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Why this report is needed

North-east Asia is quickly emerging as a new engine of growth for the biomass and
bioenergy industries. Driven by pledges made under the Paris Agreement to reduce
greenhouse gas emissions, and by ambitious national renewable energy targets, Japan,
South Korea and potentially China will see a rapid expansion in biomass-fired power and
CHP generation over the next decade. This should create a large new market — rivalling
that of Europe — for global biomass suppliers.

Feedstock sourcing strategies

The emerging Asian market is likely to develop in different ways. While cofiring and
conversion projects may favour wood pellets for technical reasons, new-build biomass
plants with modern fluidised bed boilers will have greater fuel flexibility, including wood
chips, palm kernel shells (PKS) and, in some cases, rubberwood, bagasse and other
agricultural residues.

South Korean and Japanese imports of biomass are already growing rapidly. Im-
ports of wood pellets, PKS and wood chips have quadrupled over the past four years to
4.8Mt. Questions remain, however, about the availability of biomass feedstocks at price
points that are within the paying capability of the Asian generators.

Wood pellet supply chains are well-established, with bankable counterparties and
robust sustainability criteria, but new demand will require new pellet manufacturing
capacity. If this new capacity is to be developed, whether it be in Asia, North America or
Australia, for example, most pellet suppliers will require long-term and bankable offtake
contracts priced at levels that justify the investment.

An alternative is palm kernel shells. PKS is a lower-cost fuel, but its supply is limited
to countries where oil palm is grown, mainly Indonesia, Malaysia and Thailand. Export
availability is small relative to the potential demand. Some of the counties of origin are
keen to encourage the local consumption of PKS to help meet their own renewable
energy targets. Indonesia, for example, imposes an export tax on PKS to discourage
exports, adding another element to the fuel supply risk.

Wood chips are another alternative. There is a well-established wood chip supply
chain in Asia that currently serves the pulp and paper industry almost exclusively. Trade
in energy chips is being developed alongside these pulp chip trade flows, but the Asian
chip market is tightening. Demand for pulp quality wood chips is rising, particularly in

China, while the supply of wood chips from Indonesia, Thailand, Vietnam, Australia and
Latin America is struggling to keep up. Potential energy chip consumers in Asia may
soon find that they are competing with the superior paying capability of pulp manufac-
turers.

So, the feedstock sourcing strategies for prospective generators of biomass heat
and power in Asia are not at all straight forward. Nor are the marketing strategies for
prospective biomass suppliers.

Management of supply risk

In developing a fuel sourcing strategy, utilities need a thorough understanding of
the biomass resource base from which they intend to source their fuel, together with
the commercial and technical attributes of alternative biomass materials and suppliers.
As is always the case in the energy industry, the management of fuel supply risk will
be of paramount importance. This report pays particular attention to the comparative
costs of biomass supply to Asia for different materials from different origins as well as
to the robustness of their supply chains. It also assesses the sensitivity of supply cost to
changes in raw feedstock costs, freight costs and exchange rates, for example.

Likewise, biomass suppliers require a deep understanding of the energy markets
and of the policy mechanisms that are used to support the development of renewable
energy in each jurisdiction. In Europe, policy risks were, in general, poorly assessed and
suppliers will be keen to avoid making similarly expensive errors in Asia. A key focus
of this report is an analysis of the paying capability of Asian biomass buyers and the
sensitivity of their business models to changes in policy mechanisms, electricity prices,
exchange rates and other variables.

Methodology:

This report is based upon extensive market research in Japan, South Korea, China
and south-east Asia. This fieldwork yielded unique insights into the reality of the
Asian biomass market and its future prospects. Desk-based research and inter-
views with industry participants were also an important supplementary source of
information. Over 35 years Hawkins Wright has built up a wide network of con-
tacts, and extensive market information databases. This experience has enabled
us to provide unrivalled, highly respected market intelligence.
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Summary of report contents

tries’ renewable energy policies.

e The operation and value of policy instruments (e.g. Feed-in Tariffs in Japan and the Renewable Portfolio
Standard in South Korea) used to promote the development of renewable electricity generation. The value
of these instruments to a biomass power producer. The biomass paying capability of a variety of hypothetical

biomass power projects, both cofiring and 100% dedicated biomass plants.

e Profiles of biomass power projects in the region, including both dedicated-biomass and cofiring projects.

