cities vl 154 million tons in total with 100 million
tons or 66.8% processed. There are more than 5@@gmyards have been set up including 407
landfill sites in China. There are also 14 dungtitks and 78 incineration facilities are estalelish
besides other comprehensive treatment capacitiéhiime.

Table 5-4 Established solid waste incinerationlifaas in 2008

Technology Number  of Installed capacity (MW)
Facilities

Grate incinerator 36 490

Fluid bed 37 530

Others 5 39

Total 78 1059

5.3.1.3 Technical obstacles

Grate type incinerator is popular in the internadiiomarket. In order for high temperature
and effective decomposition of poisoning substatiogin, certain amount of fuel oil and fuel gas
must be injected into the furnace. About half afiierators in China use this technique. This type
of incinerators can effectively decompose dioxire da even in-furnace temperature and high
temperature at the furnace exit. Cost of the grgbe incinerators can be 20-30% lower. The
technique is developed by Zhejiang University asthghua University, which is suitable for
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China, therefore is widely accepted. However, bsedhe process needs to add certain proportion
of coal, effective metering and monitoring can b@ablem, similar to other co-firing techniques.
There is no tariff subsidy for the solid waste fragiation power plant using the technique in
China.

Lack of equal incentive for renewable technolog&esiot a technical obstacle, but policy
problem. Currently Chinese administration is wogkin solve this problem and find solutions. It
is expected that by 2010 some relevant incentigellagions can be available, that will help to
promote diversified solid waste treatment technéque

5.3.2 Power generation from landfill gas

5.3.2.1 Technical process

A landfill gas power generation system is composkedas collector system, cleaning and
pressure system, gas engine and grid integratistersy After collection, the landfill gas is
separated and filtered to remove coarse partitigs.sent to an engine to generate electricity.
Waste gas can be emitted through pipes into the air

To effectively collect landfill gas, collection nietd must be improved through an active
collector system instead of just emission collect@kfter a thorough investigation at a landfill
field, vertical or horizontal landfill gas collectpipelines should be well planned and installed.
The landfill gas can be collected by the pipelit@greatment facilities. Meanwhile, to collect
maximum of landfill gas, anti-seeping, coveringd anainage measures must be taken to facilitate
effective landfill site management.

Figure 5-17 A landfill site in China

5.3.2.2 The industry development

In recent years, landfill gas collection and treatinhas gained greater attention in China.
Some landfill field adopted integrated active lalhdfas collection and combustion system to
generate electricity by using the gas as clean flelname a few, Hangzhou Tianziling, Wuxi
Taohuashan, Nanjing Shuige, and Guangzhou Datiarahdfill sites are utilizing landfill gas to
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produce in-grid electricity. Anshan Yangeryu lafidiield is using the landfill gas for vehicles
after cleaning treatment.

5.3.2.3 Technical obstacles

Two major technical obstacles of landfill gas féecgricity are identified. One of them is
lack of highly efficient and powerful biogas geri@a system, which is already discussed
previously in above paragraphs.

Another major technical obstacle is to find solntwf landfill seeping liquid treatment. The
seeping liquid contains significant amount of harimkubstances and causes pollution.
Conventional waste water treatment techniquesr@abla to process the landfill liquid effectively,
which discharges the liquid into the city sewagstey. The technical method is also costly and
gives extra burden for existing sewage treatmesiesys. Novel landfill seeping liquid processing
technigues are under research and developmentang8hi and Shijiazhuang. Some positive
results have been achieved. It is expected that20¥1 technical breakthrough can be
accomplished and deployed by 2014.

5.3.3 Assessment of technological development trend

Based upon the above mentioned assessment methisdgport will analyze the status and
development trends for various landfill gas genenatechnologies and systems. Based on the
analysis, these technologies are graded to obiteindevelopment trend assessment scores as for
2008, 2015, and 2020 respectively.

Table 5-5 Landfill gas power generation technolsggatus and development trend

assessment
Year . Waste combustion for Landfill gas power
Technologies s .
electricity generation
Technology maturity 32 24
_Technlcal obstacle o5 15
2008 |mpaCt
IPR ownership 10 10
Total scores 67 49
Technology maturity 32 32
_Technlcal obstacle o5 40
2015 ImpaCt
IPR ownership 20 20
Total scores 77 92
Technology maturity 40 40
Technlcal obstacle 40 40
2020 ImpaCt
IPR ownership 20 20
Total scores 100 100
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Figure 5-18 Assessment result of landfill gas pogereration technology, current status and
future development

According the above figure, the assessmentesfmrin-grid landfill gas power generation
technology is lower than that for solid waste ircation generation systems, because of the fact
that there are lacks of small biogas power germraystem, equipment, and standards. By 2015,
the technical obstacles for online landfill gas poweneration will be mature than incineration
technology. By 2020, scores for both of the tecbgigls will converge to the level of technology
maturity.

5.4 Liquid biofuel technologies

Liquid biofuels can utilize diversified biomass distock, have various technical processes,
and produce different biofuel products. Accordimgatvailable biofuel production techniques,
liquid biofuels can be produced from cellulose béms)y starch, sugar, animal grease, and
micro-organic oil, etc. In the near future, majdofbel products can include fuel ethanol,
biodiesel, biological oil (biomass thermal deconmgzbsoil), catalyzed and hydrogen added
biodiesel, Fischer-Tropsch synthesis biodieselpgioal methane, biological methane, biological
DME, and biological hydrogen, etc. See the follayviigure.
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Figure 5-19 Technical process of biofuels from agmfeed stocks

(Courtesy: IPCC Third Working Group, 2007)

Currently, fuel ethanol from grain and sugar anddldsel from oil feedstock can be
competitive in the market, while other biofuel teitfues are still immature due to the higher cost
compared with fossil gasoline and diesel produdtgy will become competitive in the long-term
perspective. Among them, fuel ethanol from cellalosaterials gains highly attention and are
expected to be the next generation of biofuel teldgy.

5.4.1 Fuel ethanol

5.4.1.1 Technical process

Biofuel ethanol is widely produced from corn, sugare, edible grain (starch), and sugar
feedstock in the international market. In Chinasseara, sweet sorghum stalks, crop straws, and
other non-grain biomass are also used to prodwsesthanol in China. Popular technical process
for fuel ethanol is fermentation, while synthesishinique has not been widely applied in fuel
ethanol production.

Fuel ethanol from starch feedstock becomes the papsilar ethanol product, which can be
produced by three technical sub processes: maceomiek are hydrolyzed into monosaccharide
molecules such as glucose or xylose; the monosadehanolecule is sugar degraded into
2-molecule pyruvate; and the pyruvate acid is d#in&il to 2-molecule ethanol and CO2 released.
Figure 5-20 is a typical technical process of ethdrom corn or wheat starch materials. Fuel
ethanol from sugar cane does not need boiling agdrdegrade process.
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Figure 5-20 Technical process of ethanol from corn or wheat

Fuel ethanol from sweet sorghum is to use sugee jobntained in the sweet sorghum stalk.
After pressing the stalk, sugar content such asogkl and fructose will be fermented to produce
ethanol. This technique is easy to operate. THenteal process is depicted in the figure 5-21.
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Figure 5-21Technical process to produce fuel ethanol from saeghum
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Fuel ethanol from cellulose is considered the rposimising technology. Advantages of the
technique will include abundant feedstock resoyraeith great potential of economy and
environmental benefits. The technical process bhml from cellulose is to hydrolyze the
cellulose into monosaccharide and then converseeiitanol by fermentation. A general process
is depicted in the following figure 5-11. Criticaechniques of the process are material
preprocessing, hydrolyzing to obtain sugar contemd fermentation.

feedstock > crushing > Preprocess hydrolyzin | fermentati
\ 4
market [ Waterfree extraction [ ethanol [ distilling
A\ 4 ¢ v ¢
recycle < cleaning < waste dregs » market
Figure 5-22 Technical process of fuel ethanol featulose

The following table gives a comparison of fuel etblgprocess from different feedstocks.

