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Wood pellets are a com-
mon type of biomass.
Biomass is any biological
material that can be used
as fuel—including grass,
corn, wood, and biogas as
well as other forestry and
agricultural residues.

4 Wood Pellet Heating

Wood Pellets

A Good Choice for Heating

Many building owners use fossil heating fuels, such as oil or propane, for space heating.
These fuels are often expensive and unstable in pricing, and are threatening the global
climate and sustainability of communities. Proven alternatives to fossil heating fuels exist
and are already in use across North America: Biomass fuels are a local, renewable re
source for providing reliable heat.

Wood pellets are a common type of biomass. Biomass is any biological material that can
be used as fuel—including grass, corn, wood, and biogas as well as other forestry and
agricultural residues.

WOO D PELLETS

One biomass fuel that has gained national attention with rising fossil fuel prices is wood
pellets. Wood pellets are compressed by-products from the forest products industry, of
ten woodchips and sawdust. They are a locally available and a cost-effective heating fuel
with several advantages over other types of biomass.

Wood pellets are a condensed uniformly sized form of biomass energy, making them
easier to store and use than many other biomass fuels. Pellet heating technology is

also quite simple, minimizing operation and maintenance requirements. These heating
systems can be easy to plan for and install and can save a building owner thousands of
GROODUV LQ HQHUJ\ FRVWY RYHU WLPH ZKLOH SURYLC(
PHQWDO EHQHAWYV

ADVANTAGES TO HEATING WITH BIOMASS

Using biomass fuels helps mitigate such environmental issties s and
. Perhaps the greatest advantage of biomass fuels, however, is that they

FRVW RQ DYHUDJH SHUFHQW OHVV WKDQ IRVVLO K
ing. Itis unlikely that any future carbon or energy taxes will increase the cost of biomass
fuels and are more likely to raise the cost of heating viith . The technology is

becoming well established in the North American market and the choice to heat with
biomass fuels can be as simple as choosing a traditional fossil fuel heating system.
In addition, wood pellets:

 are convenient and easy to use, and can be bulk stored in less space than other bio
mass fuels

 have a high DQG WKH WHFKQRORJ\ LV KLJKO\ HIA
biomass fuels

* are a clean-burning renewable fuel source
« are produced from such waste materials as forestry residues and sawdust
« are price stable compared to fossil fuels



Who Should Consider Wood Pellet Heating? There are several demon

7KHUH DUH FXUUHQWO\ DERXW KRPHV LQ WKH 8QLWﬁt@n§\md\WW\EWSJ ZRRG
or furnaces for heating, according to the Pellet Fuels Institute. Wood pellets are-manu of wood pellet boilers

IDFWXUHG LQ WKH 86 DQG &DQDGD DQG DUH DYDLOD E Oreplatthg/fossil @eisating XVH L
from feed stores, nurseries, and other supply outlets. systems reducing reliance
Increasingly, heating with wood pellets is becoming common on larger scales—in mu on fossil fuels, and savin

QLFLSDO RU IHGHUDO EXLOGLQJVY HGXFDWLRQDO IDFLODLuYiIdm-bVOV\}ﬁgI)éYrII_O%éyFRPSOH[H
other businesses. While the majority of installations of this size are in Europe, a growing '

number are in North America, including New England. The greater heating requirements
of these larger buildings differ from those of residential settings, thus requiring different
technology (boilers rather than stoves) and fuel supply infrastructure (bulk wood pellet
supply rather than bags).

CANDIDATES FORWOO D PELLET HEATING

7KH EHVW FDQGLGDWHYV IRU ZRRG SHOOHW ERLOHUV DUH EXLOGLQJY EHWZHHQ
square feet (SF) that use heating oil, propane, or electricity to produce space heat and/or

hot water. Natural gas is generally a less expensive fossil fuel for space heat, and wood

SHOOHW SULFHV DUH QRW DOZD\V FRPSHWLWLYH :KHQ QDWXUDO JDV SULFHV DUH
than the national average price, wood pellets may be the better alternative. Wood pellet

heating systems are also a viable option for new construction.

Other important site characteristics to consider include the layout of the building. It

should have—or the owner should plan to convert to—a centralized hot water heat-

distribution system. There should be adequate space for the wood pellet boiler and

storage silo as well as adequate access to the silo for fuel truck deliveries. The distance

between the building and the wood pellet distribution center ideally should be no more

WKDQ PLOHV VLQFH WKH DFWXDO FRVW SDLG SHU WRQ IRU EXON ZRRG SHOOHWYV
ery charge that may make wood pellets less cost effective as the delivery distance—and

delivery charge—increases.

WOO D PELLET BOILERTECHN OLO GY
Wood pellet boiler technology is becoming well established in the North Americar mar
ket. There are several vendors with proven track records of reliability and performance
YHQGRUV DQG FRQWDFW LQIRUPDWLRQ FDQ EH IRXQG RQ SDJH DQG VHYHUDO G
in New England of wood pellet boilers replacing fossil fuel heating systems, redueing reli
ance on fossil fuels, and saving building owners money.
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Two Case
Studies

Harris Center
Hancock, New Hampshire

Heated Space: 6)

Pellet Storage: nine-ton silo

Annual Wood Pellet Use: WRQV

Average Staff Time: PLOQXWHV SHU ZHHN GXULQJ WKH KHEL
Estimated Fuel Cost Savings: SHUFHQW

The Harris Center for Conservation Education is an environmental education
organization that provides conservation and environmental education programs
for all ages. It also serves as a local land trust.

Started as a project focused on promoting environmental health, installing the
wood pellet boiler has generated substantial fuel-cost savings. The facility is an
excellent example of how a business approach to sustainability can also make
JRRG AQDQFLDO VHQVH

NRG Systems

Hinesburg, Vermont

Heated Space: 6) RQ WKUHH ARRUV

Pellet Storage: WRQ VLOR RQH \HDU:-V ZRUWK

Average Staff Time: PLQXWHY SHU GD\

Heating Fuel Offset: JDOORQV SURSDQH KHDWLQJ \

NRG Systems manufactures wind measurement systems for the wind power
LOQGXVWU\ 7KH EXLOGLQJ LV D PRGHO ZRUNSODFH W
E\ GHPRQVWUDWLQJ WKH EHQHAWY RI WKH ODWHVW
EXLOGLQJ-V KHDW ORDG LV QRW W\SLFDO RI PRVW R
UHVLGHQWLDG ‘el hb@r wood pellet boilers), this application

of wood pellet heating technology demonstrates a successful model of using a

locally available, renewable, and cost-effective resource to provide reliable heat in

DQ RIAFH PDQXIDFWXULQJ VHWWLQJ
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Wood Pellet
Fuel

Characteristics

Wood pellets are a manufactured biomass fuel. They are made from wood waste
materials that are condensed into pellets under heat and pressure. Natural plant
lignin holds the pellets together without glues or additives. Wood pellets are of
XQLIRUP VL]JH DQG VKDSH EHWZHHQ 6 LQFKHV
diameter), making them as easy to store and use as traditional fossil heating fuels,
Wood pellets also take up much less space in storage than other biomass fuels be
FDXVH WKH\ KDYH D KLJKHU HQHUJ\ FRQWHQW E\
six percent GXH WR WKHLU GHQVLAHG QDW?
tent (typically between 4-6 percent moisture by weight).

While wood pellets are typically not differentiated between soft and hardwood
sources, there are three grades based on the amount of ash produced when they
are burned:

* Premium { less than one percent)

» Standard (ash content between one-two percent)

* Industrial (ash content three percent or greater)

Premium and standard grade pellets are suitable for any wood pellet boiler with
automatic ash removal, including most institutional- or commercial-scale applica
tions. Industrial grade pellets, or those with ash content greater than three percent,
should be avoided due to the high volume of ash produced.

Availability

JRU WKH UHVLGHQWLDO PDUNHW ZRRG SHOOHWYV
ing supply stores. Small commercial- or institutional-scale applications of the type
being discussed here, however, require bulk delivery and storage. Several weod p
OHW PDQXIDFWXUHUV VHH OLVW RQ SDJH FDQ
per ton delivered, the price typically including a per-load fee scaled to the distance
of the delivery.

Pricing

When exploring the conversion from fossil fuels to wood pellet heat, an important
consideration for building owners is the fuel-cost savings from using wood pellets.
Because fossil fuels and wood pellets are sold in different units, a price compari
son must be based on the amount of energy—in millions of British thermal units
(MMBtu)—delivered by each fuel. The basis for comparison then becomes the cos
of producing one MMBtu with each fuel being considered.

Several other factors affecting the true cost of heating with any fuel include the
HQHUJ\ DQG PRLVWXUH FRQWHQW DQG WKH HIAFL
each fuel. Figure 1 shows the various equivalencies of each fuel after accounting
these factors.

FUEL EQU IVALENCIES

120 gallons of heating oil
170 gallons of propane
16,000 ft® of natural gas

4,775 kilowatt hours (kWh)
electricity

» $1.67 per gallon for heating oil

» $1.18 per gallon for propane

» $12.50 per (1,000 ft %) for natural
gas

 $0.04 per kWh for electricity

The comparisons above show, for example,

that the heat provided by one ton of wood
SHOOHWYV LV HTXDO WR WKH |
JDOORQV RI KHDWLQJ RLO D
ton for wood pellets is the same as paying

$1.67 per gallon of heating oil.

The savings in fuel costs using wood pellets
FDQ EH AJXUHG RXW E\ FRPSI
price of the current heating fuel to the

price equivalent given in the table. A build W |
LQJ RZQHU SD\LQJ -SHU JI
ing oil would save $.63 per gallon displaced
WKH GLIITHUHQFH EHWZHHQPI
RU SHUFHQW UHSUHVHQWL
RI RQ D DQQXDO IX

In general, space heating with wood-pel
lets is less expensive than with fossil fuels.
Natural gas is the only heating fuel that is
not always more expensive (on a MMBtu
basis) than wood pellets. That is why build
ings that currently heat with natural gas are
not always good candidates for converting
to wood pellet heating.

XV
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SIZEAWOO D

PELLET STORAGE Securing a Fuel Supplier

SILO When selecting a pellet manufacturer (also referred to as “supplier”) capable of
making bulk deliveries to your area, there are other points to consider in addition to

A good rule for sizing a fuel storage price:

silo is to choose one that is some
ZKDW ODUJHU PD\EH

WLPH \Peliwrlx Bigance. Wood pellets are most cost effective when the distance by
the capacity of the fuel delivery truck URDG

HWZHHQ WKH PDQXIDFWXUHU GLVWULEXWR!

used by your supplier. Since there miles.

always will be some pellets remaining ¢ The Bulk Market. It is best to go with a supplier that is committed to the-de
in the silo at the time of next deliv velopment of the bulk market and will favor meeting orders for bulk deliveries
ery, this sizing will maximize delivery over producing bags for residential sale.

HIAFLHQF\ SDUWLFXODUO\ VL @hdarfebdBupply.U Look for a supplier that guarantees an available and reli
charges for wood pellets are often able supply.

tpher Ioatld rlather iiar:fbtimg basfd on e Source Material. Look for wood pellets that were produced from green woed
Xevali S/a guan '\X‘/ R € sg;la_lpcl)erl_ YHU WUX Fchs or ﬁawdust %n% avoid wood pellets that were made from construction and
Q demo}{%on'—('Cé{d') waste. The ash produced from burning pellets made from C&D
VKRXOG EH WRQV RU PRUH 6LOOR
wood waste may not pass Commonwealth of Massachusetts rules on hazardous
VKRXOG EH VL]JHG LQ LQFUHPHV%VYV RI. . L
RU Ty RU VPDOO F ste malterials. The ash from green woodchips and sawdust, however, is likely
Q ) \BE FRPSO\ ZLWK WKH &RPPRQZHDOWK:-V VROLG ZD

mercial- or msptunonal-scale boiler obtain a written statement of the source of wood being used from your pellet
systems, the silo should have a stor
manufacturer.
WRQV

DJH FDSDFLW\ RI DW OHDVW
It is important to keep in mind that while the technology is gaining ground in North
America, centralized wood pellet heating at the institutional and commercial scales is
still a developing market.

8 Wood Pellet Heating



Calculating Potential
Fuel Cost Savings

STEP 1

7R FDOFXODWH \RXU SRWHQWLDO IXHO FRVW VDYLQJV \RX AUVW QHHG WR GHWHUI
the amount of heating fuel you use per year and multiply that by your

average price per gallon. This gives your total heating fuel bill for the year,

to which you will compare your estimated fuel bill if you were using wood

pellets.

JRU H[DPSOH LI \RX WASLFDOO\ XVH JDOORQV RI SURSDQH LQ D \HDU IRU
space heating (excluding any heating fuel that is used for water heaters or
FRRNLQJ DQG \RXU DYHUDJH SULFH RYHU WKH SDVW \HDU IRU SURSDQH ZDV

SHU JDOORQ \RXU WRWDO DYHUDJH DQQXDO 'x'k%iFnlpgr?ar%tFﬁﬁgsﬁoﬁ%r

x $ =$ potential owners of wood pellet
Total Units Price/Unit Total Annual Fuel Bill boilers is the extent to which fuel
cost savings justify the cost of the
project (see Economic Analysis
section on p. 16).

STEP 2

The next step is to estimate how many tons of wood pellets your building
requires in a year, using the equivalency factors given in Figure 1. In the
FDVH RI SURSDQH RQH WRQ RI ZRRG SHOOHWY LV HTXDO WR JDOORQV RI SUR
pane. Almost 7 tons (6.6 tons) of wood pellets will be needed to heat for

RQH \HDU JDOORQV RI SURSDQH GLYLGHG E\ WKH HTXLYDOHQW JDOORQV R
propane per ton of wood pellets).