The capacity of each project, including its ownership and its technical, planning and financial status. Each
project’s estimated annual feedstock requirement and its likely feedstock preferences/flexibility, port and
transport infrastructure. Insights into the procurement approaches used by different buyers.

o Forecasts of biomass feedstock demand in Japan, South Korea and China to 2030, distinguishing between

wood chips, wood pellets and PKS.

agri-residues — domestically and in the principal feedstock supply regions around the Asian Pacific Rim: South

East Asia (Vietnam, Indonesia, Malaysia, Thailand and the Philippines), North East Asia (China and eastern
Russia), Australia, North America (British Columbia, the US Pacific North West and the US South) and Latin
America.

e The competitive advantages and disadvantages of potential sources of feedstock supply.

»  Short and long run costs of biomass supply to CIF Japan, South Korea and China, per tonne and per GJ:
considering the price of raw biomass — wood fibre (roundwood and residues) and PKS — processing costs

(chipping & pelletisation etc.), storage and logistics and the capital invested in supply chains.

»  The sustainability of biomass supply, commercially and environmentally. Calculations of the GHG emis-

sions of different feedstock supply chains are included.

»  Advantages and disadvantages of different feedstocks downstream of CIF are discussed. Comparisons
of the chemical and physical composition of different biomass fuels, how these features influence power

plant efficiency, storage and handling capacities, CAPEX requirements, feedstock substitution.

e Constraints and risks for investors and biomass suppliers: planning policy; environmental policy, including

sustainability criteria and forest certification; bankability of suppliers and offtakers, feedstock supply risk;
technical/operational risk; political risk etc.

Electricity generation in Japan, South Korea and China. Market structures and the factors driving the coun-

Feedstock supply. Comprehensive assessments of biomass availability — wood chips, wood pellets, PKS and

Who should read this report?

This report will be essential reading for all companies
with exposure to the emerging biomass market in
the Asian Pacific Rim, including energy generators,
wood pellet and other biomass fuel suppliers, energy
and biomass traders, forestry/plantation owners

and investors, non-energy wood chip buyers (e.g.
pulp manufacturers), oil palm plantation owners and
palm oil processors, shipping companies, financial
institutions, energy regulators and policy makers.

Questions answered...

» What resources will be available to supply fuel to
biomass heat and power generators in north-east
Asia through 2030?

» Under different scenarios, what is the outlook for
biomass demand in north-east Asia through 2030?
What forms of biomass will be favoured; wood
chips, wood pellets, PKS...?

» What are the advantages and disadvantages
of the different forms of biomass with respect
to cost competitiveness, sustainability criteria,
combustion characteristics, logistics and the
bankability of counterparties?

» What are the short-run and long-run biomass
paying capabilities of generators in Japan and
South Korea? How do the generators' paying
capabilities compare to the costs of feedstock

supply?
»  What factors should a generator take into account

when developing an optimal biomass fuel supply
strategy?
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Experience and expertise of Hawkins Wright

Hawkins Wright Ltd. is a privately-owned consulting company headquartered in London, UK. With
more than 35 years of experience, we are a trusted source of information for international pulp, paper
and biomass industries. Our services include consultancy assignments on a full range of marketing,
financial and strategic subjects as well as regular multi-client reports and newsletters.

Hawkins Wright is highly successful within its specialist areas. Our bioenergy practice has been
operating for ten years and regularly wins consultancy assignments from leading companies and
investors in the biomass and energy industries. In recent years we have provided due diligence
services to more than ten individual biomass power projects, advising on the biomass fuel market, fuel
procurement strategies and contracting options.

We have launched three flagship information services for the bioenergy sector, covering the areas
of biomass feedstock markets, renewable electricity and heat and the interpretation and impact of
government policy. Our monthly Forest Energy Monitor has been published since 2009, and has
retained a loyal readership throughout this time. Our quarterly Outlook for Wood Pellets service is
subscribed to by companies that control >85% of North American industrial wood pellet capacity and
at least 55% worldwide.