Table 5-6 Comparison of ethanol technical procelses different raw materials

Process Starch Sugars Cellulose
, . . . . - Crushing, physical or
preprocessing Crushing, boiling, pasting Crushing, mixing chemical processing
Acd or catalyze 10 9t | o hydrolyzing | Difficult to hydrolyze,
ydrolyzation ’ . process, no multiple output, wi
hydrolyzat out gut no fermenta%on ttipl tput, with
put, : fermentation restraints fermentation restraints
restraints
Starch enzvime. veast Ethanol resistant yeast Special yeast
fermentation >Nnzyme, y fermentation into fermentation into
fermentation into hextose hextose pentose or hextose
extraction Distill, rectify, and purify Distill, re<_:t|fy, and Distill, re<_:t|fy, and
purify purify
By products Feedstuff, biogas, CO2 Fertlllzce(r),zblogas, Cellulose (fuel), CO2

5.4.1.2 The industrial development

Since 2010, China has invested nearly 5 billionnYta establish four capacities of fuel
ethanol from aged grains, i.e. Jilin Fuel Ethanol @d, Henan Tianguan Group, Anhui Fengyuan
Biochemicals, and Heilongjiang Huarun Alcohol CompaExcept Tianguan Group uses wheat as
feedstock, other three companies consume corn vasnaterials. Total installed production
capacity of the four facilities is 1.02 million terand expanded to the current 1.32 million tons
(see table 5-7). In 2009, China produced 1.72 onilions of fuel ethanol to be mixed into 17.2
million tons of E-gas using in eleven provincesisTiias substituted vehicle gas about 1.4 million
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tons, which made China the third largest fuel eth@noducer and user country after Brazil and
the United States.

Table 5-7 Fuel ethanols from aged grain producehina

Annual
Producer Completed | Feedstock | Production Sales market
(1d')
Jilin fuel ethanol . L
Co. Ltd 2003 Corn 30 Jilin (10), Liaoning (20)
Henan Tianguan Henan (13), and other 9 cities in
Group 2001 Wheat 30 Hubei and 4 cities Hebei
Anhui Eenavuan Corn Anhui (10), and other 7 cities in
. gy 2005 ’ 32 Shandong and 2 cities in Hebei and
Biochemicals potatoes X
Jiangsu
Heilongjiang ilonai
Huarun Alcohols Corn 10 Heilongjiang

Ethanol from cassava can be a mature technologynsardy on demonstration. Cassava
plantation and ethanol production from cassava toecgriority of pilot projects since the
technology is mature in the market. In 2007, COHfi®nass energy established a 200,000t fuel
ethanol from cassava project. So far, another aingitoject is also planned in Guangdong and
Hainan provinces. Cassava is widely planted in &hin 2006, the NDRC conducted a special
investigation to make biofuel ethanol plans. Acaogdo the investigation, five Chinese provinces
including Hubei, Hebei, Jiangsu, Jiangxi, and Chypmg have development potential for cassava
plantation and sufficient marginal land resourcEserefore, fuel ethanol production in these
provinces has advantages. So far, projects of ettfemm cassava are under preparation in the
above provinces.

Ethanol from sweet sorghum is under research aneklag@ment, and small scale
demonstration. For fuel ethanol from non-grain &edk, Beijing Taitiandi energy technology
development company and Heilongjiang Huanchuan &hanol Co. Itd conducted the “Ethanol
from Sweet Sorghum Stalks” demonstration projeatenrthe support of China “863” national
high-tech program. Since 2003, sweet sorghum glantand small scale ethanol production
experiment has been carried out. By 2005, theidyetion capacity has been 5000 tons and
produced 20,000 tons of paper slurry. In additgmme private companies are actively involved in
the program by planting thousands MU sweet sorghunoh established thousands tons ethanol
production capacities. China Ocean Oil, Jilin Failanol, and other state owned large companies
are also planted sweet sorghum for producing ftrelrel. International oil giants such as BP and
Shell carried out experiments in China for fuelagibl from sweet sorghum technology.

Ethanol from cellulose technology is under R&D. fao, cellulose ethanol technologies
become priority in the world market. Several deni@ti®ns have been developed by EU and the
US. Sub industrial capacities and commercial demnatien projects have been planned. For
example, Canadian Logen company established thlel finmt large cellulose ethanol experiment
facility in Ottawa with planned capacity of 3 milii gallon per year, which utilizes wheat straw as
feedstock. East China University of Science andiietogy conducted cellulose waste for ethanol
project under the national high-tech program. Bynagisbiological conversion and thermal
conversion technologies, the experiment facility paoduce 600 tons fuel ethanol a year. Henan
Tianguan and CAS process institute also establig@@dt/y capacities in Henan and Shandong
respectively. Experiments are under way. Anhui keag Group worked with Chinese
universities to develop preprocessing, enzyme t@olgies and achieved initial progress. A 1000t
straw for ethanol project has been under middleexgent. In 2006, COFCO established a joint
venture facility with Novozymes to produce fuel atbl from corn stalks. Technology
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development in preprocessing, cellulose conversamg enzyme production has achieved
practical progress. In November of the same ydar,project successfully produced 1 ton fuel
ethanol from 7 tons of corn stalks. As high as 32Hulose is successfully conversed by enzyme
to 5% mature alcohol yield, 37% cellulose alcohificiency, and consumed 7t steam per ton
ethanol, and total energy consumption of 1010kg foer ethanol. The experiment facility
demonstrated that all the technical indicatorsatir@dvanced level. In addition, many other R&D
activities carried out by research institute andvemsities (such as Nanjing University of
Technology and Tsinghua University) are progresdtmvever, in general, the technology is still
at early stage. Many critical technical problemsdto be solved.

5.4.1.3 Technical obstacles

So far, technical process of ethanol from starcd aungar materials is becoming well
developed, but sweet sorghum and cellulose ethtsubinologies are still immature. Some
technical obstacles for commercial deployment sfilkt.

Advantage of sweet sorghum stalk for ethanol liests simple production process, while
disadvantages include energy consuming in squeegirgar content in residues (5%-10%), fresh
stalk or extract storage problem, and waste watatrnent, etc. These problems will increase the
ethanol production cost and can be affected bydsarseason factors. One of the most critical
issues is to maintain sugar content during storegementation of sweet sorghum can be either
solid or liquid fermentation. Liquid fermentatios ienergy consuming and environmentally
unfriendly, but it needs less time for the ferméntg while the solid method discharges less
waste water and residues and contains high algadlol. Therefore it is suitable to be applied in
northern China areas. However, the current solichéatation technique utilizes traditional “kiln
type” brewery process with very long formation tiaved hence less cost-effective.

Ethanol from sweet sorghum stalks can be class#igccellulose ethanol technology. It
utilizes cellulose and half cellulose in the stadkhydrolyze the carbohydrate into fermentable
sugar and further fermentation to produce fuel rthaSolid fermentation is popular process by
either separable sarccharification or synchronizsagccharification fermentation technique.
Current research on technical processes is to weptite yield of fermentable sugar during the
cellulose feedstock hydrolyzing process and to awerfermentation technique and increase
equipment efficiency so as for higher ethanol yaatd better economy.

The major challenge of ethanol from cellulose ireseparation of cellulose from lignin and
conversion of cellulose into sugar and ethanol, &w cost enzymeFuture technology
development of fuel ethanol from cellulose will be:

(1) Comprehensive preprocessingilthough there are currently many cellulose feedsto
preprocessing techniques, few can completely stpathe cellulose from enwrapped
hemicelluloses and lignin. Therefore, multiple teigues are necessary to improve the technical
process for more effective separation and with@strdy their molecule structure such that less
enzyme restraint will be used. This will benefildaving enzymolysis and fermentation process.
This will also in certain degree reduce the treatrmest and improve the cellulose to ethanol
conversion efficiency.

(2) Improvement of saccharification process. Hydrolyzation efficiency and
monoaccharide vyield of cellulose feedstock can ctliyeaffect alcohol yield during the
fermentation process. Enzyme hydrolyzation can lwamtageous compared with acid
accharification process and will become future mézdd choice. However, the enzyme
hydrolyzation consumes large amount of cellulogzi$éock. It has problems of high cost, small
scale, and complicated technical process. Apptinadif solid fermentation technique is expected
to solve the problem, which will enable large scgbplication of cellulose biomass. In addition,
proper choice, mixing, and improvement of enzymgliegtions will help improve hydrolyzation
efficiency and applicability of cellulose and sesgllulose feedstock sources.