,/ WKH FXUUHQW SULFH RI ZRRG SHOOHWYV LV SHU WRQ \RXU HVWLPDWHG IXHO
ELOO XVLQJ ZRRG SHOOHWYVY ZRXOG EH - WRQV RI ZRRG SHOOHWY PXOWL
SOLHG E\ SHU WRQ

= = x $ =%
7TRWDO 8QLWYV 8QLWYV 7RQ 7TRQV <HDU 3ULFH 7RQ 7TRWDO %LO!
STEP 3

The dollar savings from switching to wood pellets this year can be-calcu
lated by subtracting an estimated fuel bill using wood pellets from your
current annual fuel bill. As you project these savings into the future, those
prices would change and the gap would increase, since fossil fuel prices will
escalate faster than woody biomass fuels.

Wood Pellet Heating 9



Components of
a Wood Pellet
Heating System

The Technology

Wood pellet boilers are relatively simple systems that are easily installed
and operated. The wood pellets are typically stored in a standard outdoor
silo. Pellets are delivered in trucks similar to those that deliver grain.
Wood pellet fuel is automatically fed to the boiler via auger systems simi
lar to those used for conveying feed and grain on farms. The pellets are
discharged from the silo and conveyed to the boiler using automatically
controlled augers set to provide the right amount of fuel based on the
EXLOGLQJ:-V GHPDQG IRU KHDW

10 Wood Pellet Heating

DIAGRAM OFA
WOOD PELLET BOILER

A typical system includes a fuel storage
silo with an auger system that delivers
the wood pellets from the silo to the
fuel hopper.

The wood pellets are fed from the fuel
hopper through the fuel feed system
into the combustion chamber at a rate
determined by the control settings.

The combustion fan supplies air to the
combustion chamber and the exhaust is
ducted to the chimney through a port

at the rear of the system.

Ash must periodically be removed
through the ash pan door.




Explanation of Components

The boiler is usually delivered completely assembled; however, some pieces, like the
fuel hopper, may be removed to facilitate the installation of the boiler.

COMBUSTION CHAM BER/FIRE DOO R

The combustion chamber is where the pellets are burned to produce heat. Itis ac
FHVVLEOH IRU FOHDQLQJ RU PDLQWHQDQFH WKURXJK WKH AUH GRRU

COMBUSTION FAN
7KH FRPEXVWLRQ IDQ SURYLGHV DLU WR WKH AUH LQ WKH FRPEXVWLRQ FKDPEHU

PRIMARY CONTROLS

7KH FRQWURO XQLW DOORZV WKH XVHU WR FRQWURO WKH ARZ Rl ZRRG SHOOHWYV I
tion air into the boiler based on temperature settings. The unit also gives readings
on boiler and exhaust temperatures.

FUEL STORAGE SILO

Wood pellet fuel for the institutional- or commercial-scale market is typically deliv
ered in bulk, where it is stored in the same type of standard outdoor silo used to
KROG JUDLQ RU DQLPDO IHHG RU LQ VLORV VSHFLAFDOO\ PDGH IRU IXHO SHOOHW

FUEL HO PPER & FEED SYSTEM

Wood pellets are delivered by automatic conveyors from the storage silo into the Wood pellet boilers are
fuel hopper. From the fuel hopper, the pellets are delivered into the boiler through relatively simple systems
the fuel-feed system at a rate determined by the control settings. o

that are easily installed

EXHAUST DUCT and operated.
The combustion exhaust gases are ducted through a port at the rear of the system,
which connects to either a new or existing chimney.

Equipment Checklist

When a wood pellet boiler is purchased, the vendor will typically supply not only
the pellet boiler, but also the fuel handling equipment, chimney connection and auto
mated controls, and may also supply the fuel storage silo.

The components for a pellet boiler system are:

 Storage Silo

» Fuel Conveyor/Auger System

* Fuel Hopper and Feed System

» Combustion System (Boiler)

* Electronic Controls

» Connection to Existing Chimney

» High Temperature Chimney (if there is not an existing chimney to connect to)

1 30XPELQJ &RQQHFWLRQV WR WKH EXLOGLQJ-V KR’ .RC

Optional components:
» Ash Removal System
» Automatic Soot-Cleaning System

Wood Pellet Heating 11



Operation & Maintenance
Requirements

Wood pellet boilers are relatively simple biomass heating sys
tems. Because wood pellets are generally uniform in size, shape,
moisture and energy content, fuel handling is very straightforward.
Nevertheless, there are some ongoing maintenance requirements
for these systems.

A wood pellet boiler will take more time to maintain and operate
than a traditional gas, oil, or electric heating system. At the-insti
tutional or commercial scale, however, many of the maintenance
activities can be cost-effectively automated by installing off-the-shelf
equipment such as soot blowers or automatic ash removal systems.
Some of the typical maintenance activities required for wood pellet
systems are:

W EEKLY

» Emptying ash collection containers

< Monitoring control devices to check combustion temperature,
stack temperature, fuel consumption, and boiler operation

« Checking boiler settings and alarms, such as those that alert to a
problem with soot buildup

YEARLY
» Greasing augers, gear boxes, and other moving parts

SI Z E A BO I L ER « Checking for wear on conveyors, augers, motors, or gear boxes

The wood pellet boiler should be sized to meet the peak heating . . . . . .
demands of the building. The boiler should be capable of provid When considered on a daily basis, the total time required for main

ing enough heat to keep the building warm during the coldest WDLQLQJ WKH ZRRG SHOOHW ERLOHU VAVW

hour of the year. The peak heating demand depends upon both minutes per day over the entire heating season.
W KH H|AFLHQF\ RI WKH EXLOGLQJ DQG WKH FOLPDWH LQ ZKLFK LW LV ORFDWHG

A wood pellet system vendor or a mechanical engineer can rec
RPPHQG D VA\VWHP ZLWK WKH ULJKW-FDSDFLW\ IRU \RXU EXLOGLQJ:V KHDW
ing needs. Information useful to have on hand prior to contacting
these professionals includes:
« An energy loss analysis for your building to determine its abil
ity to retain heat and quantify its peak heating requirement, if
available
« Several years of heating bills showing monthly fuel consumption

« Total fuel consumption in a typical year, with monthly fuel-con
sumption during peak winter months

T'DWD RQ \RXU DUHD:V FOLPDWHY VXFK DV WKH QXPEHU RI

A mechanical engineer, system vendor, or other design contractor

will be able to help you with collecting and analyzing this inferma

tion and assist you by recommending an appropriate boiler size

IRU \RXU IDFLOLW\:V KHDWLQJ QHHGV 7\SLFDO HQJLQHHULQJ DQG GHVLJQ
IHHV FDQ UDQJH IURP SHUFHQW RI WKH WRWDO SURMHFW FRVW DO
though system vendors may not charge directly for this service.

12 Wood Pellet Heating



W HAT ISTHE DIFFERENCE BETWEEN HOW AREWOOD PELLETS MADE ?

AWOOD PELLET STOVEAND AWOOD ‘RRG SHOOHWY DUH PDGH IURP GH
PELLET BOILER? material, typically from logging, sawmill, or packaging

A wood pellet stove is sized for residential settings. Theesidues. Wet sawdust is pressed into pellets under high
heating needs of an average-sized home are typically heat and pressure. There are no additives in wood pel
much lower than those of commercial or institutional lets, therefore they burn cleanly.

settings like small schools, municipal buildings, or small

businesses. A wood pellet boiler, on the other hand, is HOW AREWOOD PELLETS DELIVERED?

sized for these larger commercial heating loads. There Bulk wood pellets are brought to the site in a truck that
are also other differences between pellet stoves and ~ delivers directly into the storage silo using either com
boilers in the degree of automation and fuel storage an@ressed air or a pneumatic conveyance system.

handling, based on the different needs of residential and
HOW MUCH WOOD PELLETSWI LL | NEED
commercial users.

AND WHERE WILL| STORETHEM ?

W HAT ARE THE BEST USESFORA W OO D The amount of W?Od pellets required—measured in
PELLET BOILER? tons—can be estimated based on the amount of fuel

currently being used to heat your building. Commercial
wood pellet suppliers and other experts can assist
. . with these calculations. The amount of storage space
heat load), wood pellet boilers are more appropriate . .

required will be dependent on the amount of wood pel

for small commercial- or institutional-sized applications. Jets needed. Typically, wood pellets are stored in a silo
Examples of successful projects (lists can be prowded lz nilar to those hous;ng grain) or other type of bin,

system vendors) include greenhouses or other agricul
The storage tank must provide good access for the fuel
tural settings, smaller educational facilities, conference

X W Il
FHQWHUVY EXVLQHVVHV RU RIA—FHd%ggr_y(Sr%C 9?&‘365[ %é Coll—j\é{ |e§1E§/'_slt red
for up to one yéar. od p Iet Ier ven ors or other
es, and state- or town-owned buildings. In general, thos ex erts n opriate size
IDFLOLWLHY EHWZHHQ DQG f P ! é%t?jgt}w igq%_%oﬁérnon
ZLWK KHDW RXWSXW UDWLQJV EH%%;%S o
per hour, and heat with fuel oil, propane, or electricity, Pag

are good candidates for heating with wood pellets. CAN | CONNECT MULTIPLE BUILDINGS TO
ONEWOOD PELLET BOILER?

A small district energy system, connecting several build
MORE OPERATORATTENTI ON AND DAILY ings in close proximity to one heating plant, can be a

MAINTENANCE 7 good project. The buried pipe system connecting the
2Q DYHUDJH ZRRG SHOOHW ERL OgildiMgdrbitheldelétboiler cafPBe@asHY kb Yhstall,

per day of operator attention. The typical general main however, a larger heating demand can mean a larger po
tenance tasks include emptying the ash bin about oncetential for savings on heating fuel costs. It is imperative
per week and checking the boiler settings. In addition, a{at the boiler be sized to meet the combined heating

of the moving parts and motors need to be greased on needs of all the buildings connected to the system.
an annual basis and checked for wear.

While a wood pellet stove is sized and sold for homes
(or anywhere a space heater can be used for a small

DO WOOD PELLET BOILERSREQU IRE

AREWOOD PELLET BOILERSNOISY OR

MESSY AND DO THEY SMELL L IKE BURNING

WOOD?

Wood pellet boilers run as quietly as any other furnace

or boiler would. Wood debris, dust, and allergens are

PLQLPDO 'XH WR WKH KLJKO\ HIAFLHQW FRPEXVWLRQ DQG WKH
well-dispersed exhaust through the chimney, the smell of

burning wood is usually undetectable.

Wood Pellet Heating
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Environmental Considerations for
Institutional- or Commercial-Scale
Wood Pellet Boilers

Air Emissions

There have not been any independent emissions tests performed in North America on insti
tutional- or commercial-scale wood pellet boilers, although efforts are underway. While the
actual data is not available for wood pellet boiler technology (with the exception of a partial
dataset from a Danish system vendor), test results are available for other modern-institu
tional- or commercial-scale wood-burning technologies, particularly school-sized woodchip
boilers.

It is well known that the emissions from wood-burning boilers are different than emissions
from such traditional heating fuels as heating oil, propane, or natural gas. All heating fuels—
including wood—produce (PM), carbon monoxide (CO), nitrogen oxides
(NO,), and sulfur dioxide (SQin varying amounts. Burning wood in a modern and well-
maintained woodchip boiler, for example, produces more particulate matter than burning any
of the fossil fuels, but less S@an oil or propane. As shown in Figure 3, full test data is not
available for pellet boilers.

EMISSION RATES FROMWOOD & FOSSIL FUELS ! (Ibs/MMBtu)

PMI0 CO NO, SO

2

Wood Pellet Boiler (Test Report) 2 n/a 0.51 0.272 nla
Woodchip Boiler 3 0.1 0.73 0.165 0.0082
Oil Boiler 0.014 0.035 0.143 0.5
Propane Boiler 0.004 0.021 0.154 0.016
Natural Gas Boiler 0.007 0.08 0.09 0.0005

P'LWKRXW HPLVVLRQ FRQWURO HTXLSPHQW ZLWK WKH H[FHSWLRQ RI 30

Emissions rates, given in pounds of pollutant per (million British thermal units), were provided by the Danish
7THFKQRORJLFDO ,QVWLWXWH DQG SHUIRUPH@reR@ t&ste QDN SHOOHW ERLO

3 Emissions rates, given in pounds of pollutant per MMBtu, were provided by Resource Systems Group in a report titled,
$LU 3BROOXWLRQ &RQWURO 7THFKQRORJLHV IRU 6PDOO :RRG AUHG %RLOHL
JHQHUDO ZLWK D VSHFLAF IRFXV RQ ZRRGFKLSV 7KH HPLVVLRQV IURP :
here.

It is hoped that future emissions testing of wood pellet boiler technology will rely on indepen
dent third-party testing (following USEPA-approved testing methodology) rather than emissions
testing conducted by wood pellet boiler vendors or other stakeholders in the wood pellet
heating industry.



PERMITTING F OR PELLET BOILERS IN MASSACH USETTS

The Commonwealth of Massachusetts has set regulations on the emissions of the air pol
lutants discussed on the previous page. Any equipment, such as a boiler, that is a potential
source of these emissions needs to have state approval for operation. A boiler that is larger
than 3 MMBtu/hour (heat input rating) will be required to obtain an operating permit, issued
by the Commonwealth.Wood pellet boiler applications within the size range being eonsid
ered here (less than 3 MMBtu/hour), however, are not large enough to require an operating
permit.

Massachusetts Department of Environmental Protection (DEP) (see contact information on
SDJH
considered here. Any building owner who is considering a conversion to wood pellet boiler
heating should contact the DEP to determine if plan approval is necesary and, if so, begin the
process. Plan approval should be sought prior to purchasing or installing a wood pellet boiler
and may require the inclusion of emissions control technology in the system plan.