Hawkins Wright is similarly successful in other forest industry sectors. In pulp, for example,
companies that control over 90% of global market wood pulp capacity are subscribers to our services.

Hawkins Wright has worked in Asia for many years. Most of the large Japanese trading companies,
for example, subscribe to our services and/or have commissioned private consultancy assignments
from us. We are also well known in South Korea, having provided consultancy services to several South
Korean paper companies as well as some utilities. In China, Hawkins Wright has published its Defining
the China Market for Pulp, Paper and Board report annually since 2003, and we have provided market
due diligence services to several Chinese papermakers and investors.

This deep penetration of global forest products markets has allowed Hawkins Wright to develop high
level contacts throughout the industry and unique insights into the trends that are driving the strategic
decisions of forest products and energy companies worldwide.

Hawkins Wright is entirely independent. We are not involved in the buying, selling, growing,
manufacturing or management of timber resources, pulp or paper, wood pellets, lumber, energy or
carbon. Our advice is therefore completely objective and untainted by conflicts of interest.

Our bioenergy consultancy services:

»

»

»

»

»

»

Due diligence for biomass power projects
Biomass market assessment

Modelling and risk assessment

Policy interpretation and explanation
Fuel procurement strategy assessment

Supply/demand analyses and price forecasts

Recent assignments

»

»

»

»

»

»

»

A due diligence assessment of the wood pellet
supply strategy of a Japanese biomass power
project. Comissioned on behalf of a prospective
investor (a Japanese bank).

An assessment of cost competitiveness of different
wood pellet suppliers CIF Japan.

A market due diligence assessment of wood
pellet supply in Asia to 2037. The report was
commissioned by a Japanese bank considering
debt finance for a 75MW biomass power plant.

A due diligence assessment of a new-build pellet
CHP project in the United Kingdom.

A due diligence assessment of a proposed
investment in an existing wood pellet mill in the
United States.

A commercial feasibility study into a proposed
investment in a greenfield wood pellet mill in
Australia.

Due diligence assessments of the feedstock supply
strategies of three separate coal-to-biomass
conversion projects in the United Kingdom.
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Our client base

Hawkins Wright'’s client list includes leading pulp and paper manufacturers from around the world, energy companies, forest owners, wood pellet manufactur-
ers, pulp, paper and biomass agents and traders, financial institutions, equipment and raw material suppliers, and national, state and provincial governments and
agencies. Four fifths of our revenue is generated from clients outside of the UK.

See following link for a full list of our clients www.hawkinswright.com/market-research-pulp-paper/our-clients