(3) Screening of fermentation bacterium strainsSpecial screening of bacterium strains
will facilitate fermentation efficiency and improwuiitability for particular cellulose feedstock.
For example, selection of gene mutation bacteritirmirs for highly sugar content resistant
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cellulose feedstock can overcome the restrainifegetiuring the cellulose hydrolyzation process
and improve fermentation efficiency and ethanoldyi&creening and incubating highly efficient

direct fermentation bacterial strains to enablerthe adapt special substrate will facilitate simple
production process and reduce production cost. Hsétant microzyme can work with ordinary

fermentation enzymes to alleviate the impact ofpgerature on bacterium growth and improve the
fermentation efficiency.

(4) Improvement of fermentation processin order to alleviate the restraining react of
ethanol on bacterium growth and on ethanol yielcuwamed, air separation, and membrane
separation techniques can be utilized to continyoegtract ethanol produced during the
fermentation to make the ethanol concentratiorh@ fermentation tank no more than required
content to improve fermentation tank productivitydareduce steam consumption during the
distillation process. Additionally, using continuoaell recycling technical process will also help
less bacterium consumption and reduce productist co

(5) R&D on solid fermentation processAlthough the solid fermentation process may
have disadvantages in low water activity, slow éactn growth, and uneven nutrient
transmission and metabolites exudates, as weliffecutlies in fermentation process control, pure
bacterium culture, and large scale production; hawedts advantages will include simple
technical process, low production cost, low enepnsumption, and easy treatment of
fermentation residues. Solid fermentation is exgettd be applied in mass production. In addition,
solid fermentation has been applied in celluloseyer® process and resulted in significant cost
reduction.

(6) Optimizing technical process.As above mentioned, cellulose materials in natural
plants can be very different in terms of chemigddysical, and biological characteristics. It is
impossible to apply only few best techniques fomown production of fuel ethanol from
cellulose feedstock. The technical processes mesbgiimized according to special cellulose
material features for better productivity.

5.4.2 Biodiesel

5.4.2.1 Technical process

There are several biodiesel technical processesdlabla including direct mixing,
micromulsion, high temperature thermal decompasitiand transesterification. Currently, the
transesterification method is popular for biodigg@lduction that utilizes animal and plant oil and
restaurant waste oil as raw materials to tran$gtemethanol and ethanol into fatty acids and
produce glycerin as byproduct. To produce biodiesel use diversity of feedstock materials,
which can include waste animal and plant oil, indakswaste oil, and oily crops such as camella
oleosa seed, soybean, jatropha curcas, and pistasensis, etc.

The most popular biodiesel technique is chemicahotk That uses plant oil (or animal oil)
to transestrify with methanol or ethanol under tagalysis by acid or alkali or by biological
enzyme to make fatty acid fuel. A general biodiggeduction process is depicted in figure 5-23.
In general, impurities in the waste oil must beanked. In the biodiesel from jatropha process,
shell jatropha curcas seeds must be removed beigueezing the oil. The shells can be
comprehensively utilized. A typical biodiesel protlan process can be seen in the following
figure 5-24.
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Figure 5-24 Technical process of biodiesel fromojdta curcas

5.4.2.2 The industrial development

Biodiesel industry in China has just started durihg tenth five year planning period in
2001-2005 when some private biodiesel plants predimdiesel from restaurant waste oil, natural
oil plant seeds, and waste animal grease as conmaoerials. The produced biodiesel product
was just used as fuel for agricultural machined, asovehicle fuel in the market. For example,
China’s first biodiesel plant was established inbells Wu'an by Hainan Zhenghe Biomass
Energy Company. The plant produced biodiesel froester oil from restaurant and refineries, as
well as oil plant seeds. The production capacitg Wakt/year. In the same year, Sichuan Gushan
Lipin Chemical Co. installed a 10kt/y biodiesel aajy in Mianyang city. The company utilizes
waste oils and animal grease to produce biodieskkall the product in the market. In November
2001, Fujian Zhuoyue Energy also installed a 2ktigdiesel production facility in Fujian’s
Longyan by utilizing restaurant waste oil as rawterials.

While momentum success in fuel ethanol from nornrgieedstock, industrial scale biodiesel
demonstration becomes a mature technique. From 0P810, China’s biodiesel industry grows
fast and dozens of biodiesel facilities with capaoif several thousand tons per year have been
developed. In addition to utilizing restaurant veastl as common materials, plantation of
Jatropha curcas, Pistacia chinesis Bunge, and othglants has been established. According to a
statistics, by the end of 2007, about 20 biodiesgipanies with thousands tons annual production
capacities have been installed, most of them pmtiadiesel from waste oils. (See Table 5-8). In
spite of the available “Recommended diesel engire dnd biodiesel (B100) standard issued in
2007, there is still no technical code for mixingsgil diesel with biodiesel for vehicle, nor
biodiesel is included in the vehicle sales systathproduced biodiesel product is sold to local
mining company users and little to fuel sellers.

Table 5-8 Established major biodiesel facilitie2007

Capacity ;
Biodiesel producer Location Feedstock Technical
10't/year process
Chemical
Longyan Zhuoyue New Ener Fujian solid
gy y 9y J 5 Sewage oil catalyzing,
Co.Ltd Longyan .
continuous
production
Chemical
. . . . solid
Xiamen Zhuoyue Biomass Fujian Sewage oil, .
. 5 . catalyzing,
Energy Co. Ltd Xiamen hogwash oil .
continuous
production
Enzyme
Haina Baichuan Hunan > Sewage oil, | fermentation
Bioengineering Co. Ltd Yiyang hogwash oil | & continuous
production
Enzyme
Shanghai 10000t/y Enzyme . .| fermentation
Biodiesel Facility Shanghai 1 Sewage oil & continuous
production
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Liquid acid &
Sanshui Zhenghe Refinery | Guangdong > Sewage oil alkali method
Chemicals Fuoshan 9 & continuous
process
Liquid acid &
Sichuan Gushan Lipin Sichuan 3 Sewage oil alkali method
Chemicals Co. Ltd Mianyang 9 & continuous
process
Wuxi Huahong Biofuels Co. | Jiangsu .
Ltd WUxi 2 Sewage oil NA
Zhejiang Dongjiang Energy | Zhejiang .
Technology Co. Ltd Tongxiang 5 Sewage oil NA
Liuzhou Minghui Biofuels Co.| Guangxi 24 W;?:tgilljrggm NA
Ld Liuzhou oil, Oliver oil
Henan Xinghuo Biomass Henan .
Energy Co. Ltd Shangqgiu 5 Waste oil NA
Beijing Gushan Lipin .
Chemicals Co. Ltd Beijing 5 Sewage oil NA
Southwestern Aviation
Technology Group Biodiesel| Guiyang 2 Sewage oil NA
Co. Lt
Zhongshui Biodiesel Co. Guiyang 2 Sewage 0Oi NA
Sewage ol & Solid alkali
Yuanhua Energy Technology 4 catalyzing &
(Fujian) Co. Ltd Fuzhou 6 Jatrop(?i? CUICas  continuous
process
Total capacity — 47.4 — —

To promote biodiesel industry development in Changyoup of biodiesel from oil plant and
waste oil demonstration projects were subsidizedNDYRC's special fund program for biomass
technologies in 2006. In the early 2007, Sinoped @OFCO signed with National Forestry
Administration on joint efforts in developing fotgs biomass energy applications and launched
biomass energy plantation bases. According to gineesnent, energy plantation bases in Yunnan,
Sichuan, Hunan, Anhui, Hebei, and Shannxi planlamtp200 million MU energy forest in the
coming 15 years. In 2007, NDRC approved 3 biodidésmh Jatropha curcas demonstration
projects invested by the three major Chinese @ihtgi, which include China CNPC Nanchong
refinery’s 60,000t/y biodiesel project, Sinopec Bwu 50,000t/y biodiesel project, and China
Ocean Oil Hainan’s 60000t/y biodiesel facility.

5.4.2.3 Technical Obstacles

One of the principal obstacles for biodiesel prdituncis short of sustainable supply of olil
feedstock. Lack of satisfactory catalyst also affédodiesel capacity.