WOO D PELLETS & GLOB AL CLIMATE CHANGE

Carbon dioxide (CO) is an air pollutant currently not regulated by Massachusetts or the

federal government despite it being a major contributor to global climate change. Because
UHSODFLQJ
CO emissions, it is a meaningful way to begin reducing environmental impacts.

Wood fuels are often referred to as “carbon neutral.” This refers to the natural carbon

cycle where CO HPLWWHG ZKHQ ZRRG LV EXUQHG FRQWLQXH"
of carbon, while burning fossil fuels releases/carbon to the atmosphere that had been

locked away underground. Trees capture and store (sequester) carbon. Although the carbon
is released when the wood is burned, if harvested and burned at the rate it grows in the for
est, no net carbon is released. Thus, burning fossil fuels for space heating increases the net
amount of carbon in the atmosphere, while burning wood does not.

Ash from Wood Pellet Boilers

One by-product of burning wood pellets is ash, a non-combustible residue. While the ash
produced by burning wood pellets is automatically removed from the boiler in the systems of
many manufacturers, the container in which the ash is collected must periodically be emptiec
and disposed of manually.

ODVVDFKXVHWWYVY UHTXLUHV D "EHQHAFLDO XVH GHWHUI
Prevention-Business Compliance Division before approving any use of the ash from pellet
boilers.While many wood boiler operators use their ash as fertilizer for lawns or athletic
AHOGY WKHUH DUH RWKHU XVHIXO ZD\V WR KDQGOH ZR
amending soil. The ash is not known to adversely affect humans or plant and animal life
when dispersed in this way, although, it may over time lead to increased nutrient runoff into
streams, rivers, wetlands and other water bodies. A local water-quality regulator with the
ODVVDFKXVHWWY (3 VHH FRQWDFW LQIRUPDWLRQ RQ ¢
HIIHFWV RQ ORFDO ZDWHU UHVRXUFHV PD\ EH VLJQLAFI

7KLY DVK FDQ DOVR EH GLVSRVHG RI DW DQ\ VWDWH OCL
ment facility. Massachusetts considers wood ash from commercial or institutional sources to
EH D VROLG ZDVWH WKXV SRWHQWLDOO\ VXEMHFW WR
only type of wood pellets that may not meet Massachusetts standards are those made from
construction and demolition (C&D) waste wood material, thus making it important to obtain
a written statement from your supplier verifying the source.

PD\ UHTXLUH SODQ DSSURYDO IRU WKH LQVWDOODWLRQ RI

ERLOHUV ZLWK

IRVVLO IXHOV ZLWK ELRPDVV IRU VSDFH KHDWLOJ UHVXOWY LO D VLJQ

RY

ENSURETHE
CHIMNE Y ISTHE
CORRECT HEIGHT

State air quality regulators with
the Massachusetts Department of
Environmental Protection or an
engineer can assist building owners o,
with determining an appropriate

chimney height for your site (see
FRQWDFW GHWDLOV RQ §
factors as local topography, wind
movement patterns, and neighbor
ing buildings should be taken into
consideration when sizing a chim

J
ney. The chimney should be high i
enough to disperse the exhaust—
and any pollutants it contains—into - W
the prevailing winds.

V Z
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A primary advantage

to using wood pellets for
space heating is the savings
in heating costs that are
generated by replacing
expensive fossil fuels

with less expensive wood
pellets.

Economic Analysis of Wood
Pellet Heating Systems

Cost Effectiveness of Wood Pellet
Heating Systems

A primary advantage to using wood pellets for space heating is the savings in heating costs
that are generated by replacing expensive fossil fuels with less expensive wood pellets. These
VDYLQJV FDQ EH FDOFXODWHG RQ D AUVW \HDU EDVLV R
over the expected life of the wood pellet boiler. An important question for potential owners

of wood pellet boilers is the extent to which the fuel cost savings justify the cost of the

project.

W HEN ARE PELLET BOILER SYSTEMS CO ST EFFECTIVE?

/&& DQDO\WLVY FDQ EH XVHG WR LQIRUP D EXLOCG
to wood pellet heating. In calculating potential fuel cost savings, the LCC analysis considers
VHYHUDO HFRQRPLF YDULDEOHYVY VXFK DV HVWLPDWHYV RI
analysis compares the projected costs of an existing fossil fuel boiler system to the projected
costs of a new wood pellet boiler system, and shows il:e (NPV) of savings
over the life of the system.

Spreadsheet-based LCC analysis tools are available from:
« Biomass Energy Resource Center

» Natural Resources Canada (RETScreen)

« Universities of Wisconsin and Alaska

 Select architects or engineers
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LIFE CYCLE
COST ANALYSIS
TOOL

A life cycle cost analysis

tool takes a number of

economic parameters

into consideration when

calculating the cost

effectiveness of installing

a wood pellet heating

VA\VWHP VHH SDJHV
IRU IXO0O VL]HG VF



GENERAL INDICAT ORSOF CO ST EFFECTIVENESS The best candidates for

7KH EHVW FDQGLGDWHYV IRU KHDWLQJ ZLWK ZRRG SH O O HatinguhthBxdod pelleisy EHW Z|
square feet (SF) that use heating oil, propane, or electricity for space heat and/or for serving are buildings between

Iarg.e domestic hot water'loa.ds. Electric he_at is th'e most expensive, therefore fue! cost 10,000 and 50,000 square

savings generated by switching from electric heating to wood pellets could potentially ) i
be substantial, although the costs of converting the electric heaters to hot water heat feet that use heating oil,

distribution must be part of the analysis. Propane is typically the next most expensive heatingpropane, or electricity

IXHO IROORZHG E\ KHDWLQJ RLO /&& DQDO\VLV DVVXPHy g@@é/ﬁblé‘t\(éh\y/bf(fﬂrLQADWL

IXHOV DV ZHOO DV WKH JHQHUDO LQADWLRQ UDWH DQG gﬁl@qlﬁgﬁwd%%%%LQWR FR
AQDQFLDO LQFHQWLYHV IRU ZRRG HQHUJ\ VXFK DV SRV\?LE x?JH [HV RQ F
hot water loads.

The graphs on the following page show the potential for wood pellets to be a cost-effective

alternative heating fuel when compared to oil, propane, natural gas, and electric heat. The

LCC of a wood pellet heating system was compared to that of each of the fossil fuel heating

systems across a range of heat load sizes and fuel prices. On each graph there is a line that

represents the “break-even” point, at which the wood pellet system costs just as much as it

VDYHV RYHU WKH OLIH RI WKH V\VWHP \HDUV $W FRQYHQWLRQDO HQHUJ\ SULF
rates above the break even line, wood pellets would be a cost-effective alternative heating

fuel. At the prices and consumption rates below the break even line, wood pellets are not

likely to be cost effective. The farther above or below the break-even line, the clearer the

message of the graph. While these graphs give a general idea of cost effectiveness for a range

Rl VLWXDWLRQV D VLWH VSHFLAF /&& DQDO\VLVY ZLOO JLYH PRUH GHAQLWLYH DQV]
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Wood Pellet Heating

BREAK-EVEN ENERGY PRICES: WOOD
PELLETS COMPARED TO OIL, PROPANE,
NATURAL GAS & ELECTRIC HEAT

The graphs on this page demonstrate the price
points and annual consumption rates above which
wood pellet heating is likely to be cost effective.
The break-even line illustrates the point for each
price and consumption rate where wood pellets
would cost the same as heating with the existing
fuel. Above the break-even line, wood pellets are
likely to be a cost-effective alternative; below the
line, they are likely not to be.

Building owners can input their consumption rate
and current fuel price into the appropriate graph
to determine whether or not wood pellets would

PDNH JRRG AQDQFLDO VHQVH DW W

JRU H[DPSOH D EXLOGLQJ WKDW XV

of oil per year for heating where the price is

ORZHU WKDQ JDO ZRXOG EH EH

even point for cost effectiveness, thus it would
not be a good candidate for heating with wood
pellets. Alternatively, the building might be a good

FDQGLGDWH LI WKH RLO SULFH ZDV

ELECTRIC

Arvual Electric Heat Consumption (kWh)

BREAK-EVEN LINE



How-To Do a Detailed Life Cycle Cost Analysis

DEFINE THE PROJECT &ITS COSTS ASSUMPTIONS & DATA REQU IREMENTS

Wood pellet boiler systems are one of the least expensive bio  When comparing two heating system options, for

mass heating options to purchase and install and often do not example, wood pellet and oil heat, the cost of own

require any newly constructed space. The full cost of the wood ing and operating each must be characterized in

pellet boiler system is dependent on the capacity of the boiler, the same way. The option with the lower LCC will

plus the cost of the equipment associated with it (suchasthe EH WKH EHWWHU AQDQFLDO LQYHVWPHQW

storage silo). There is also a cost for installing the system, incluq . .

) ’ ) o ~1n general, the important parameters for doing

ing connecting the plumbing and controls to the existing heat dis._ |. . :
27 i _a life cycle cost analysis of a wood pellet heating

tribution system. Complete wood pellet systems typically cost INSystem are:

WKH UDQJH RI WR SHU 00%WX, PHDVXUHG DV KHDW

RXWSXW $ TXDOLAHG SURIHVVLRQDO BUJASYIsTreauirmen ang (Isiaton a9y

GRU
FDQ SURYLGH VLWH VSHFLAF SURMHFW IEQ\EQIXI?\}'\HEP%Q/\)I-FVRQVWUXFWLR% RU VLWH A

. .  Costs for system design and project
Whether contemplating wood pellets for a heating system-con

_ _ ; _ wl sis of th management
version pr r for new construction nalysi . :
© SO. project or fo e. const gcto -afull analysis of the C_OSt- The expected life of the wood pellet boiler
effectiveness of any project requires that all costs of purchasing system

and installing the system, as well as purchasing fuel and operating

the system, are considered. Cost components of a wood pellet * Estlma'Fed costshfor an.y_equm(;r??nt ][eEIacements
heating system may include the following: or repairs over the anticipated life of the system

» Costs associated with maintaining and operating

» System equipment and installation : )
the back-up fuel system, including fuel purchases

» Complete fuel storage and handling system, including installa

tion and any optional system components « The projected volume of wood pellets required

. - . . each year;
 Construction (such as building additional boiler room space or h ) dvol ¢ back-up fuel e
a new boiler house, if required) » The projected volume of back-up fuel require

. I . . L annuall
* Site costs (possibly including driveways for fuel deliveries) y
» Chimney equipment and installation, if required
» Emissions permit or control equipment, if required

» The current price of wood pellets, back-up fuel,
and electricity
» The rates of escalation for wood pellet, back-up
fuel, and electricity
» Connection of controls and piping to the existing system £$QQXDO JHQHUDO LQADWLRQ UDWH WR PR

In addition to the cost of purchasing and installing a wood pellet costs of operation and mamte\nance

boiler, ongoing costs for operating and maintaining the system ¥ 7KH SURMHFWHG AUVW \HDU FRVWV Rl UXQ

need to be included in the LCC analysis. In the same way that a Wood pellet system, including costs for electric

fossil fuel heating system requires general maintenance, a wood  Ity, Staff time, and routine maintenance

SHOOHW ERLOHU ZLOO UHTXLUH RQ DY Hhepmijacted cost pim@ixniepairs sr-au agpal | R U

an operator to keep the system running smoothly. The costas  basis

VRFLDWHG ZLWK WKH RSHUDWRU: -V WLP HinaBchgZbstsO DV URXWLQH SDUWV RU

service, should be included. $$PRXQW RI DQ\ AQDQFLDO LQFHQWLYHV VX
or tax breaks, that will offset any portion of the
project cost

 Professional fees (such as those for engineering)
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Fictional Case Studies of Life Cycle Cost
Savings

GENERIC HARDWARE STORE

$ AFWLRQDO KDUGZDUH VWRUH LV ORFDWHG ZLW In those cases where an LCC OH

center in Massachusetts. The store, including its associated storage space, is rou .
analysis shows that a wood

6) DQG XVHV JDOORQV RI KHDWLQJ RLO S

ORQ 7KH DQQXDO KHDWLQJ IXHO ELOO bw wkLv Pellet boiler system installed 'KH

PLOHV RI WKH ZRRG SHOOHW GHSRW WKH FRV\ ata certain site at current v u
SHU WRQ LQFOXGLQJ GHOLYHU\ FKDUJHV fuel prices would not be cost

In addition to calculating the fuel requirements of this wood pellet heating system effective, the tool can then

and a total project cost of $39,817, the LCC analysis shows that the owners of the be used to determine the
KDUGZDUH VWRUH FRXOG VDYH DERXW SRU int t which the sit U F
eration. These savings are realized after the cost of purchasing fuel and the costs point(s) at whic e SI. e

operation and maintenance have been subtracted from the fuel cost savings. This ~ Would be a good candidate for

WUDQVODWHY WR D QHW VDYLQJV RI DSSUR[LPDV conversion. RY
after accounting for the rise in costs of operation and maintenance due to general
LQADWLRQ 7KLV EXLOGLQJ ZRXOG EH D JRRG FD < Z
GENERIC TOWN HALL
7KLV AFWLRQDO 7RZQ +DOO UHSUHVHQWYV D PXQL RF
PLOHVY RI D ZRRG SHOOHW GLVWULEXWLRQ FHQW!| I W
LWV 3 6) 7KH HQWLUH VSDFH LV KHDWHG E\ R 1U
RLO LV FXUUHQWO\ SHU JDOORQ DQG ZRRG S OH
per ton.
7KH /&& DQDO\VLV VKRZV WKDW WKH 7RZQ +DOO Z RQ)
SHU \HDU DQG HVWLPDWHYVY WKH V\VWHP ZRXOG F an
WKH AUVW \HDU RI RSHUDWLRQ ZRXOG EH SHUF 4F\
WKH ZRRG SHOOHW ERLOHU WKH 7RZQ +DOO ZRX( Q
GROODUYV 7KH 7TRZQ +DOO LV D JRRG FDQGLC 1D\

Sensitivity Analysis

In cases where an LCC analysis shows that a wood pellet boiler system installed :
a certain site at current fuel prices would not be cost effective, the tool can be use
to determine the point(s) at which the wood pellet boiler system might become
cost effective. For example, a wood pellet boiler system may not be cost effective
at the current fuel price being used in the analysis; however, if the price were to
go up over the next couple of years, the system may become a good candidate fol
conversion.
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Financial Incentives for Wood
Pellet Boiler Systems

MASSACH USETTS TAX INCENTI VES

The Massachusetts Department of Energy Resources (DOER)
website lists several tax incentive programs for renewable energy
projects. A professional tax consultant can assist with determin
ing eligibility for and claiming these incentives.