Our biomass and bioenergy clients include

Abengoa Energy Crops. Altus Renewables. Alpac. Andritz. APRIL. APX-ENDEX. Arauco. Arbaflame. Arctas Capital. Associated British Ports. Baltpool. BEIS. Blue-
point Pellets. BillerudKorsnas. Biovoice UAB. BMC Management. Bluescape Resources. Boston Consulting. Brazilian Pellets. Buchanan Renewables. Caima Ener-
gia. Campbell Global. Canadian High Commission. Canfor. Carbon Trust. Cargill. Carter Holt Harvey. Catalyst Paper. Cellmark. Centrica. CEPI. Ceres Bio Ventures.
Choren Industries. Clean Tech. Clarkson Platou. CMPC. CM Biomass. CN Railway. Conifex. Cosan. CPM Europe. Dalkia. Dallesprom. DECC. Deere & Co. Drax Power.
Drax Biomass. Duke Energy. Earth Care Products. Eifer. Ekman. Eko Energy. Enbio. Eneco. Engie. E.ON Climate and Renewables. EP UK Investments. Enviva Bio-
mass. Enviva Holdings. Essent. Equity Research. Euro Fibres. Expertos Forestales. Farines. Fibreco. FIM Services. Fitzpatrick Woods. Flour. Forico. Forest2Market.
FOEX. FPAC. Forestal del Sur. Forbiom. Forisk. Fram Renewable Fuels. Fuji Keisai. Georgia Biofuels. Georgia Biomass. Georgia Pacific. Global Forest Care. Global
Forest Partners. Granorama. Great Northern Timber. Greenwood Resources. Green Energy. Green Resources. Greenfields Consulting. GreenWood Resources. GS
Energy. Hancock. Hofor. Hyosung Corporation. IFC. IFP. Iggesund. Integro Earth Fuels. International Energy Crops. International Materials. Itochu. JERA. J.Muller
Breakbulk Terminal. Koch Carbon. Korsnas. KPMG. Kruger. KSH Solutions. Ledcor CMI. Losan Gestion Integral. C.Mackprang. Marubeni. McKinsey. Mercer. Metsali-
itto. Metso. MGT Power. Midway. Millington Advisory. Mitsubishi Corp. Mitsui. Mitsui OSK Shipping. Meiya Power. Mondi. MTK Forestry. Neova. Natural Resourc-
es Canada. Nelja Energy. New Forests. New Zealand Wood Fibre. Norbord. Northern Energy Solutions. Norske Skog. NYK. Orsted. Pacifico Energy. Pentarch. Pike &
Cia. Pinnacle Pellets. Platou Shipbrokers. Plum Creek Timber. Portucel. Poyry Capital. Pristine Power. Pro Pellets. Protocol. PwC. Quebec Min. Natural Resources.
Renewable Power Systems. Rentech. RES New Ventures. River Basin Energy. RMK Timberland. RWE. Russian Timber Group. Scottish Woodlands. SFM Environmen-
tal Solutions. Shell Global Solutions. Silvicapital. Sojitz. Solvay Energy. Statkraft. StoraEnso. Sumitomo Corp. Suzano. Sveaskog. Teyma. The Navigator Company.
The Clean Energy Co. Thilmany. Toyota Tsusho. TOTAL. TWK Agriculture. Univ.of Tennessee. UPM. USSE. Vattenfall. Verdo Renewables. Warnell School Univ. West
Coast Energy. Westervelt. Weyerhaeuser. Whispering Pines Energy. Wood Pellet Assoc. of Canada. WRAP. Zilkha Biomass Energy.

Financial institutions

Aeturnum Capital. Adventity. Agressione. AlG. ANZ Banking Group. APAX. Arqaam Capital. Atlas Holdings. Atticus Capital. Avenue Asia SSF. BanChile. Banco
Espirito Santo. Banco Itau. Banco West LB. Bank of Tokyo-Mitsubishi. Bayerische Landesbank. BBVA. Bloomberg. BMO Nesbitt Burns. BoA Merrill Lynch. BNDES.
Bradesco BBI. Chicago Fundamental Inv. CIBC. Citi Research. Coronation Fund Managers. Credit Suisse First Boston. Caixa Banco. Chuo Mitsui Trust & Banking
Co. Ltd. Capita Corp. Daewoo Securities. Daishin. Dayah Capital. Deutsche Bank. Des Jardins Securities. Enskilda Securities. Eugene Investments. Export Develop-
ment Corp. First Commercial Bank. Fidelity Investments. First Asset Securitization. First Reserve. Fitch Ratings. Goldman Sachs. Guggenheim Partners. Hamblin
Watsa Invest. Handelsbanken Capital. ICRA India. IBS Insurance. IFC World Bank. Impala. Indevco. ING Bank. Intl.FCStone. Kreditanstalt fur Wiederaufbau (Kfw).
JP Morgan Chase. JP Capital. Kookmin. Larrain Vial. MFC Commodities. Macquarie. Mizuho Bank. Morgan Stanley. Moto Capital. Nordea Bank. Pamplona Funds.
Poyry. Prescient. Rhone Group. RBC. Regions. Salman Partners. Saltbox Partners. Salomon Smith Barney. Sampo Bank. Santander. Schroders. Sequana. Shinhan
Bank. Star Capital. Sumitomo Bank. Sumitomo Mitsui Banking Corporation. Tell Investments. Thomson Financial Services. Tongyang Securities. Tradition. UBS.
Vennskap. Woori. Xylem Global Partners.
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