According to industrial estimate that by 2007 theere hundreds of large or small biodiesel
producers in China, most of them were just stagetll workshops using waste oil as raw
materials. Due to the small production capacity landed waste oil resources, and lack of mature
oil plantation bases, only few of the biodiesel pamies can have scaled and continuous
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production practice. Among the reasons, firstlyalde waste oil collection channels have not
been established. There is lack of stable andcserdfti waste oil supply. Furthermore, energy
plantation, management and scale development mesdhte some technical problems. Current
supply from energy crops are constrained by limgeale, low yield, dispersed distribution, rough
management, and unsatisfactory breading, plantamg, harvesting techniques. For example,
jatropha curcas utilization is still at natural sigs selection and early breeding. R&D activities
are concentrating on biological characteristicsnegeanalysis, adaptability analysis, and
productivity. Stable production is far from praetficin addition, as most biofuel feedstock comes
from agriculture and forestry, agricultural prodantin China is still rely heavily on natural

conditions. Therefore, production and product duavill be dependent on weather conditions. in
particular, current biodiesel from waste oil andpdants may have problems of biodiesel quality
and standardization. Even biodiesel from Jatropiieas can have different product qualities with
diversified specifications on fatty acids, iodidéssociate fatty acids, and saponification values.

In terms of technical process, lack of excellertblgats can affect biodiesel quality, yield,
feedstock adaptability, and on production environiné-irst of all, homogeneous catalysis is
currently most common biodiesel technical prociesgihich alkali or acid catalysts are often used.
Homogeneous acid and alkali-catalyzed transestatifin techniques become mature in the US
and European market, even though some advantagesroplicated process, high cost, high
energy consumption, and difficulty in separatintabest residues with yields, as well as pollution
problems. Furthermore, although heterogeneousysaialocess satisfactorily solve the separation
problem and reduce pollutant, however there is h® Hest industry applicable heterogeneous
catalyst available. Further research and developrmeenindustrially applicable catalysts is
required. In addition, catalyst technique can haide choices on feedstock, including plant oil,
waste oil, and even sewage oil and hogwash oil, leticthermore, enzymatic synthesis for
biodiesel has technical advantages of adaptab&tioaacondition, small amount of alcohol, easy
separation of catalyst with vyield, glycerol recyid&s and no pollutant discharges, etc.
Comprehensive utilization of resources during kesdl production can be very important for
reducing technical cost and therefore become aworitaupt research area. The enzymatic synthesis
for biodiesel can achieve high yield. But the teghe encounters high cost and difficulties in
scale production. Many technical obstacles exist r@guire further study. Finally, super critical
synthesis technique uses methanol to react withalrfat at super critical temperature conditions,
which has advantages of much faster reaction speitldout catalyst, and efficient fatty acid
synthesis. Therefore the technique enjoys fast gzxc suitability for feed stocks, simple
purification, and high fatty acid yield, as well agnple process and environmentally friendly
characteristics. It can be a promising future ahtecal development.

5.4.3 Assessment for technology development trends

Based upon the above mentioned assessment methisdgport will analyze the status and
development trends for various biomass energy t@dobres including ethanol from cassava,
sweet sorghum, cellulose feedstock and biodieseh fivaste oils, jatropha curcas. Based on the
analysis, these technologies are evaluated for tteielopment trend assessment scores as for
2008, 2015, and 2020 respectively.

Table 5-9 Assessment of liquid biofuel technologgtatus and future trends

Year Ethanol | Ethanol Ethanol o Biodiesel
Technical from | from sweet from Biodiesel
cassava| sorghum | cellulose ¢ From
developme rom
t _ Jatropha
n waste oils
curcas
2008 | Maturity 16 8 8 24 8
Obstacles 25 25 0 40 25
PR 20 20 0 20 10
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ownership
Total 61 53 8 84 43
2015 | Maturity 32 24 16 32 16
Obstacles 4( 40 15 40 25
IoF\)NRr)\ership 20 20 10 20 10
Total 92 84 41 92 51
2020 | Maturity 40 32 16 40 32
Obstacles 4( 40 25 40 25
stiership 20 20 20 20 20
Total 100 92 61 100 77
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Figure 5-25 Assessment result of liquid biofuethtelogy status and future development

According the above figure, the assessment sfmrdiodiesel technology is higher than
ethanol technologies and cellulose ethanol andghat curcas biodiesel ranked the lowest, mainly
due to the lack of cost effective cellulose prepssing techniques, hydrolyzation, and jatropha
curcas plantation management techniques. It isategehat by 2015, the technical process for
waste oil biodiesel and ethanol from cassava tdoies will become mature. By 2020, biofuel
technologies will be developed for commercial agdions while ethanol from cellulose
feedstock shall be in commercial demonstrationestag
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6. Benefit analysis for the technology roadmap

Benefit assessment include analysis on cost effawtiss, environmental benefit, and social
benefit, both status and future development.

6.1 Benefit assessment for agricultural and forestry lmass for energy technologies

6.2 Investment and cost analysis

Economic feasibility of biomass technology is cati for wide applications. This report
analyzed the detailed investment and cost effentise of biomass technologies. Take the
example of power generation from biomass directlmastion, the average unit kW investment
reduced from 9500 Yuan/kW in 2008 to 8075 Yuan/kwWd ghe cost reduced from 0.639
Yuan/kWh in 2008 to 0.563 Yuan/kWh in 2020.

Table 6-1 Biomass fuel power generation investraedtcost changes

Indicators 2008 2015 2020
Investment (Yuan/kW) 9500 8550 8075
Cost (yuan/kwh)

Labor cost 0.049 0.056 0.064
Fuel cost 0.443 0.391 0.486
In which : biomass cost 0.434 0.382 0.478

Financial cost 0.022 0.020 0.019
Depreciation cost 0.111 0.100 0.095
Maintenance cost 0.003 0.003 0.002
Other cost 0.011 0.011 0.011
Operating cost 0.506 0.460 0.563
Total cost 0.639 0.580 0.676

The following table 6-2 gives agricultural and fetry biomass power generation investment
and production cost trends, as well as comparisotoal generation cost, while the figure 6-1
shows the cost changes of various biomass enesjpdéogies.

Table 6-2 Investment and cost trends of energyymiieh from agricultural and forestry residues

Technologies Unit 2008 2015 2020
Investment
Direct combustion Yuan/kw 9500 8550 8075
Biomass gasification Yuan/kwW 8500 7650 6800
Co-firing generation Yuan/kW 600 540 540
Pellet fuels Yuan/ton 621 497 435
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Biomass Yuan/ton 674 590
L 843
carbonization
Cost
Direct combustion Yuan/MWh 639 522 609
Biomass gasification Yuan/MWh 624 495 446
generation
Co-firing generation Yuan/MWh 357 319 321
Pellet fuels Yuan/ton 482.1 465.8 456.0
Biomass Yuan/ton 646 615 587
carbonization biomass
Cost comparison to coal generation
Direct combustion % 128.2 69.6 81.1
Blomas_s gasification] % 122.9 60.6 32.8
generation
Co-firing generation % 27.3 3.5 -4.6
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Figure 6-1 Cost trends of energy production fromcadfural and forestry residues

The increase in cost for direct combustion genanais mainly due to wage increase in
addition to cost miner increase of biomass fueleweler the per unit capacity investment
reduction help cost reduction and improved efficieand hence counteract cost effect and make

total cost lower than that in 2008.