+ State Income Tax Credit

+ State Sales Tax Exemption
 Local Property Tax Exemption

» Corporate Income Tax Deduction

OTHER COMMONWEA LTH INCENTI VES
In addition to the tax incentives listed on the DOER website,

Modi ed Accelerated Cost Recovery System

(MACRS)

The MACRS provisions of the federal tax code give-busi
nesses the opportunity to recover investments in renewable
energy systems by taking depreciation deductions over an
DFFHOHUDWHG AYH \HDU SHULRG

Tax Incentives for Grants and Subsidies

Funds awarded to projects as part of federal programs may
be exempt from taxation.

Grants, Financing Provisions, Production Incentives
& Other Programs

WKHUH DUH WZR RWKHU SULPDU\ VR XU F H kedernal Agemrossuch@s the Papaytwantad Energyy

wood pellet heating projects in Massachusetts. These can be in

Environmental Protection Agency, and Department of

WKH IRUP RI UHLPEXUVHPHQWYV RU AQ D Q Fulturepgriodivglly gfferprograms designed to eneour

1. Massachusetts School Building Authority  offers reim
bursement money on a demonstrated need basis to communities
that are improving existing schools or constructing new school
buildings. An additional two percent is awarded for projects

that meet the Massachusetts High Performance Schools criteria
(http://www.massschoolbuildings.org/Documents/PDF/MA-

&+36B*UHHQB6FKRROB*XLGHOLQHVB B B

installation of biomass heating systems.
(http://www.massschoolbuildings.org/index.htm).

2. MassDevelopment

age the research, development, and deployment of renew
able energy technologies.

7KLV AQDQFH DJHQF\ RIIHUV ORDQV JXDL

programs to Massachusetts businesses that are looking to grow
their operation while supporting local economic development.
(http://www.massdevelopment.com/)

FEDERAL INCENTI VES

,Q DGGLWLRQ WR ODVVDFKXVHWWY EDVH(

numerous federal-level incentives available to businesses, munici

SDOLWLHV DQG QRQSURAWYV 7KH\ DUH D(

DOER website. A professional tax consultant can assist with de
termining eligibility for and claiming these incentives.

Business Tax Incentive (http://www.energytaxincentives.org/
business/commercial_buildings.php)

$ WD[ FUHGLW IRU XS WR
ers, tenants, or federal building designers, for heating system

SHU 6) LV D

SURMHFWY WKDW UHGXFH KHDWLQJ FRVW
SURJUDP LV VFKHGXOHG WR FRQWLQXH W
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ACID RAIN: Cloud or rain droplets containing such HEATING DEGREE DAYS: A measure used
pollutants as oxides of sulfur and nitrogen, damaging to estimate energy requirements for heating. It
trees, soils, and aquatic environments. is calculated by subtracting the average daily
temperature in a given area from 65 degrees
Farenheit. Yearly totals can be used to compare the
severity of the winter in different regions.

ASH CONTENT : The amount of ash produced
during combustion relative to the amount of fuel
fed into the wood pellet boiler. Ash content is one
indicator of quality for wood pellet fuel. Ash content  LIFE CYCLE COST: The total cost to purchase,

for wood pellets should be between 1 and 3 percent. own, and operate a piece of equipment over its entire
life. The life cycle costs of several heating system
options can be compared to determine which option
will be the least expensive to own and operate over
the entire expected life of the heating system.

BIOMASS: Any biological material, such as wood or
grass, that can be used as fuel. Biomass fuel is burned
or converted in systems that produce heat, electricity,
or both. MILLION BRITISH THERMA L UNITS

(MMBTU): The amount of heat energy roughly
equivalent to that produced by burning eight gallons
of gasoline.

BRITISH THERMA L UNIT (BTU): A unit used to
measure the quantity of heat, de ned as the quantity
of energy required to heat 1 Ib. of water 1° F. It
takes about 1,200 Btu to boil 1 gallon of water. MOISTURE CONTENT : The total amount of
water in a biomass fuel given as a percentage of the
total weight of the fuel. Wood pellets, for example,
typically have 6 percent moisture content, while
woodchips have 40 percent and heating oil has 0
percent.

CRITERIA AIR POLLU TANTS : A group of

air pollutants regulated by the US Environmental
Protection Agency and state air pollution control
agencies to protect human health and the
environment.

NET PRESENTVALUE (NPV) OF SAVINGS:

The difference, in current year dollars, between

the value of the cash in ows and the value of the
cash out ows associated with operating an energy
investment. A positive NPV of savings indicates that,
from society’s economic perspective, the project is
worth doing. A negative NPV of savings indicates
that a project is not economically worth doing.

ENERGY CONTENT : The total Btu per unit

of fuel. For biomass fuels, energy content can be
considered on a dry or wet basis, since the amount of
energy per pound of fuel is reduced with increasing
moisture content.

FOSSIL FUELS: A group of combustible fuels, such
as oil, propane, coal, or natural gas, formed from the

decay of plant that animal matter and can be burned  pARTIC UL ATE MATTER (PM): Extremely small

to produce energy. Liquid fossil fuels include oil, pieces of solid matter (or very ne droplets) ranging
gaseous fossil fuels include propane, and solid fossil iy, gjze from visible to invisible. Relatively small PM—
fuels include coal. 10 micrometers or less in diameter—is called PM10.
Small PM is of greater concern for human health than
larger PM, since small particles remain airborn for
longer distances and can be inhaled deeply within the
lungs.

GLOB AL CLIMATE CHANGE : Atermthatis
interchangeable with “global warming” and refers

to the warming of the earth caused by the buildup

of greenhouse gases (such as carbon dioxide, water
vapor, and methane) in the atmosphere. While these
gases are naturally occurring, humans are increasing
these amounts through burning fossil fuels and other
activities.
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Next Steps

Building owners wishing to install wood pellet heating should begin by taking the
following steps:
» Review the four cost-effectiveness graphs provided in this guidebook (page 18) to get
D SUHOLPLQDU\ VHQVH Rl ZKHWKHU ZRRG SHOOHW KHDWLQJ ZLOO PDNH AQDQFLC
» Undertake a preliminary feasibility study to determine whether the wood pellet-heat
ing project will be cost effective. This study will include the preliminary analysis of
VLWH VSHFLAF GDWD DQG HVWLPDWHG SURMHFW FRVWYV
« Tour facilities with existing wood pellet heating systems. Seeing this technology and
talking with current owners is extremely valuable in addressing doubts and concerns.
* Identify any potential funding sources or renewable energy incentives that may be
available from the Commonwealth of Massachusetts, the federal government, or other
VRXUFHV VHH AQDQFLDO LQFHQWLYHV RQ SDJH
t)RU PXQLFLSDO RU SXEOLF SURMHFWY HGXFDWH WKH SXEOLF DERXW WKH EHQHA
prior to any vote.
» Learn about the air quality permitting requirements in the area and work with air
quality regulators to determine whether an operating permit will be needed before a
wood pellet heating system is purchased and installed.
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%LRPDVV (QHUJ\ 5 HVRXUFH &HQWHU
Pellet System Life Cycle Cost Analysis

(compared to operating existing fossil fuel system)

Organization Conducting Analysis:

Biomass Energy Resource Center

[Facility Name: |

Fictional Hardware Store (10,000 SF)

[Biomass Boiler Size:

[300,000 Btu/hour |

$40,250
0%
4.50%
20

$40,250
$0
38

36

230

28%
$3,208

363,010
323,193
$39,817

Current fuel oil Wood system $30,000 Total Project Cost

Current fuel units gallons Stack $3,000 Percentage cost share

Current fuel price per unit $2.35 System Controls $0 Financing, annual bond rate

Annual units, current fuel 4,600 Electrical Connections $0 Finance term (years)

Interconnection $2,000
Pellet price, yr 1 (per ton) $200 Financed amount
Pellet heating fraction (annual heat load) 95% Value of cost share
Building Annual pellet use, if 100% pellets (tons)

General annual inflation rate 3.25% Pellet/oil fuel system:

Discount rate 4.50% Total capital $35,000 Annual pellet use tons

Fossil fuel inflation (w/ genl inflation) 5.25% GC markup 15% $5,250 Annual oil use gallons

Pellet inflation (w/ genl inflation) 4.25% Design 10% $0 First year fuel cost savings (% |

First year fuel cost savings ($)

Ann. Wood O&M cost, yr 1 $2,115 Grand Total $40,250

Major repairs (annualized) $150 Total 30-Year Cost, fossil fuel system

Estimated Boiler Life 40 Total 30-Year Cost, pellet system

Estimated Building Life 60 Difference (30-year NPV of savings )

LIFE CYCLE COST ANALYSIS

Inflation Fossil Fuel Wood Pellet/Fossil Fuel System Total
Calculator Total Capital Pellet Fossil Fuel Incremental Annualized Total 30-Yr Cost  Total 30-Yr Cost  Annualized

Yr. Annual Cost Cost Cost Cost Annualized O&M  Major Repairs (w/o capital cost) (w/o Finance) Savings
0 1.000 $10,810 $40,250 $0 $0 $0 $0 $0 40,250 ($40,250)
1 1.033 $11,378 $0 $7,600 $569 $2,184 $155 $10,508 10,508 $870
2 1.066 $11,975 $0 $7,923 $599 $2,255 $160 $10,937 10,937 $1,038
3 1.101 $12,604 $0 $8,260 $630 $2,328 $165 $11,383 11,383 $1,220
4 1.136 $13,265 $0 $8,611 $663 $2,404 $170 $11,848 11,848 $1,417
5 1.173 $13,962 $0 $8,977 $698 $2,482 $176 $12,333 12,333 $1,629
6 1.212 $14,695 $0 $9,359 $735 $2,562 $182 $12,837 12,837 $1,857
7 1.251 $15,466 $0 $9,756 $773 $2,646 $188 $13,363 13,363 $2,103
8 1.292 $16,278 $0 $10,171 $814 $2,732 $194 $13,910 13,910 $2,368
9 1.334 $17,133 $0 $10,603 $857 $2,820 $200 $14,480 14,480 $2,652
10 1.377 $18,032 $0 $11,054 $902 $2,912 $207 $15,074 15,074 $2,958
11 1.422 $18,979 $0 $11,524 $949 $3,007 $213 $15,693 15,693 $3,286
12 1.468 $19,975 $0 $12,013 $999 $3,104 $220 $16,337 16,337 $3,638
13 1.516 $21,024 $0 $12,524 $1,051 $3,205 $227 $17,008 17,008 $4,016
14 1.565 $22,128 $0 $13,056 $1,106 $3,310 $235 $17,707 17,707 $4,421
15 1.616 $23,289 $0 $13,611 $1,164 $3,417 $242 $18,435 18,435 $4,854
16 1.668 $24,512 $0 $14,189 $1,226 $3,528 $250 $19,194 19,194 $5,319
17 1.722 $25,799 $0 $14,793 $1,290 $3,643 $258 $19,984 19,984 $5,815
18 1.778 $27,153 $0 $15,421 $1,358 $3,761 $267 $20,807 20,807 $6,346
19 1.836 $28,579 $0 $16,077 $1,429 $3,883 $275 $21,664 21,664 $6,914
20 1.896 $30,079 $0 $16,760 $1,504 $4,010 $284 $22,558 22,558 $7,521
21 1.957 $31,658 $0 $17,472 $1,583 $4,140 $294 $23,489 23,489 $8,170
22 2.021 $33,321 $0 $18,215 $1,666 $4,275 $303 $24,459 24,459 $8,862
23 2.087 $35,070 $0 $18,989 $1,753 $4,413 $313 $25,469 25,469 $9,601
24 2.155 $36,911 $0 $19,796 $1,846 $4,557 $323 $26,522 26,522 $10,389
25 2.225 $38,849 $0 $20,637 $1,942 $4,705 $334 $27,618 27,618 $11,230
26 2.297 $40,888 $0 $21,514 $2,044 $4,858 $345 $28,761 28,761 $12,127
27 2.372 $43,035 $0 $22,429 $2,152 $5,016 $356 $29,952 29,952 $13,083
28 2.449 $45,294 $0 $23,382 $2,265 $5,179 $367 $31,193 31,193 $14,102
29 2.528 $47,672 $0 $24,376 $2,384 $5,347 $379 $32,486 32,486 $15,187
30 2.610 $50,175 ($10,063) $25,412 $2,509 $5,521 $392 $33,833 23,770 $26,405
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%LRPDVV (QHUJ\ 5 HVRXUFH &HQWHU
Pellet System Life Cycle Cost Analysis

(compared to operating existing fossil fuel system)

Organization Conducting Analysis:

Biomass Energy Resource Center

[Facility Name: |

Fictional Town Hall (30,000 SF)

[Biomass Boiler Size:

[ 1 MMBtu/hour |

Current fuel

oil

Wood system

$100,000

Total Project Cost

$124,200
0%
4.50%

20

$124,200
$0
115

109

690

28%
$9,625

1,089,030
877,309
$211,722

Current fuel units gallons Stack $5,000 Percentage cost share

Current fuel price per unit $2.35 System Controls Financing, annual bond rate

Annual units, current fuel 13,800 Electrical Connections Finance term (years)

Interconnection $3,000
Pellet price, yr 1 (per ton) $200 Financed amount
Pellet heating fraction (annual heat load) 95% Value of cost share
Building $0 Annual pellet use, if 100% pellets (tons)

General annual inflation rate 3.25% Pellet/oil fuel system:

Discount rate 4.50% Total capital $108,000 Annual pellet use tons

Fossil Fuel inflation (w/ genl inflation) 5.25% GC markup 15% $16,200 Annual oil use gallons

Pellet inflation (w/ genl inflation) 4.25% Design 10% $0 First year fuel cost savings (% |

First year fuel cost savings ($)

Ann. Wood O&M cost, yr 1 $2,550 Grand Total $124,200

Major repairs (annualized) $430 Total 30-Year Cost, fossil fuel system

Estimated Boiler Life 40 Total 30-Year Cost, pellet system

Estimated Building Life 60 Difference (30-year NPV of savings )

LIFE CYCLE COST ANALYSIS

Fossil Fuel Wood Pellet/Fossil Fuel System Total
Inflation Total Capital Pellet Fossil Fuel Incremental Annualized Total 30-Yr Cost  Total 30-Yr Cost  Annualized

Yr. Calculator Annual Cost Cost Cost Cost Annualized O&M  Major Repairs (w/o capital cost) (w/o Finance) Savings
0 1.000 $32,430 $124,200 $0 $0 $0 $0 $0 124,200 ($124,200)
1 1.033 $34,133 $0 $22,801 $1,707 $2,633 $444 $27,584 27,584 $6,548
2 1.066 $35,925 $0 $23,770 $1,796 $2,718 $458 $28,743 28,743 $7,182
3 1.101 $37,811 $0 $24,780 $1,891 $2,807 $473 $29,951 29,951 $7,860
4 1.136 $39,796 $0 $25,833 $1,990 $2,898 $489 $31,210 31,210 $8,586
5 1.173 $41,885 $0 $26,931 $2,094 $2,992 $505 $32,522 32,522 $9,363
6 1.212 $44,084 $0 $28,076 $2,204 $3,089 $521 $33,890 33,890 $10,194
7 1.251 $46,398 $0 $29,269 $2,320 $3,190 $538 $35,316 35,316 $11,082
8 1.292 $48,834 $0 $30,513 $2,442 $3,294 $555 $36,803 36,803 $12,031
9 1.334 $51,398 $0 $31,809 $2,570 $3,401 $573 $38,353 38,353 $13,045
10 1.377 $54,096 $0 $33,161 $2,705 $3,511 $592 $39,969 39,969 $14,127
11 1.422 $56,936 $0 $34,571 $2,847 $3,625 $611 $41,654 41,654 $15,282
12 1.468 $59,926 $0 $36,040 $2,996 $3,743 $631 $43,410 43,410 $16,515
13 1.516 $63,072 $0 $37,572 $3,154 $3,865 $652 $45,242 45,242 $17,830
14 1.565 $66,383 $0 $39,168 $3,319 $3,990 $673 $47,151 47,151 $19,232
15 1.616 $69,868 $0 $40,833 $3,493 $4,120 $695 $49,141 49,141 $20,727
16 1.668 $73,536 $0 $42,568 $3,677 $4,254 $717 $51,216 51,216 $22,320
17 1.722 $77,397 $0 $44,378 $3,870 $4,392 $741 $53,380 53,380 $24,017
18 1.778 $81,460 $0 $46,264 $4,073 $4,535 $765 $55,636 55,636 $25,824
19 1.836 $85,737 $0 $48,230 $4,287 $4,682 $790 $57,989 57,989 $27,748
20 1.896 $90,238 $0 $50,280 $4,512 $4,834 $815 $60,441 60,441 $29,797
21 1.957 $94,975 $0 $52,417 $4,749 $4,992 $842 $62,999 62,999 $31,977
22 2.021 $99,962 $0 $54,644 $4,998 $5,154 $869 $65,665 65,665 $34,296
23 2.087 $105,210 $0 $56,967 $5,260 $5,321 $897 $68,446 68,446 $36,764
24 2.155 $110,733 $0 $59,388 $5,537 $5,494 $926 $71,345 71,345 $39,388
25 2.225 $116,547 $0 $61,912 $5,827 $5,673 $957 $74,368 74,368 $42,178
26 2.297 $122,665 $0 $64,543 $6,133 $5,857 $988 $77,521 77,521 $45,144
27 2.372 $129,105 $0 $67,286 $6,455 $6,047 $1,020 $80,809 80,809 $48,297
28 2.449 $135,883 $0 $70,146 $6,794 $6,244 $1,053 $84,237 84,237 $51,646
29 2.528 $143,017 $0 $73,127 $7,151 $6,447 $1,087 $87,812 87,812 $55,205
30 2.610 $150,526 ($31,050) $76,235 $7,526 $6,656 $1,122 $91,540 60,490 $90,036

25 Wood Pellet Heating
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BULKWOO D PELLET SUPPLIERS
Narragansett Pellet Corporation,

( SBURYLGHQFH 5,

Natural Living Innovations,

( BURYLGHQFH 5,

New England Wood Pellet, Inc.,
-DITUH\ 1+

WOO D PELLET SYSTEM VEND ORS

AFS Energy Systems, Inc. (717) 763-8689
$OWHUUXV %LRHQHUJ\

%LRPDVV &RPPRGLWLHVY &RUSRUDWLRQ
'"HFNHU

(QHUJ\&DELQ

+DUPDQ 6WRYHV

3UR )DE ,QGXVWULHV ,QF

6RODJHQ 3
7$50 86%
Trager/Pinnacle (866) 967-9777

CONTACT INFORMATION

Massachusetts Division of Energy Resources
&DPEULGJH 6WUHHW 6XLWH %RVWRQ 0%

Massachusetts Department of Conservation & Recreation
&DXVHZD\ 6WUHHW 6XLWH
%RVWRQ 0%

Massachusetts Department of Environmental Protection

Air & Climate Program

Bureau of Waste Prevention — Business Compliance Division
2QH :LQWHU 6WUHHW %RVWRQ 0%

Massachusetts Department of Revenue
32 %R] %RVWRQ 0%

Massachusetts School Building Authority
&HQWHU 30D]D 6XLWH %RVWRQ 0%

Northeast Regional Biomass Program

Biomass Energy Resource Center
32 BRI 6WDWH 6WUHHW ORQWSHOLHU 97
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workers in the facilities for

PROCESSING & MANUFACTURING

400 ”

workers in the operations for
WOODLANDS & HARVESTING

350

workers in the area of
TRUCK DRIVING & TRANSPORTATI/ON »?

2 =100 workers.

B.C.’s wood pellet industry is playing a major role in developing renewable
bioenergy sources locally and internationally with growing production and
export markets.

There are currently 11 wood pellet plants operating in B.C. They are located
the communities of Armstrong, Burns Lake, Houston, Kelowna, Prince Geor
Princeton, Quesnel, Strathnaver, Vanderhoof (two facilities), and Williams La

The combined production capacity of these 11 facilities is about 1.7 million
tonnes per year.

B.C. is home to seven wood pellet companies: Pinnacle Pellet (which operat
ve plants), Paci ¢ BioEnergy, Northwest Wood Preservers, Houston Pellet,
Princeton Co-Generation, Premium Pellet, and Okanagan Pellets (also know
Viridis Energy).

BEurope is the world’s largest market for pellet products. Green energy policie
in Europe — where power companies earn carbon credits by replacing coal
with renewable wood fuel — have resulted in increased pellet demand.
Emerging energy policies in Asian countries are also expected to drive
increased pellet demand.

Practically non-existent a decade ago, this fast-growing industry now
contributes about $185 million annually to the provincial economy.

British Columbia exported 94 per cent of its wood pellet production in 2009.
B.C's leading markets for wood pellets are Europe (84 per cent of total expo
the United States (eight per cent) and Asia (eight per cent).

British Columbia represents about 66 per cent of Canada’s wood pellet
production capacity, far ahead of the Atlantic provinces at a combined

18 per cent, Quebec at 11 per cent, Alberta at ve per cent, and Ontario at
one per cent.

In B.C. wood pellets are mainly made from logging residues, timber killed by
the mountain pine beetle infestation, sawmilling scraps and waste wood,
compacted sawdust, and planer shavings.

Wood pellet production is a key segment of the bioenergy sector and an
important part of the provincial strategy for growing British Columbia’s nature
energy advantage.
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@ Houston Pellet — Houston
Pinnacle Pellet — Burns Lake
Northwest Wood Preservers — Vanderhoof
Premium Pellet — Vanderhoof
Paci ¢ BioEnergy — Prince George
Pinnacle Pellet — Strathnaver
Pinnacle Pellet — Quesnel
Pinnacle Pellet — Williams Lake
Pinnacle Pellet — Armstrong
Okanagan Pellets (Viridis Energy) — Kelowna
Princeton Co-generation — Princeton

Wood pellets are used to heat the enhanced forestry lab at the University |
Northern British Columbia (UNBC). In addition to bioenergy research, UNI
wood pellet system is a demonstration project for industrial and communit
heating purposes.

Wood pellets are burned at an extremely high temperature (1,500 degrees
Celsius) and leave very little waste behind. A 40-pound bag of pellets produc
only three ounces of ash, making wood pellets one of the cleaner-burning
sources of fuel and energy.

Wood pellets are one way to help ght climate change. They reduce the
amount of carbon dioxide released into the atmosphere when they replace
a non-renewable source of energy such as coal or oil. Unlike fossil fuels,
pellets are carbon-neutral since the wood is part of the current carbon cycle
Wood pellets are also environmentally friendly as they generate heat withou
contributing particulate to the atmosphere.

www.bcbioenergy.com

For more information about wood pellets visit the
Wood Pellet Association of Canada websitenat/w.pellet.org
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Woody Biomass for Energy Generation in Vietnafinal Report

1.INTRODUCTION TO THE STUDY

This study providesan oveview of the opportunities of woody biomass (residues) for energy
generation, including potential future use as well asogerview of the current use. It is
prepared as part of thaJSAID Vietnam Clean Energy Program, funded by the USAilfol
with Winrock International as the main implementer

The main focus of the Vietham Clean Energy Program;IBuh3 is to increase public and
private investment in and piloting of renewable energy technologies. This is split into 3 focus
areas:

X Result 2.3.1 Developeisave economically viable renewable energy projects
x Result 2.3.2 Policy framework for renewable energy facilitates private sector investments
X Result 2.3.3 Offgrid poor communities gain access to renewable energy

Woody Biomass is high potential source adnergy for Vietham. Wood has several important
advantages, mainly related to their characteristics and the fact that it can easily and with high
efficiencies (in general) converted to energy, especially when we talk about wood residues as
this is arenewalbe source Substantial amounts of woagsidues aste are widely used by
households and industriesneanly for cooking and heatingpn household levelwhereas
industrial applications range from mineral processing, food and agro processing, metal
processig, and textiles.

Section 2 and Section 3 provide a general view onwloedy biomass exploitation in Vietnam
and the energy potential from forestry sectoit also gives an overview of local technology
supply These two sections provide an insight intd fakrm of wood residues which originated
from forests harvesting activities (direct woddels) and from other wood processing
activities such as sawmills and timber manufactures (indirect viusid).

Section 4 and 5 introduce the current wood energy #ension technologies and equipment
used in Vietnanranging from densification technologies like pelletizing to large scale industrial
use of woody biomassThe woody biomass conversion technologies can be classified into
three categories: traditional, s&of-the-art, and emerging technologies.

2.WOODY BIOMASS EXPLOATION IN VIETNAM

In this chapter background information will be provided, based on existing literature and
interviews, on the forestry sector and developments in Vietham. There is no concidtdat
available on the forestry sector, and many different reports and sources give
(sometimeslightly different figures on forest sizes, wood collection from forest and other
parameters. For this report some key reports have been usedh similar data(but not
identical),but in some cases there might be small differences between the data mentioned due
to the different sources (MARD, 2012), (MARD, Vietnam Forest Development Strategy, 2006
2020), (FAO, 2009), (FAO, 2002), (SNV, 2012), (VN Forest, 20d@)&orest Trend, 2013).

2.1 Background on forest development

The foress in Vietham variedver time, in 1943, Vietham had 14.3 million hectare of forest
area, with 43% of forest cover. However, the forest area rapidly decreased in period of 1980

1
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to 1990, logng 100,000 hectare annualtgducing to 9.18 million hectare in 1990 with a forest
cover of only around27%. From 199@nwardsforest areaand coveragdas been increasing

as a result of the forest development strategunched byMARD in 1995n combinaion with

a large number of programs to protect forests and increase both the quantity and quality of
forests throughout the country In 2006 forest area in Vietham was 874 million ha (38%
forest cover), of which 10.41 miin ha were natural forest red 2464 million ha were
plantation forestAccording to the latest update of forestry in 2012 by MARD, theralisost

14 million hectareof land covered by foresd1% forest covel), which ismainly natural forest
(over 10 million ha). The forest distritsion has been indicated in table below.