6.2.1 External benefit analysis

To look at advantages and disadvantages of a b@oitefinology, we need not only to
analyze its economic achievement (cost) but aledoinefits created by the technology in terms
of social and environmental contributions. As thentass technologies analyzed in this report
involve rural economy and farmer income, socialdfigs of the technologies need to be fully
considered, while the social and environmental fisnare analyzed quantitatively in order to
obtain project economy, environmental benefit, @obienefit, their current status and future

trends.
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Table 6-3 Benefits from agricultural and foresigidues for energy technologies

Indicators Year Direct Gasification| Co-firing Biomass | Carboniz
combustion | generation | generation| pellet fuels| ation
generation

Project capacity | 2008 19.5 3.4 14.6 1.2 3.0
104t biomass fue] 2015 17.2 2.9 14.6 1.2 29
/project
2020 14.3 2.5 14.6 1.2 2.7
Employment 2008 105.6 106.7 102.3 182.6 120.¢
(persons/104t | 2015 81.4 83.0 77.3 156.5 126.3
biomass fuel)
2020 67.7 69.4 62.3 182.6 133.3
Farmer income | 2008 24000.0 21600.0 21600.0 21160. 18400.0
2015 24000.0 21600.0 21600.0 21160. 17480.0
(Yuan/person.yea
2020 24000.0 21600.0 21600.0 21160. 16560.0
Environmental | 2008 0.77 0.70 1.15 0.29 0.19
benefit
2015 0.87 0.84 1.15 0.29 0.19
(ton CQy/ton
biomass fuel) 2020 1.05 0.98 1.15 0.29 0.21
Energy benefit | 2008 0.3 0.2 0.4 0.4 0.3
(tce/t material)
2015 0.3 0.3 0.4 0.4 0.3
2020 0.4 0.3 0.4 0.4 0.3

6.2.2 Overall benefit analysis

Economic achievement, environmental benefit andab@ontribution will be evaluated by

using the method described in Chapter Il. Follonasgessment results are derived.

Table 6-4 Benefit assessment result for agriculamd forestry residues for energy technologies

Technology Direct Gasificatio Co-firing with Pellet Carbon
. n coal fuel i
Combustio
n zation
2008 total score 30 31 68 73 37
Resource collection 0 88 27 100 90
Economy 0 5 100 90 66
Employment 4 5 0 100 22
Farmer income 100 57 57 49 0
Environmental 60 53 100 10 0
benefit
Energy benefit 12 0 78 100 25
2015 total score 22 32 74 64 20
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Resource collection 0 14 100 55 12
Economy 5 7 0 100 62
Employment 100 63 63 56 0
Farmer income 71 67 100 10 0
Environmental 8 0 71 100 1
benefit
2020 total score 29 50 66 63 55

Resource collection 2 90 0 100 89
Economy 0 49 87 52 100
Employment 4 6 0 100 59
Farmer income 100 68 68 62 0
Environmental 89 81 100 8 0
benefit
Energy benefit 33 13 63 100 0
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Figure 6-2Assessment of benefits from crop residues for griexchnologies

According to the above figure, direct combustiolniass power generation technology,
which consumes the most crop residues and appligelywin China, is evaluated as the poorest
economy technology, while the most difficult cafiy power generation technology ranked
second and far ahead to the second. The most iampogason for the assessment result lies in the
technology maturity. However, the metering systes critical for co-firing technology
applications for subsidy policy implementation. Tinesuccessful development of the metering
system hindered the co-firing technology. On théepothand, because direct combustion
technology is relatively mature, although it is &weconomic strength than the co-firing, it
develops much faster than co-firing technology.

In addition, along with continuous technology brba&ughs, overall economic performance
of gasification and carbonization technologies beeoincreasingly improved, especially the
carbonization technology is expected to be widggliad as mature technology after 2015, by
then its economic performance will surpass thefigasion power generation.

Through the above investment, cost and external pfarmance analysis, the following
conclusions can be derived:
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1. Technology investment for energy from crop residuiigend to decrease with time.
2. Production cost of crop residue biomass technolatiyend to going down.

3. It is expected that by 2015 all the three majomntzies power generation technologies will be
lower than the cost of coal generation. This edemehows the economic feasibility of
applying the biomass power generation technologies.

4. Biomass technologies of applying agricultural awdestry residues for energy not only
provide energy product but also achieves positiwérenmental and social benefits.

5. The environmental benefit of agricultural and fonediomass will add more values along
time.

6. With increased usage of biomass collection machjrsarcial performance of agricultural and
forestry biomass technologies can be weaken. Howeagh biomass technology project will
continue to provide job opportunities in rural aeahich will benefit for rural economy and
more farmer income.

6.3 Technology benefit assessment for livestock farm wgte for energy technologies

6.3.1 Investment and cost analysis

By analyzing grid-in and off power network biogaswer generation technologies,
investment and cost performance of the technolagieepicted in the following table. It shows
that cost of both the technologies will continuedtecrease. The cost of grid connection biogas
power generation technology will decrease by 18%@ the cost of off-grid biogas power is
expected to decrease by just around 8%.

Factors for the cost reduction are mainly becabse ih-grid biogas power generation is
usually large in capacity and the engine generalstems are far more powerful than
off-networked systems. Along with improved techmids and techniques, efficiency of large
turbine systems will be increased greater thansthall systems so that in-grid biogas power
generation technologies will be more efficient thia@ off-line technology and so cost reduction.

Table 6-5 Livestock farm biogas generation techgyloost and future trends

Technologies Unit 2008 2015 2020
Investment
In-grid plogas Yuan/kwW 31100 24900 20200
generation
Off-grid _blogas Yuan/kwW 25900 22100 18200
generation

Operational cost

In-grid biogas Yuan/MWh 1.101 0.906 0.830
generation
Off-grid biogas Yuan/MWh 1.328 1.275 1.223
generation

Comparison to coal generation

In-grid b_|ogas % 293.33 194.18 147 11
generation
Off-grid biogas % 374.23 314.12 264.02
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generation

6.3.2 External benefits

Livestock farm biogas power generation projectsroatronly achieve economic performance
but positive environmental and social benefits,eeily for more job opportunities and more
farmer income in rural areas in China. Comprehendbenefits of both technologies are
demonstrated in the following table.

Table 6-6 Livestock farm biogas project benefitsegsment

8 br Year In-grid biogas powen off-grid bioga_s power
generation generation

Project size 2008 9.77 0.38
(10t biomass/project) 2015 8.94 0.38
2020 8.69 0.38
Jobs provided 2008 1.53 13.32
(jobs/10t biomass) | 2015 1.68 13.32
2020 1.73 13.32
Environmental benefit| 2008 0.10 0.10
(ton CQ/ton biomass)| 2015 0.11 0.10
2020 0.12 0.10
Energy performance 2008 0.03 0.03
(tce/t biomass) 2015 0.04 0.03
2020 0.04 0.03

6.3.3 Overall benefit analysis

By using the assessment method indicated in thdomed, biogas power generation
technologies are scored in terms of their econgmidormances, environmental benefits, and
social benefits as in the following table.

Table 6-7 Assessment scores of livestock farm lsiggajects

Technologies Grid-connected biogas off-grid bioga_s power
power generation generation

2008 total score 65.0 15.0
Resource collection 100.0 0.0
Economy 100.0 0.0
Employment 0.0 100.0
Farmer income 0.0 0.0
Environmental benefit 100.0 0.0
Energy performance 100.0 0.0
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2015 total score 80.0 20.0
Resource collection 100.0 0.0
Economy 100.0 0.0
Employment 0.0 100.0
Farmer income 0.0 100.0
Environmental benefit 100.0 0.0
Energy performance 100.0 0.0

2020 total score 80.0 20.0
Resource collection 100.0 0.0
Economy 100.0 0.0
Employment 0.0 100.0
Farmer income 0.0 100.0
Environmental benefit 100.0 0.0
Energy performance 100.0 0.0
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Figure 6-3 Benefit assessment result of livestacknfbiogas power generation technology

From the above figure and data we can see thaiugjththe comprehensive performance of
grid connected biogas power generation was bettm the off-grid technology in 2008, the
current applications of in-grid systems are faribeéhstand-along projects. One of the major
reasons is to lack of technical codes and immaaatenology that affected grid connected system
development. Along with the elimination of techrhieamd legislative obstacles, grid-connected
biogas power generation technology will developefathan the off-line systems.

The following conclusions are derived from comprehgsive benefit analysis:

1. Both of the livestock biogas power generation tetbgy will decrease their investment and
cost by 35% and 30% respectively. However, by 2@26€ir investment will still be higher
than the conventional power technology.

2. Cost of both in-grid and off-grid livestock biogaswer generation technologies will be going
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down by 2020, but slower than the decrease of ppadty investment. By 2020, both
production costs of the biogas generation technedogill still higher than the cost of coal
generation by 141% and 264% respectively.

3. If only considering cost effective performance,btte technologies will still less competitive
in the power market.

4. Application of the livestock farm biogas power geton technologies will benefit
alleviation of green house gas emission and aaid(&02) damage significantly.

5. The technology employment will help to provide @fint and clean household fuel and
benefit improvement of rural life quality and cabtite to China’s rural development
program.

6. Because the grid-connected biogas power generatmology will have better performance
than the off-network system, it should be encowlajeareas applicable.

7. No matter applying what livestock farm biogas powgstems, fuel gas supply at rural areas
should be prioritized. This will not only improvedal farmer life quality but also help project
economic performance.

6.4 Solid waste for energy technology benefit assessnen

6.4.1 Investment and cost analysis

From the following table 6-8, we can see that awoistsolid waste incineration power
generation technology will continue to going downi electricity from landfill gas will become
more expensive.

The cost reduction of solid waste incineration @cbjs due to the improved techniques and
manufacturing so that power generation productigday be improved continuously. Along with
larger industrial market, cheaper equipment wilbabring about production cost reduction.

China encounters scarce land resource especiallsbah areas. Landfill construction needs
large areas of expensive land. In addition, pahutf landfill site to underground water and soil
has drawn greater attention. This requires sophistil landfill field construction techniques and
results in more expensive landfill site construti@md management.

Table 6-8 Solid waste power generation technolagy and changes

Technologies Unit 2008 2015 2020
Investment
Solid waste Yuan/kw
incineration power 2.49 2.12 1.87
generation
Landfill gas power Yuan/kW 1.04 208 311
generation
Cost

Solid waste Yuan/MWh 0.404 0.297 0.232
incineration power
generation
Landfill gas power Yuan/MWh 0.270 0.475 0.680
generation

Comparison to coal generation
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Solid waste -3.55
incineration power % 44.33 -30.89
generation
Landfill gas power % 368 54.23 102.50
generation

6.4.2 External benefits

The priority of solid waste power generation liesrenin environmentally friendly waste
treatment than energy supply. Therefore environatetd social performance will become more
important. The table 6-9 is a analysis result omm@hensive benefits of the two solid waste

power generation technologies.

Table 6-9 External benefits of power generatiomfsmolid waste

Performance Indicators  Year Incineration Landfill gas
Project size 2008 37.27 45.87
(10% biomass/project) 2015 33.88 41.70
2020 33.88 41.70
Jobs provided 2008 2.15 21.80
(jobs/1dt biomass) 2015 2.36 23.98
2020 2.36 23.98
Environmental benefit 2008 0.35 0.03
(ton CQ/ton biomass)| 2015 0.38 0.02
2020 0.38 0.02
Energy performance 2008 0.12 0.01
(tce/t biomass) 2015 0.13 0.01
2020 0.13 0.01

6.4.3 Comprehensive benefits

By using the assessment method indicated in thi#éoeelt, solid waste power generation
technologies are scored in terms of their econgmidormances, environmental benefits, and
social benefits as in the following table.

Table 6-10 Comprehensive benefits of power germrditom solid waste

Technologies Incineration Landfill gas
2008 total score 20.0 60.0
Resource collection 0.0 100.0
Economy 0.0 100.0
Employment 0.0 100.0
Farmer income 0.0 0.0
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Environmental benefit 100.0 0.0
Energy performance 100.0 0.0

2015 total score 70.0 20.0
Resource collection 0.0 100.0
Economy 100.0 0.0
Employment 0.0 100.0
Farmer income 0.0 0.0
Environmental benefit 100.0 0.0
Energy performance 100.0 0.0

2020 total score 70.0 20.0
Resource collection 0.0 100.0
Economy 100.0 0.0
Employment 0.0 100.0
Farmer income 0.0 0.0
Environmental benefit 100.0 0.0
Energy performance 100.0 0.0
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Figure 6-4 Assessment result of solid waste poweegation technologies

By the end of 2009, a total of 78 solid waste ircation power plants have been developed
with annual waste treatment capacity of 10 millions, accounting only for 7% of total municipal
solid waste yield each year. Currently, the ovdpalefit of the incineration facilities, especially
the economic performance, is much lower than ldinglfiwer generation technology. By mature
incineration technology developed and efficient afanturing industry, and more expensive land
cost and tougher environmental protection regutatigolid waste incineration power generation
will become more attractive than the landfill gasver generation technology. It is expected that
by 2015, more incineration generation capacitidsbeiinstalled than landfill gas systems.

The analysis is summarized as follows:

1. It has been noted that investment and productishafcthe two solid waste power generation
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technologies shall change to inverse trends irfiutuze.

2. By 2020, project investment for solid waste incaiem power generation will be going down
by 25% and power generation cost will decrease 3%.4By 2015, compared with coal
generation, incineration power cost will be at ddeeel and by 2020 the cost will be 30%
lower than coal generation.

3. By 2020, landfill gas power generation project stmeent will be three times higher than that
in 2008, mainly because of more expensive land. ddstrefore, the landfill gas power cost
will also increase by 2.5 times, which is twicecofl generation compared to the similar cost
in 2008.

6.5 Evaluation of liquid biofuel technology benefits

6.5.1 Investment and cost analysis

From the following table 6-11, investment in liquiibfuel technology has a tendency of
decreasing, while ethanol from cellulose feedstwitkhave the largest investment cost reduction
and least reduction for ethanol from cassava aodidsel from waste oil technologies. It is worth
to note that by 2020, cellulose ethanol and jateoplrcas biodiesel technologies will have strong
competitiveness in the biofuel market in termsmfgct investment.

Operational cost of various liquid biofuel techrgies will also tend to decrease
significantly. By 2020, fuel ethanol from sweet glmum will have the lowest operational cost,
while cellulose ethanol and jatropha curcas biaiesll still expensive in operation though
project investment is low. Therefore we expect thatlatter two liquid biofuel technologies will
still be less competitive for commercial operation.

In the overall table, by 2020, the overall cosetifanol from cassava, sweet sorghum, and
biodiesel from waste oils will be lower than fosgdsoline and diesel products, while cellulose
ethanol and oil plant biodiesel will be more expemshan the respective fossil fuels. This shows
that even by 2020, the latter two liquid biofuethrologies will still have cost obstacles for
commercial projects. From the national policy paifitview, economic incentive policies are
necessary for cellulose ethanol and plant oil leiseli technologies.

Table 6-11 Liquid biofuel technology investment aadt changes over future years

Year 2008 2015 2020

Investment (10 Yuan/10t product)
Cassava ethanol 3686 3391 3207
Sweet sorghum 6846 5819 4792
ethanol
Cellulose ethanol 5266 4213 3160
Biodiesel from 3686 3502 3318
waste oils
Biodiesel from 3686 3502 3318
Jatropha

Total cost (Yuan/t product)

Cassava ethanol 5141 5033 4048
Sweet sorghum 4452 4060 3909
ethanol
Cellulose ethanol 7940 7812 6746
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Biodiesel from 5963 5821 5681
waste oils
Biodiesel from 7081 6901 6723

Jatropha

Comparison to gasoline and diesel (%)

Cassava ethanol 29 1 -33
Sweet sorghum 11 19 35
ethanol

Cellulose ethanol 98 56 12.4
BlodleS(_eI from 49 16 5
waste oils

Biodiesel from 77 38 121

Jatropha

6.5.2 External benefit analysis

Industrial development of liquid biofuel will nohty provide energy products, but positive
economic, social and environmental benefits, egfigen providing job opportunities for local
farmers. The overall benefits of liquid biofueldieie summarized in the following table.

Table 6-12 External benefits of liquid biofuel tedfbgies

Sweet Biodiesel | Biodiesel
Cassava Cellulose
Indicators Year othanol sorghum othanol From From
ethanol waste oils | Jatropha
Project size 2008 142.86§ 10.00 2.14 5.32 6.38
(10t biomass/project) 2015 125.00 8.00 1.5D 5.26 6.82
2020 117.65 7.14 1.2D 5.21 6.25
Jobs provided 2008 89.61 47.78 143.72 67.51 88959
(jobs/10t biomass) 2015 102.41 59.72 205.32 68.23 89906
2020 108.81 66.89 256.65 68.95 90852
Environmental benefitf 2008 0.23 0.0§ 0.28 1.56 1.56
(ton CQ/ton biomass) 2015 0.27 0.10 0.38 1.58 1.58
2020 0.28 0.12 0.42 1.59 1.59
Energy performance | 2008 0.15 0.05 0.1% 2.07 2.07
(tce/t biomass) 2015 0.17 0.07 0.21 2.09 2.09
2020 0.18 0.07 0.26 211 211

6.5.3 Assessment of overall benefits

By using the assessment method indicated in thi&gorelt, liquid biofuel technologies are
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scored in terms of their economic performancesirenmental benefits, and social benefits as in

the following table.