There are several definitions to label forest areas, it is defined by the situation that
resemblances to the condition that would obtain in the complete absence of human
intervention. Forests and other wooded landeacharacterized as natural (undisturbed by
man), semnatural (under some degree of management, or evincing past human intervention)
or plantation (under active management) (TBFRA 2000).

TABLEL: THE FOREST DISTRIBUON IN 2012(MARD, 2013)

Area (ha) Belong to 3 forest typés

oo . TE S T T PR QOut of forest
Forest type Subtotal (ha) Specialise Protective Productive land (ha)

forest (ha) forest (ha) forest (ha)

1 Natural forest 10,423,844 2,021,995 4,023,040 4,415,855 44,641
2 Plantation foest 3,438,200 1,940,309 652,364 2,548,561 155,589
a Dense forest 3,039,756 81,686 576,764 2,253,215 137,558
b Yung forest 398,444 9,467 75,600 295,346 18,031
3 Total 13,862,043 2,021,995 4,675,404 6,964,415 200,230
HGUREL: THE FORESTRY AREA ANDOVERAGE IN PERIOD B2005 22012
Forestry coverage area (ha)
14,000,000 - 13,862,043
13,515,064
13,500,000 | 13,388,075
13,118,773 13,258,842
13,000,000 - 12,837,733
12,616,699
12,530,201

12,500,000 -

12,000,000 ] I I

11,500,000 - : : :

2005 2006 2007 2008 2009 2010 2011 2012

Several large programs have been implemented including The Greening oBdrerbgram (Project 327, 199398), the Five Million
Hectare Reforestation Program (192810), the Forestry Extension Program, the National Action Plan for Biodiversity (19952007)
National Action Plan to combat desertiftzn, 20062010. On a picy levelNational Forestry Development Strateg®06t2020 Forest
Protection and Development La®004, The Biodiversity La®008

2Vietnam categorises forests by designated8sarceCirculation 34/2009/TIBNNPTNT, 10 June 2009 ¢fARD.):

1. protectio forest, reserved for watershed and soil protection, prevention of erosion and desertification, and environmentabpreservati
2. specialuse forest, designated mainly for natural area preservation, ecological diversity, germplasm conservationimdeseiarchand

3. production forest, used mainly for timber production in combination with watershed and environmental protection..

2
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The additional attention from the Government, supported by multiple donors have resulted in
increasing forest standing stocks. From 751 millicnim19971999,to 812 million ni in late

2005 of whit natural forest accounted for 93.4&6d by2010the total timber volume of the
whole country increased up to 935 million®nmrhe average volume of the growing stock of
intensive plantation forest was measured to be 40%hm The stocks of bamboo and tan
(nontimber) were high at around 8.5 billion stems distributed in natural forest and some areas
of plantation fores{MARD, 2011).

AGURE2: THE COUNTRY FOREST $NDING STOCK (MARD, 2011
Timber Volume Vietnam

1000
800

600
Total timber volume
400 (Mill.M3)

1997 - 1999 2001 - 2005 2010 (reported
(inventory) (inventory) by provinces)

The distribution of theplantationforest is show in the table below. In the Central & Highlands and in
Northeast, forest cover is high at over 40%. In the Southeast forest cover is about 20% whereas in the
Red River Delta and Mekong River Delta, most of the area is used for agriculturer st ¢over is

below 10% (VNFOREST, 2011t is interesting to look deeper into the net rate of forest change, as
indicated below in Box 1.

Box 1: NETRATE OFFORESTCHANGE 2000- 2005

A 5-year net rate of forest change of almasro

The REDD and Sustainable DevelopmeérPerspective from Viet Nam (SNV, 2010) report shows that the |
rate of forest change in Viet Nam between 2000 and 2005 was relatively close to zero, acknowledging thg
is a large degree of variation thughout the country. Forest cover changed significantly in parts of Viet N
even though increases in some places mask decreases in others when national averages are examine
areas, forest loss was quite drastic between 2000 and 2005. For exaimgle,provinces saw more than 50%
the forest cover they had in 2000 lost by 2005: An Giang saw its cover decline from 18.48% to 7.68%
loss), Tra Vinh from 15.16% to 7.04% (54% loss) Dong Thap from 18.17% to 8.74% (52% loss). Lo
districts, as would be expected from the low national deforestation rate, most have a relatively low net ré
forest changdaround 0 on the plots below). However, some have quite pronounced rates of forest cover lo;

Vietnam plantation forest continued to irease in recent years, with an averagearound
150,006200,000 ha/ear. It is expected that with such an increase in plantation forest in
Vietnam the timber supply for the wood processing industry and the wood chip industry will
also continue to grow.
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TABLE2: THE DISTRIBUTION OPPLANTATION FOREST AREAS IN REINS (HA)

(VNFOREST2011)

Regions 2007 2008 2009 2010 2011
Northeast 116,544 123,863 150,055 152,328 155,394
Northwest 943,899 1,015,266 1,089,600 1.120.793 1,184,844
Red River Delta 47,618 48,547 48,915 48,675 48,701
North Central 576,556 615,443 654,793 679,872 701,160
South Central 342,349 391,892 417,323 491,500 526,117
Highland 157,575 197,324 209,450 220,495 237,366
Southeast 124,448 139,518 133,514 161,840 176,977
Southwest 244,380 238,329 215,886 207,756 199,123
Total 2,553,369 2,770,182 2,919,538 3,083,259 3,229,682

* numbers are slightly different than in table 1 due to the use of different sources.

Vietnam has established 128 special use forest areas covering 2,228,149 ha and accounting for
11.7% of the total forestry area or 6.7% of the total land area. There are 30 national parks, 60
nature reserves and 38 landscape protection areas in the spesgdbrest system.

HGURE3: VIETNAM WOOD PRODUCTDN OUTPUT FROM PLANRTION FOREST AND NATURE FOREST

(HAWA)

Wood production output from
plantation forest(mil.md)

Wood production output
from nature forest(mil. m?)
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HGURE4: THE FOREST COVERAGH MIETNAM IN2010(SNV)

2.2 Forest harvesting and utilization
Forest utilization is in line with forest management regulations under the Decision No. 86/TTg
of the Government and following series of timber and forest products harvesting management
regulations. In 20 May 2011, MARD has issued the Circular No. 35/204BNNPTNT on
guiding the implementation of timber and nomber forest product harvesting and salvaging.

Recently VNFORESTissued the Document No0.98/TCLNSDR dated 10/2/2012 to direct
provinces to strengthen their management of timber and timber product ésting, especially

the harvesting of natural forest timber. The harvesting of plantation forest, processing,
importing, and exporting of timber and timber products have been monitored and examined

thought out country.
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Given consumption trends in recent ysatimberharvest from natural forest, scattered trees
and plantatiorshould reach20-24 million ni/year by 2020 (of which 10 milliom* should be
"ELJpu WIoRaEhE adequate suppty the high demand of the wood processing industry,
it will be necesary to improve forest plantation productivity to average more than 15
m*halyear. Natural forest growth will be-2 m¥/hajear depending on forest status (FAO
2009)

Harvesting fronplantation foress

Vietnam haslmost3.5 million ha of plantation forestMARD, 2011) of whichabout 79346 is
productive forest This can provide approximately 14.8 million®rof timber. In addition,
scattered timber and garden trees is also very large, estimated about 2.5 million m3 per year.
Total production of timber from pntations and gardens households estimated 17.3 million m

in 2011, that is not including about 2 million® mf wood from the rubber tree disposal
(VNFOREST 2013).

According to estimates, about 63 % of the total amount of timber harvested from plantation
forests are being processedoodchips WKDW DUH HQWLUHO\ HI[SRUWHG WR
be used for paper production.he remaining 37 %f total timber harvested go directly to the

pulp and paper, artificial boardfurniture production and constructio or fuelwood as
domestic use§VNFOREST 2012)Y.he structure of plantation forest timber distribution in the

have been given in the figure below.

FAGURES: THE FLOW OF WOOD FROMPLANTATION FOREST AR SCATTED TREES IR011
(FOREBSTTRENDS2013)

Natural forest

The State Forest Enterprises (SFE) masagkout 26% of te natural forest for timber
production. Conventional loggings are carried out by SFE or logging contractors. Intensive
logging happened in the period fron®76 to 1980 with 1.62 milliorm® /year, many forest
areas have been degradadd thenon-commercial crops trees are left in the forestfluencing

the biodiversity However, the amount of timber being harvest&ddm the natural foresthas
considerably redeed over the last few years, for examplérom 1.2 million ni in 1992,to
450,000m® in 19961997 and 300,000m® in 200:2002 From 2005 up to date, the natural
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forest logging are set down to 200,006°/year. The changes in the natural forest harvesting
are given in the table below.

TABLE3: THE NATURAL FOREST MBER HARVESNG
(VIETNAMFORESTRY HANDBOOKMARD 2012,2013)

Time Nature Forest exploited Annual exploited volume

volume () (m3fyr)

1955- 1960 3,168,160 530,000
1961- 1965 4,957,000 991,400
1966- 1975 8,100,000 810,000
1976-1980 8,100,000 1,620,000
1981- 1985 7, 000,000 1,400,000
1986 1989 5,289,000 1,300.000
1990 1998 5,701,000 630,000
1999 2002 1,200,000 300,000
20032004 250,000 250,000

2005 200,000 200,m0

201% 359,600 350,600

2012 160,000 160,000

lllegal logging also continues to be a problem in Vietnam, and this is not only due to to the
presence of poor villagers, corrupt local officers, illegal traders or a lack of law enforcement. It
is also beadase there is a the lack of (or uncertainty of) tenure rights given to local people
living near forests containing valuable timber, thus legally excluding them from forestenefit
including those from timber.

Wood from natural forest idarge(diameter ofimported wood is from 25 cm to 60cm) which

is usually used for making handicraft, furniture and outdoor furniture. Wood from natural
forests is the major raw materials for these products, taking a high proportion of structural
material of wood processinmdustry.Vietnam is the seconthrgest furniture exporter in Asia,

after China, mainly exporting to the US and the EU. The trade is one of the country's top five
export products in monetary value (worth $2.4 billion a yea@urrently, wood demand from
naural forests is very high, while domestic materials only meet 20% of demand, the remaining
of 80% must be imported. In 2009, Vietnam had to import 4 millioh for the wood
processing industry.

Bamboo

Bamboo is a local forest product used mainly for haafts production at village level for local
markets and for floor production at an industrial scale for export markets. According to
MARD, the harvesting of bamboo reached 55,000 trees in 2011 and 58,000 trees by 2012. The
estimated cultivation area of bdmo in Vietham is 800,000 hectares of plantations with an
average annual yield of 10 to 13 wmper hectares and 600,000 hectares of mixed forest,
comprised of up to 70% bamboo.

3humbers are slightly different than the text abovedueto the use of different sources, and there are a lot of different

numbers, in the different sources.
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Bamboo utilization is focused on three major subsectors in the south; \zlded processing

(20% for pressed flooring), bulk processing (80% homeware, chopsticks and handicrafts),
construction material (wattles) and emerging bamboo shoots sector at local level. Presently
the demand for bamboo in Vietham is larger than supply. danproduction faces land
pressure issues due to the diverse demand for other forest species and forest protection
enforcements. (SN, 2012)

2.3 Wood ProcessingSector Demands and&us
Timber and forest products have experienced rapid growth in terms ofevelwietnam the
V H F WhRsldredt contribution to the national economyand Vietnam is the fourth largest
exporter of wood products and its timber industrfCIFOR, 2012), more recent newspaper
articles indicate even the second largest after China (dmten, 2013) The General
Department of Forestry says the wood processing industry grew at an annual rate2$2%l
in the 200522010 period, and 2880% in the last three year§he main wood products include
rough products (sawn wood, plywood panel, compespanel), refined products (wooden
board, wooden beds, etc), and handicraft or artisan produttevertheless the competitive
woodchip market is competing directly with the demand for wood.

In 2011, the total volume of timber wood processing industeyves some 16 million fnof
logs,of which 7 million mwas used forchips and paper production3 million ni was usedor
the domestic market(processing facilities and furniturepd 6 million mfor export markets
(Forest trend 2013 The wood materialdor the wood processing industry tend to increase
every yeatr.