Table 6-13 Overall liquid biofuel technology betfi

Sweet Biodiesel Biodiesel
Cassava Cellulose
Technologies sorghum From From
ethanol ethanol
ethanol waste oils Jatropha

2008 total score 59 59 41 62 60
Resource collection 0 94 100 98 97
Economy 80 100 0 57 25
Employment 64 100 70 0 99
Farmer income 100 0 99 62 34
Environmental benefit 5 0 5 100 100
Energy performance 5 0 5 100 100
2015 total score 47 60 29 70 68
Resource collection 0 95 100 97 96
Economy 74 100 0 53 24
Employment 62 100 71 0 96
Farmer income 100 0 99 88 87
Environmental benefit 6 0 6 100 100
Energy performance 5 0 5 100 100
2020 total score 49 62 20 64 59
Resource collection 0 95 100 97 96
Economy 95 100 0 38 1
Employment 58 100 71 0 90
Farmer income 39 21 0 93 100
Environmental benefit 6 0 10 100 100
Energy performance 5 0 9 100 100
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Figure 6-5 Assessment result of liquid biofuel temlbgies
The quantitative analysis is summarized as follows:

1. In 2008, among all the liquid biofuel technologi&spdiesel form waste oils had the best
overall performance, which match the case of cturipgfuel development. Without government
incentives, biodiesel from waste oils has been ldpeel to certain production scale based on
projects developed by Chinese enterprises. Satisfaeconomic performance of the projects can
be a main driving force. It is considered that elbgr2020, the technology will still be leading the
overall benefits and we can expect that the tedgyolwill continue its fast development.
Although only about 2 million tons of waste oil oesce available each year, increasingly more
part will be used to produce biodiesel in the fatur

2. In 2008, ethanol from sweet sorghum and ethanat rassava performed equally. But by 2020,
we expect that sweet sorghum ethanol will haveebgterformance than cassava fuel ethanol.
There are two reasons to support this expectafinst, sweet sorghum has greater resource
potential by large scale plantation. Scale indusény be expected. Second, sweet sorghum can be
planted in salt and alkali land with low producticost. Therefore it is assumed that by 2020 the
industrial size of sweet sorghum ethanol will ldygrirpass the ethanol production from cassava.

3. Compared to production in 2008, biodiesel fraatrapha curcas will have reduced overall
benefit by 2020, mainly due to increased labor.clbssgeneral, the overall performance of the
technology will still ranked high among other biefuechnologies. Future development can be
very positive.

7. Technology development roadmap

7.1 Resource availability

By 2020, 360 million tce biomass resources willawailable each year in China. To fulfill
the biomass energy target, 179 million tce bionessrgy resources will be required, which is
50% of the total resource availabl€herefore, we can conclude that sufficient biomass
resources can support the 2020 biomass target.

Table 7-1 Available biomass energy resources

2015 2020
Total resource Required Total resource | Required
% %
availability resources availability resources
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(10'tce) (1Gtce) (1Gtce) (1Gtce)

Crop residues 24700 3337 13.51% 24700 9743 39.44%
Livestock waste 5513 1980 35.91% 6621 3621 54.68%
Solid waste 2757 1966 71.30% 3314 3259 98.34%
Feedstock for

459 355 77.27% 1038 1012 97.45%
Fuel ethanol
Feedstock for

294 198 67.56% 416 266 64.06%
biodiesel
Total 33723 7836 23.24% 36089 17901149.60%

From the percentage of required resources in ttad available resources in figure 6-1, we
can see that biomass for energy applications haegsified resource utilizations. Large amount
of municipal solid waste and livestock waste aiibzatl by 2020. This follows the principle of
resource priority. Treatment of livestock dejectal airban garbage to energy is the priority in
future biomass technology development. For liquidfuzl technologies, fuel ethanol from
non-grain feedstock will be a major applicationekyy plantation for the biofuel feedstock will
be specially developed and provide more resourrehé technologies.
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Figure 7-1 Biomass resource demand and availability

7.2 Technical routes

Figure 7-2 illustrated rankings on technical amilons of various biomass energy
technologies. From the figure we can see that 12020l the biomass technologies will converge
to the score of 100, i.e. technical obstacles efittomass technologies will be eliminated and a
complete biomass technology system will be estadédisin China. Applications of the biomass
technologies will support the biomass industry digwaent objectives.
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Figure 7-2 Overall biomass energy technology deprekent and trends

The analysis on biomass technology status andefutarvelopment will be summarized as
follows:

Biomass energy industry in China is just developedarly stage. Technical obstacles exist
for all the biomass technologies. These technibataxles affected biomass industry development
in China.

1. Before 2012, R&D activities will focus on some wal technologies and manufacturing
techniques, such as biomass direct combustionrbpieal-biomass co-firing metering
system, MW grade fuel gas engine systems, etc.

2. By 2015, except few biomass technologies such elsethhanol from cellulose, most of
the biomass technologies will complete R&D and destrations and are ready for
industrial applications.

3. From 2014 to 2015, most of the biomass technologittde at application promotion
period. Meanwhile, relevant standards and techriodes, as well as manufacturing
capacities will be greatly progressed. A biomas$irtelogy system will be gradually
established in China.

4. From 2015 to 2020, this will be a fast developmmsrtiod for biomass technologies in
China. The biomass technologies will form theihestcompleted technical system.

5. Liquid biofuels (cellulose ethanol, biodiesel)

Table 7-2 illustrated biomass technology developgrtieretable.
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Table 7-2 Existing biomass energy technology dgpakent timetable

Critical technologies 2010 2011 2012 2013 2014 2015 2020
H_|gh-temp_erature and. hlgh_ pressyrg o Pilot and demonstration Industrial
biomass direct combustion boilers deployment
Biomass co-firing metering instrument R&D on prgpmw systems Demonstration projects Industrial
deployment

. : . Industrial

Biogas fuel technology R&D Demonstration projects deployment
. - . . ) 1MW  turbine
Large capacity and efficient biog AS 500_KW turbine  system cthW system demonstration system
generator systems international advanced level d
eployment

Grid integration technique for smallGrid integration and technical standards for small . . Industrial

. . Demonstration projects
biomass power systems biomass power systems deployment

Biomass gasification and fuel 98, . . Industrial
. emonstration projects completed
cleaning technology deployment
Continuous  biomass  carbonizatipn R&D and Demonstration projects| Demonstration projects Industrial
system deployment
Carbonization yield comprehensi 8D Demonstration proiects Industrial
utilization technigues and equipment Pro) deployment
Biomass pellet fuel techniques National demonstration project atndustrial
P q different areas for typical feedstock | deployment

Landfill leakage treatment technique§&D Demonstration proiects Industrial
and equipment bro) deployment
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Biomass fuel 'collectlon, storage and Develop and manufacture systematic biomass calleetnd storage machineries Industrial
transport machines deployment

Commercial demonstration of sweet sorghum and ewassthanol technique

Fuel ethanol Commercial demonstration of ethanol from cellulfestdstocks.

>Industrial deployment

- . Complete system of waste oil collection, utilizati@and industria] Promoting waste oil utilizatiof
Biodiesel from waste oils

management. technology
A ' Jatropha plantation bases and demonstration. Bieldigroduction from Jatrophalndustrial
Biodiesel from oil plants
curcas. deployment
New biofuels R&D _ Industrial ~ demonstration Industrial
projects deployment

Commercial demonstration of sweet sorghum and ewasshanol technique

5. .
Commercial demonstration of ethanol from cellulfeststocks. Industrial deployment

Ethanol from cellulose feedstock
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7.3 Benefit analysis

By 2020, above biomass energy technologies wildé&eeloped to a mature stage and can
support China’s biomass energy objectives. Howegeale development of the biomass
technologies will not only depend on technical matubut their economic and external benefits
in the market.