Wood from plantation forestin Vietham isis medium and small sizezhd therefore not
suitable (in general) for the furniture industry amgpically used as material for processing
paper, manwcturing artificial wood board (planks, boards chips, fiber plywood). It is estimated
that about 63% is being process® chips and the remaining 3 goes directly to the pulp
and paper sector, artificial board@mall amounts tojurniture production ad construction
(VNFOREST 2012)

The raw timber from plantations and natural forests in the country for the wood processing
industry is limited, reaching 12,3 milliom round wood/yr. Each year Vietnam has to import
about 4 millionm?® of logs to serve furiture manufacturers, accounting for approximately 70
80% of wood materials in the furniture industry (Forest trend, 2QCBFOR, 2012) Raw
materials are mainly imported from other countries such as Laos, the U.S., China, Malaysia,
Thai Land, Cambodia. Tlamount of wood materials imported into Vietnam increased from 1
million m® in 2003 to about 4 million mof logs in 20082009. The imported wood material is
mainly sawn timber which account for 55%; 15% is round wood and remaining 30% is MDF and
differenttype of plywood

$FFRUGLQJ WR 0%$5':V IRUHFDVW WKH VDZQ ZRRG GHPDQ!
Vietnam in 2020 will increase to 7 millior’ nequivalent to 15 milliom?® of round wood,and
Vietnam still has to import raw materials timber till 2020.
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FGUREG: THE SAWN WOOD DEMAND FOR FURNITURE PRODURON IN VIETNAM(SOURCEMARD)

25 -

e=@==Demand (mil.m3)

=== Domestic availability (mil.m3)
20

Import (mil.m3)
15
10
) ./I/ -
0 T T T T 1
2000 2005 2010 2015 2020 2025

The domestic wood production during 2062009 increased by only 5.9%, whereas imports
increased by 18% in the same period. Vietham Forestry Devedopi@trategy 2006 2020

aims to reduce dependence on international imported timbers (from 80% to 20%) by 2020 by
expanding the area of plantations, developing domestic forest reserves to replace imports,
certifying 30% of national production forests anévdloping and upgrading the export
processing industryGIFOR 2013)

TABLE4: FORECAST FOR/IETNAMS TIMBER DEMANBMARD,2006)

Wood timber type (1000 2003 2010 2015 2020
Domestic consumption and export timber 7,420 14,004 18,0 22,160
Large timber used for industry 4,561 8,030 10,266 11,993

Small wood used for producing particle boar

) 1,649 2,464 2,992 1,682
and woodbased paneling
Pulpwood 1,150 3,388 5,272 8,283
Pit wood 60 120 160 200

2.4 Woody biomass development plans
The forest and forestry objectives for 2020 given in the Vietham Forestry Development
Strategy to 2020 are focusing on the following:
To establish, manage, protect, develop and use 16.24 million ha of land planned for forestry
and to increase forest coverot47% by 2020. Growth in the value of forest production
(including forest product processing and environment services) is targeted at between 3.5%
and 4% per year, this goes hand in hand with a GDP from forestry growth, with a go&%f 2
of GDP.
To manag, protect, develop and sustainably use 8.4 million ha of production fofest
including 4.15 million ha of plantation forest, 3.63 million ha of natural production forest and
0.62 million ha of rehabilitating natural forest for agooestry 3 5.68 millionha of protection
forest and 2.16 million ha of special use forest.
Conduct reforestation after harvest of 0.3 million ha per year, plant 200 million scattered tree
per year. While afforesting 1.5 million ha in the period of 2@D20 and harvesting arodr20-

9
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24 million nilyear (of which 10 million fare big timber), to meet the material demands from
the forest product processing and pulp industry, and for exgdris export of forest products

is expected to reach US$7.8 billion (US$7 billion of timbeodarcts and US$0.8 billion of
NWFPs). With the current growth rate oéxport of forest product at around 20%/year

Fuetwood harvest for the rural area to amount to 226 million ni/year.However, forecasts
fuelwood demand to reach 10.24 millidonesby 2020 FAO, 2009.

Increase in income from forest environmental values through the Clean Development
Mechanism (CDM), ectourism and water resource protection will reach US$2 billion by
2020

3.ENERGY POTENTIAL ANINSAGE OF WOOD RESIDES

The woody biomassesduescan be divided groups of products, as show below:

1) Forest residues, often left in the forest as currently it is often not economically
feasible to transport them out of the forest. This includes stumps, branches, leaves and
bark.

2) Saw mill residue& 3) wood processing industrythis could include bark, woodchips,
sawdust and wood shavings and/or eslded chunks.

Besides the above more obvious residues there are also the bamboo residues produced during
processing ranging from 50% to 70% of the kdiamboo processed (SNV 2012)he waste
material from bamboo processing is used for making briquette charcoal, such as bamboo
shavings, bamboo particle, bamboo ends, and bamboo sticks in different length

The heating value of woody biomass has relatiidle variation it depend on the
composition ofthe wood. Energy content is proportional to the dryweight of wood; so higher
density woods have higher calorific valubs.general, softwoods have higher heating values
than hardwoods and branches havéiigher heating value than bark. Moisture content also
affects the potential heating value, the drier the fuel, the higher the heating \Zdunee
indicators of the compositions are given in the table below, this are just for indication

TABLES: HEATING VALUES FOR SEVERALAES ORN OODY BIOMASSRESIDUEB

(ENERGY BASICFACT SHEEB.9)

: Net Net ' Volatile Fixed

SIS heating heating AL content (%) carbon (%)
Fuel type content (%)

D) value value (ECN, 2014)

(MJ/kg) (Kcal/kg) !

Green Wood
Seasoned Wood 20% 155 3,71 -
Dry Sawdust 13% 16.2 3,87 1.29 72.93 12.78
Wood Pellets 10% 16.8 4,02 0.2 73.98 15.82
Dry Wood (Non- 0% 19.0 4,54 2.15 81.02 16.83
resinous)
Dry Wood (Resinous) 0% 22.5 5,38 -
Dry Stem wood 0% 19.1 4,57 1.7 79.8 18.5
Dry Bark 0% 19.6 4,69 6.8 59,32 13.48
Dry Branches 0% 20.1 4,80
Dry Needles 0% 20.4 4,88 15 72.4 26.1

10
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The moisture content plays a crucial role in determining the calorific value. The moisture
contert of wood is around 50 % (of total weight) when first harvested, whereasiaéd

wood contains between 12% to 20% of moisture yielding a calorific value between 14 MJ/kg
and 16 MJ/kg. The depicts the influence that wood moisture has on calorific vaiemsin

table below.

TABLEG: INFLUENCE OF WOOD MOSTURE ON CALORIFICAMLUE (ENERGYPEDIA, 2014)

Moisture content

Heat value (MJ/kg) Heat value (Kcal/kg

(%)

0 19.0 4,538
10 16.9 4,036
20 14.7 3,511
30 12.6 3,009
40 10.4 2,48
50 8.2 1,958
60 6.1 1,456

The wood residues in Vietham has slightly lower quality compared with above data, the
property of wood waste in Vietnam is provided in the table below.

TABLE7: HEAT VALUE OF DIFFERE WOODY BIOMASS MAERIAL(QUYNH, 2009

Woody biomass Moistures content Heat value

ffuels (%) - MJ/Kg Kcal/Kg

Wet-Wood 40 10.9 2,604

2  Dried wood (not in good 20 155 3,703
storage condition)

3  Dried wood 15 16.6 3,965

4  Dried up wood 0 20.0 4,778

5 Sawn dust 12-20 18.5-19.0 4,420- 4,778

Wood residues can be used as energy or input materials for other energy products type such
as wood pellet, charcoaln which, sawdust is mostly used as feedstock for pellet production
EHFDXVH RI LWV VP D Qiad\4dditdbnal phepaeessM@like/crusHiig). Meanwhile
the branches and other big wood waste collected from forest are used for charcoal
production or firewood. The bark waste is not widely used as fuel in industry because of its
low volatile content. Meoeover, bark is bulky waste that is not effective in transportation. Bark
waste normally collected by local people and used for cooking purposes.

The sources of wood residues include both forests and -famest lands. Forests include
natural forests, plaation forests, other woodlands including shrub lands. Narest lands can
includevillage woodlots and small tree farms, afpoestry systems, home gardens, crop lands,
and scattered and line trees on roads, rivers, canals and areas considered asngastela

Vietnam has enormous potential for fugbod development and scientists have estimated that
natural forests are likely to provide about 41 millitones of fuelwood/year, plantation forest
1-2 million tonedyear and scattered trees-80 million toneslyear with a total of 70 + 80
milliontonesper year (26 + 28 million TOE).

11
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3.1 Forest managememresidues and potentials
Forest residues consist of everything that is not taken from the forest when the logs are taken
out, the rate of materials taken out dhe forest depends on the diameter and quality of the
log. Of the log input, the main forms of waste are log ends and trims (7%), bark (5%), log cores
(10%), green veneer waste (12%), dry veneer waste (8%), trimmings (4%) and rejected
plywood (1%) (FAO, 990).

Recovery rates vary considerable depending on local conditions and on the type of forest it
can be anywhere between #and 60%. The ratio 50/50 is often found in the literature e.g.
for every cubic meter of log removed, a cubic meter of waste remman the forest. In case
logging is carried out for export purposes, values can go up to 2 cubic meter of residues for
every cubic meter of log extracted.

In Vietnam, most of the wood residues are left in the forest to rot, in particular in sparsely
popuated areas where demand for wood fuels is low. In some cases the residues are
converted into charcoal or the local people living nearby the forest come and collect the fuel
wood for their cooking purposes. For Vietham the assumption based oralitez h&a been
made that about0% of the materials taken from ehforest is utilized and about0% stays
behind.

Estimated amount of residues from logging is 2.2 millior$¢A009), based on a wood yield
of 40% from logging (FAO, 1997). In 2010, 4.7 milliomes of logged wood processed (0.7
tone/ m®. There is a considerable recovery of logging residtle®ugh collection or
production of wood chips forindustral use, or by collection by households fdomestic
purposes Bigger residues areonverted into ¢arcoal, which is then sold to thandustrial
sector.

It is estimatedin the same reportthat the distancesn which fuelwood transport is still
economicallyiable isaround 100 km(this is estimated at around 50km in Europ#jis implies

that fuelwood may be available in interior and mountain regions and mainly serve the needs of
local communities as residential fwebod. The difficulty in using residues from logging is that
the transportation cost is relative high compared with the selling pdgeto the fact that you

are transporting a lot of water and air instead of heating value

Based on the wood yield of 40% from logging, as the timber demand forecast givable8
(section 2.3)the volume of wood vaste drived from logging calculated in the same table
The residues from logging is mainly wet wood that applyiregheat value of wet wood of 19.
MJ/kg, wood residues from logging in the year of 203020 would generate a potential
energy source a@n table below.This is the potential before the actual conversion of the
residue into energy, for example when converting it in standard boilers anoth@0% loss of
energy value will take place, when further converted into electricity more lossesauillr. All
potentials shown in the next few paragraphs are the theoretical potentials. Also the potential is
based on the heating values wi§-50% moisture content through natural (sun) dryiagd

the density of wood applie®.7 tore/m®.

12
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TABLES: FORECASTED ENERGY PE@NTIAL GENERATED FR®OWOOD LOGGING RESIJES

Wood type 2010

Timber demand (60%) 1000nY 7,420 14,004 18,620 22,160
The logging wood waste (40% 1000 n¥ 4,947 9.336 12,413 14,78
of timber demand) 1000tones 3,463 6,535 8,689 10,341
Wet wood heat value MJ/kg 10.9

Energy potential TJ 37.743 71.234 94.714 112.720

There are no economic figures on the costs it would take to transport such forest residues
from the forest (or after chipping) to aearby village for economic or energy use. Currently
such residues, if collected, are used on household level only. All literature review available in
Vietnam indicates that it is not economically interesting to collect such residues from the
forest for energy use 2 nevertheless no financial figures have been given to support these
assumptions. It is recommended that &figld survey is executed to make clear estimations of
such costs.

One source (Yoshida, Suzuki, 2010) giving figures on the collectidoredt residues from
rubber plantations after cutting (tops or branches) in Cambodia (about 30% of the cut volume)
can be done relatively affordable, the cost price is around US78®°, including the
transportation cost to the customer. The residues this case are used as fuel for kilns at
neighboring brick factoriesAnother example from the same article but for Malaysia gives
examples of cost prices for collection between 16 and 20 &bm?®, where the selling price

is as low as 3 to 5 USDI®.

Scatered trees are the small uneconomical trees left behwith the logging residues. It is
estimated there is more than 200 million scattered trees per year in Vietham, equivalent to
100,000 hectare of plantations (VNFOREST, 2011). A fuel wood yield-@&®ibre/halyear is
expected, therefore, the fuel wood potential is about 50,0@des per year (FSIV, 2009).
Collection of these scattered trees and other forest residues can only be done based on
sustainable forest management planning (to make sureisnffimaterial stays behind, for
nutritious and biodiversity reasondn 2005, some 3.45 billion scattered trees were planted,
which is equivalent to 3.45 million ha planted at the density of 1,000 per ha. Scattered trees
produced 6.04 millionones of fuel wood in 2005. In the period 2068020, about 200 million
trees are planned to be planted every year. As a result, the amount of fuel wood to be
harvested by 2010 was expected to reach 7.79 millamres

3.2 Estimations of the available residues from thausstrial sector
The GreenGrowth Forestry Strategyf Vietnamstimulates the (1jhe use of sustainable raw
material, (2) the use of wood waste for energy production an@) the development of
sustainable productThe use of wood waste (or residues) of th@rocessing and forestry
sector could be for the products as written in Chapt2r4.

Currently in Vietnamthe industry is not using the full potential @food residues.It is
reported that 20% ofthe wood remaning (branches etc.)after harvestis collected and

“To simplify the calculation, the same heating value is used for all residues (the 40%), therefore it is slightly ovedestimat
13
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traded/usedby local peopleand/or the processors. An estimat®0% of biomass byroducts

or waste is used for energy productiomhich means that the utilization of waste materials for
energy purposess really smal{(Worner, 2012. An overview given by the same source give a
clear indication of the opportunities (@ass balance for wood processing industry

AGURE7: THE BALANCE MATERIABRND ENERGY USED IN \OD PROCESSING INDUERY IN VIETNAM
(WORNER 2012)

Drying section

100% input of sawn timber

Firewood
62%slab
30% 30%
38%
sawdust 20%reuse
50%
sale

It is given the figure that 100% of round wood will generate 45% of wood waste in sawing
section, that include about 62% of slap shapes and 38% of sawdust at high moisture content.
The 55%of sawn timber goes into drying section and ready for the processing section. The
wood waste from sawing section will be reused about 20% for particle boards, fiber board
production and others; 30% will be utilized as fuelod for drying section and theemaining

50% will be sold to the market for multise purposes (for fuel for other industries, paper
production, packing material etc.).

The energy potential from wood waste in this chapter will be calculated based on the forecasts
IRU GHPDQG RiimBdrtand @&t product that lmbeen issued by MARIR006H,
based on the emerging growth in demand for timggee also more in Chapte2.3).