According to the assessment method described ins#dation Il, technology overall
performance scores are obtained as in the followdbte 7-3. Based on the data obtained, overall
benefit development variations are depicted irfithae 7-3.
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Figure 7-3 Biomass energy technology benefits ahadé¢ trends

The analysis is summarized as follows:

1. By 2020, overall performance of most of biomassrgndechnologies will be improved
(benefits of most of technologies are satisfactdviarket deployment of the biomass
technologies is possible.).

2. By 2020, overall performance of biomass direct costion power generation can be the
same with that in 2008, mainly due to worsen ecaoagrarformance, while the energy and
environmental benefit can be better.

3. Landfill gas power generation will encounter siggaht performance down because higher
land cost results in poorer project economy anidtstrenvironmental regulations increases
project investment and hence results in less ecanachievement.

4. Solid waste incineration power generation will haaech better overall performance and
become a dominant technology in China’s municipitisvaste treatment for energy.

5. Co-firing generation will have greater overall mgrhance than direct combustion. Once the
metering obstacle is solved, the technology wildmee a mainstream for scale deployment of
crop biomass power generation.

6. By 2020, overall performance of crop residue bisnassification and carbonization
technologies will be significant and become a pdwedriving force for rural energy
solutions of efficient and clean fuel.

7. Development of biomass energy technologies shalldw the principle of fully utilizing
81



Biomass Technology Roadmap ERI, NDRC

local resources. Based on available biomass ressudevelopment plan should also consider
local economy and social development, farmer incoweather conditions, transportation,
and environmental protection.

When local biomass resources can support multipthriologies, they must be selected
according to overall performance. For example, dap residues for energy technologies,
priority technologies should be co-firing, pelleief, carbonization, gasification generation,
and direct combustion. For livestock waste resquinegrid biogas power generation

technology should be firstly considered. And sel@bte incineration power generation should
be the top technology for municipal solid wastentéss energy alternatives.

82



Biomass Technology Roadmap

ERI, NDRC

Table 7-3 Overall benefit assessment for biomasgggriechnologies

Technology Direct | Gasification| Co-firing | Pellet fuel| carbonization
power power In-grid Off-grid biogas| Solid waste Landfill gas
combustion generation biogas power power incineration generation
2008 30 31 68 73 37 65 15 20 60
Resource 0 88 27 100 90 100 0 0 100
collection
Economy 0 5 100 90 66 100 0 0 100
Employment 4 5 0 100 22 0 100 0 100
Farmer income 100 57 57 49 0 0 0 0 0
Eg:]/ggtnmental 60 53 100 10 0 100 0 100 0
Energy 12 0 78 100 25 100 0 100 0
performance
2015 22 32 74 64 20 80 20 70 20
Resource 0 89 16 100 89 100 0 0 100
collection
Economy 0 14 100 55 12 100 0 100 0
Employment 5 7 0 100 62 0 100 0 100
Farmer income 100 63 63 56 0 0 100 0 0
kIir;r\]/:argtnmental 71 67 100 10 0 100 0 100 0
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Energy 8 0 71 100 1 100 0 100 0
performance

2020 29 50 66 63 55 80 20 70 20
Resou_rce 2 a0 0 100 89 100 0 0 100
collection
Economy 0 49 87 52 100 100 0 100 0
Employment 4 6 0 100 59 0 100 0 100
Farmer income 100 68 68 62 0 0 100 0 0
Enwrc_mmental 89 81 100 8 0 100 0 100 0
benefit
Energy 33 13 63 100 0 100 0 100 0

performance

84




8. Supporting measures

8.1 Resource investigation and development plans

Biomass resource investigation on availability, peting uses, and resource distribution will
be fundamental for biomass energy development.vBeteadministrations should make prompt
efforts in scientific and systematic biomass reseumvestigation and assessment in order to make
comprehensive biomass development plans, definectigs and targets, and guide rational
resource exploitations in the future.

To ensure implementation of the national stratelgywithout competing use of arable land
and without affecting grain production” in biomadevelopment, land use plans for energy
plantation should be formulated in order to protelsina’s forest, vegetation, and wet land.

8.2 Technology research and development system

Biomass energy is an emerging industry. Many elitiechnologies are at early development
stage. It is important to establish and strengteehnology R&D capacity building activities. Two
of efforts should be focused: supporting biomashrelogy R&D system and strengthening
technical training activities.

The national government should integrate existiagources to establish the technology
platform by establishing a national RE center argk@des of common technology research and
development capacities. Biomass technology devedoprahould also focus on basic research,
while strengthening manufacturing and productionhitécal process development. National
investment should lead to technical advancementrahdtrial development.

Support should be strengthened on biomass techndédgnt development and technical
training program. Biomass technology should beutetl into the university curricula and
technical training program so that levels of techhiexperts, engineers, and skilled workers
should be developed.

8.3 Pilot and demonstration

To promote biomass energy industry in China, naliand local government should actively
deploy biomass energy development pilot and dematist projects based on local resources,
technical strengths, and development strategies pilot and demonstration projects will focus on
establishing biomass industry and improving senggstem. Through pilot and demonstration,
technology advancement will be promoted, manageraadt technical service improved, and
biomass energy industry speeded up. A completestridlichain will be developed for biomass
supply, processing, market development, and teahs@vice systems.

8.4 Tariff incentives

Since 2006, China has been applied a feed-in taydtem for biomass power projects at
0.25Yuan/kWh. Additional subsidies of 0.10Yuan/kVidr biomass direct combustion power
generation projects are also available. These fiveepolicies have encouraged biomass power
project development. However due to the diversibamass technologies at different application
stages, the two differentiated tariffs are insigit to support all biomass power technologies.
Meanwhile, due to the big gap in the benchmark ageeration tariffs between different
provinces, their biomass power prices can be véfferent. Balanced biomass power tariffs
among provinces can be an important study focus.rgtional price administration should work
out a diversified system of effective biomass popwmject tariffs to promote further biomass
energy development, based on local biomass tecgwyaloaracteristics and according to balanced
biomass technology development principle.

8.5 Financial and tax incentive policies

Due to the high cost and weak market competitivenésancial and tax incentives are



common instruments in the world to encourage bien@shnology applications.

It is clearly indicated in the revised Renewableefgy Law that national financial
administration shall set up a renewable energyldpueent foundation. The funding sources can
be from financial special fund for each fiscal yaad from RE tariff surcharges levy. The State
Council's financial administration shall further foke the special fund and RE development
foundation budget and detailed spending regulationgnsure financial support for biomass
energy and other renewable energy developmentdditien, financial and tax administrations
shall set up tax incentives for promoting biomassrgy development and utilization and provide
income tax and VAT tax incentives for biomass epegrhnology research and development,
manufacturing, and project development enterprises.

8.6 Standards, testing, and certification system

Standardization, testing, and certification systeares necessary to ensure product quality.
Along with biomass technology development, biomaseergy product standards, project
acceptance standards, power grid integration stdadand other biomass technical codes shall be
developed based on R&D and demonstration activitleset up solid foundations for scaled
biomass industry in China.

China will support to establish a national biomassrgy product testing center to carry out
regular biomass energy product testing, qualityeillance, to improve product quality.

For large scale produced biomass energy productsertification system should be
established based on the standard and produchgesti guide enterprises to a regulated
production and market operation so that biomasmtgdogies can be scale applied in the market.

8.7 Market development

National power grid operators and oil seller conipsrshall follow the RE Law to fulfill
their obligations in fully purchase of electric pawfrom renewable sources and biofuels.
Infrastructures for power grid and oil products Ishe fully studied and improved. Biomass
power market environment shall be improved. Biomassrgy product purchase and sales
activities should be strengthened to promote lagale biomass power, biogas, and biofuel
applications. So far, biomass power projects areegdly at small scale without or difficult to
obtain permission of power grid interconnectiontgeascale biogas projects, biomass pellet fuel,
and other clean biofuel products should be prom@iedommercial applications. Based on the
characteristics of dispersed biomass resourceslized production, and wide farmer involvement,
small biomass energy projects should be encourbgesbtablishing biomass resource collection
networks. Enterprises and local government showdlemactive efforts to effectively increase
farmers’ job opportunities and their income.