Saw mills? residues and potentials

Wood sawmills play an impont intermediary role in wood processing industry that
connecting the raw material harvesting from forestry to the furniture manufacturing. In the
ongoing developments in the wood processing industry, many sawmill have appeared country
wide like for examplen Ha Tinh (300 workshops), Quang Nam (717 workshops), Quang Binh
(384 workshops), Yen Bai (230 workshops) and Phu Tho (400 workshops). In addition, many
sawmills are not registered in the official statistics of Vietham like additional ones in Quang
Binh,Kon Tum, Dak Lak, Nghe An etc. The capacity of these sawmills ranging from*300

14
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2000 nt round wood/year, provide sawn timber mainly for the domestic use (Forest trend
2011). Saw mills can either be directly connected to the processing plant, or parate
independently and feed into the processing plants.

The wood residues from sawmill include on average 12% bark, while slabs, edgings and
trimmings come up to a total 34% while sawdust is another 12% of the log input. After kiln
drying the wood, futher processing may take place resulting in another 8% waste (of log
input) in the form of sawdust and trim end (2%) and planer shavings (6%). For calculation
purposes a Yyield factor of 50% has been ustavood entering the sawmilling proce$38%

solid wood waste and 12% sawdust).In 2010, the amount of wood residues from saw milling
was esimated about 2.35 milliotonesand the price of sawdust was about 23@00 VND/kg

(Forest Trend 2013).

In large sawmills these wood residues are typically used foviging process heat for timber
drying purposes, whereas the waste from small mills is typically used locally for domestic
cookingor collected for other purposes like energy for brick or lime factories, small industrial
application and/or as a source fgparquet making (see also the chapter on pellets,
Chapted.?). Some facilities additionallytilize sawdust by mixing with binding material to
produce particleboard (Quyen, 2006)In some casesasvdust is usedofr insect repellent
making. Sawdust sometimes is briquetted and carbonised and sold as-gddghcharcoal,
which commands a higher price than normal charcoal. Considerable quantities are also used to
cover charcoal mound kilns.

The energypotential of residues from saw mills is largehe wood residuess indicated above

are woodchip (shavings), slap wood (62%) and sawdust (32%) which totally account for 45% of
input material(Figure7). Stationary mill chipperare often used tascreen and rechipsome of

the residuedo make the product more uniform in size and quality. A good quality mill chip is
considered a higlyrade product, both for combustion systems and as a feedstock for paper
mills, particle boards,der board manufacture.

The energy potential &m wood waste generated duringawing section will be calculated
based on theannualtimber demand and assuming waste generation ratios of slap wood and
sawdust and its heat value given abdA®the sawing séion is before the drying section, the
wood residues from sawmills still contain a high moisture content.

TABLE9: FORECASTED RESIDUE TENERGY POTENTIAL IISAWING SECTION

Wood type Unit 2003 2010 2015 2020
Timber demand (100%) 1000 ¥ 7,420 14,004 18,620 22,160
- 5 :

Sawing wood waste (45% of timber 1000 i 3.339 6,301 8.379 9.972
demand)
Slap wood waste(62% of sawing wood 1000 n¥ 2,070 3,907 5,195 6,183
waste) 1000tones 1,449 2,735 3,636 4,327

. 1000 nt 1,269 2,395 3,184 3,789

0 1 1 L} 1

Sawdus(32%of sawing wood waste) 7000tones 288 1676 2229 2653
Wet wood heat value MJ/kg 10.9
Wet sawdust heat value MJ/kg 10.9
Moisture content % 40-50%
Energy potential of slap wood waste TJ 15,795 29811 39,637 47,173
Energy potential of sawdu TJ 9,681 18,271 24,294 28,912
Total TJ 25,476 48,082 63,931 76,086
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The residues in the sawing section will be utilized for timber drying sectiortteerdfore 50%
will already be used within the process, the oth&0% can be sold or utilized otherwise
(current destinations for this are unknown). Sawmills in remote areas have difficwities
transporting the wood residues and are therefaifee wood residues are normallfwhen not
fully collected by local people

W ood processing industry residues ad potentials

In the wood processing sectorthe rate of wood residue depends very much dhe
processing technology, the type of input material and the type of prodinzs are made
However, due to theold fashiontechnique used inViethamit is known that only asmall
volume of wood materiais utilized as final product by theood manufactures, about 40% of
the timber (Figure7). Therefore, wood waste volume is largabout 60%of input material)
Woodchips afer wood processing is various in sizes and types. Therefore, it requires
separation for treatment and processingomething that not all factories are willing to do.
Nevertheless homogeneous waste products have higher market prices. When the woodchips
are sorted they can be used to malgarticle boards, fiber boardéVIDF) and woodwool 2 it

could also be used to fuel to processes if heat is required in the wood processing industry
itself (drying- mainly in the large industries)

The usage of the residudsom this sector are very similar to the usage of the residues from
the sawmill sector. Large amounts of residues are also sold to (nearby) households for cooking
purposes, with the rising living standard the demand reduces over the \leatsad of using
these wood chips, people use long wood pieces for burning because of its convenience in
transportation and combustignand because it requires less attention during cooking tasks
Wood chips from large scale factorieaye often being recycled and used rf@roducing
particle boards, fiber boards, oused for energy purposes fowood drying (ENERTEAM
2012).

TABLE10: RESIDUES FROMW OOD PROCESSINGIE,2011)

Sources of wood waste Wood waste useful for energy production (million
tonesin 2010)
Sawdust and shavings 1.12
Building (timber formwork and house repair: 0.80
Total 7.50

The wood residues from wood processing industry have been calculated based on the volume
of timber consumed and the ratias residues generated during processing with sawdust (10%
wood material) and woodchip (50% wood material) as totally of 60% and its heat V&iZgs
2011)

In 201Q about 16 millionm® was processed to produce 6.5 millian® of sawn wood, the
wood residues was calculated to be 8.million n?, equivalent to 6.7 milliotones (including
5.58 milliontonesof wood waste and 1.12 millictones of sawdust).
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TABLE11l: ENERGY POTENTIAL FROMWOOD WASTE IN THE WOOD PROCESSING INDUSRY

Large timber demand (100%) 1000nt 4,561 8,030 10,266 11,993
) ) i 1000 n? 2,280 4,015 5,133 5,996
Dried wood chip (50%f timber demand)
1000tones 1,596 2,810 3,593 4,196
) ) 1000 nt 456 803 1,027 1,199
Dried sawdust (10%f timber demand)
1000tones 319 565 719 839
Dried woodchip heat value MJi/kg 20.0
Dried sawdust heat value MJ/kg 18.5
Energy potential afvoodchip TJ 31,927 56,210 71,862 83,951
Energy potential of sawdust TJ 5,906 10,398 13,294 15,530
Total TJ 37,883 66,608 85,156 99,481

The residuesfrom forestry sector arehuge potential for fuelvood and energy production.
The estimation for year of 2015 sha@ahat, there will be availableapproximately9 million
tones of wood waste from forest harvesting actities and 10+ 12 million tones of wood
residues from wood processing industry, carried 244,000 TJ energyal. The production of
bio-energyin Vietnamwill become more realistic and woody biomass sources are likely to be
competitive with fossil energy power sectorin future.

4. FROM WOODY BIOMASS TO ENERY CARRIERS

In this chapterthree aspects of energy carriers will be discussed, (1) the technology on how to
make it including potential suppliers in Vietnam and the costs, (2ktlaeacteristicsof the
product and the input materials needed and (3) the current use of the product in Vietnlagn. T
focus is on woodchipellets, briquettes, and charcoal. And in a lighter form some other topics
will be discussed.

Chapter 4 and 5 are based on the overvidelow. Where the first chapter as said will focus
on energy carriers including densification technologies, and Chapter 5 will focus on the
conversion technologies available in Vietn&ngre8).
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HGURES: POTENTIAL CONVERSIONSTEPS FROM BIOMASS ENERGY(CARRIER

4.1 Woodchips

Technology, suppliers and costs

One of the main challenging characteristics of biomass is the moisture content and the size.
When transporting biomass you are alsonisporting large amounts of water and air. Another
problem is the transport of logs and/or branches from the forest to the desired location.
Through chipping transport issues can be overcome, this will not solve the moisture challenges
2 even though chipsam be additionally dried before transported. This can take place either on

a small scal€®often in the forest with portable machines as shownHigure9 (for smaller

trees and branches) or on a larger scale whet®le logs can be processed.
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HGURE9: DESIGN OF AVOOD CHIPPERFROMQINGDAO HAYLITEMACHINERYCO. LTD.CHINAS

Even though Vietnam isleading woodchip productioand exportingcountry, Vietnams still
importing the technologiemainlyfrom Taiwan and China fahe large scale production.

National manufacturers developedand produce small chipping machines.  Domestic
woodchipper capacity is observed to be from-3Btonegdh, and investment costs are between
2,500 and 3,000 USD gending on its capacityéble1?2).

TABLE12 NATIONAL WOOD CHIP TECHNOLOGY MANUFACTURRS INVIETNAM

Name of supplier Capacity Type of Remark
biomass
Vietnam Pellet Machine (VPMd. 2-27 m’/h Woodchip www.vietnampelletmill.com.vn
Van Phu Equipment Ltd - Woodchip www.thietbicongnghiepvanphu.com
Phuong Tam Group 30-35tonegh  Woodchip www.maybam.vn
Phuong Quan U& | 25tones/h Woodchip www.mayepcuivien.com
COSACO Engineering & Machinery 10-30 m*h Woodchip Www.cosacovietnam.com

5Design just used forin  formation purposes, it is not a local design nor used in Vietnam yet.
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Woodchip export from Vietnam has been mainly to China, Japan and Korea, with price ranges
between 85USD and 138USD/ton. According to Vietnam Custor@sn( Duong 2013)
Vietham has exported 1.6milliotones of woodchip in the first quarterof 2013. This high
demand and better prices from abroad has created a situation where the domestic pulp and
paper producers face difficulties in sourcing their materials. The Vietnam-pppkr
association has proposed to increase export tariff to 5% rdeo to limit the exploitation of

the young forest for woodchip production for export and for keeping the woodchip sources
for domestic paper production (see also chap@r

Wood chipsproperties

Woodchips area mediumsized solid material made by cutting, or chipping, larger pieces of
wood. Woodchips may be used as a biomass solid fuel and are raw material for producing
wood pulp.

Moisture contents can differ a lot depending on the freshness of the wood angrtitessing

steps taken. Moisture contents can be from 10 to 50% (ECN, 2014). All other characteristics
are equal to that provided in Chapter 3, as it is a forest prod¥¢bod chips may have a bulk
energy density of about 50%. Wood chips for energy appbins should meet an appropriate
quality standard if they are to be used reliably in combustion equipment, especially small scale
and domestic equipmene they should be homogeneous of size, especially when fed into
furnaces for energy generation (for tyqmal combustion) Physical parameters, such as
maximum size and absence of slivers or fines (sawdust), and maximum moisture content are
important to allow reliable operation and prevent feed blockages.

Woodchip productionand use in Viethnam

Woodchip production industry has grown explosively in the recent years. In 2009¢ were
47 plantsin Viethamwith woodchipsexport figures around 2.3 milliontones By 2012 this
increased tol12 plants with a total design capacity of approximately 8 mitboedyear, and
with woodchip export figures that increased to 6.2 millimnes (Table14) (equivalento 12.4
million n? of round woof from plantation forest)20% of global trading amour@urrently,
Vietnamese woodup are mainly exported to China, Japan, Korea and Taiwanhi®pulp
paper production industry.

Most plants are under operation located in North Central and coastal provinces. The
explosion of woodchip industry could be explained by quick profits derivech woodchip
export; low investment cost, and especially in thereasedavailable input material from
plantation foresfThe wood chips in Vietnam is mainly from Acacia and Eucalyptus with small
amount of Cu mainly plated in the South.

TABLE13: THE STRUCTURE OF INPUMATERIAL FORVOOD CHIP PRODUCTIONINDUSTRY IN2011(FOREST

TREND, 2013)
Tree Volume () Percentage (%) |
Acacia 7,684,600 70
Eucalyptus 2,964,060 27
Cajuput 329,340 3
Total (n7) 10,978,000

Another 18 woodchip plats with a capacity of approximately 0.8 million dopedyear were
expected to be put into operation in 2013. The woodchip plants normally operating with
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approximately 6670% of design capacity. Once\fuh operations, the woodchip industry will
require about 18 millionm® of round wood as input material from the plantation forest of
eucalyptus and acacia. Given the current status of plantation forest, Vietnam will not have
enough inputs to provide those woodchip plants in the futuhe.2012 he materal was
provided by individual households (50%), statened enterprises and cooperatives (15%) and
private enterprises (35%).

TABLE14: THE DISTRIBUTION OF VDODCHIP PRODUCTION N VIETNAM

(FORESTTREND, 2013)
Location Plant Desig Capacity Export output
(maxtonesyr) (Tonesyr)

1 Red River Delta 3 270.000 226.000
2 North East - - -
3 North West 16 1.048.000 900.000
4 North Central 21 1.750.000 1.500.000
5 South Central 55 4.011.000 3.000.000
6 Highlands - - -
7 Southeast 6 590.000 400.000
8 Mekong River Delta 7 400.000 200.000

Total 112 8.069.000 6.226.000

TABLE15: WOODCHIP SUPPLIERS ANTSCAPACITYPERORGANISATION TYPEFORESTTRENDS 2013}

Form of business Quantity Installed capatyi (fones dry mass/year)
Limited companies 60 4.536.000

Joint stock companies 20 1.338.000

Private companies 12 385.000

Joint venture companies 18 1.650.000

Foreign companies 2 160.000

TOTAL 112 8.069.000

4.2 Wood Pellets

Technology, suppliers and dss

The pelletizing of biomass such sswvdust, shavings from wood processing industry or from
forest residueshelps solving the relatil@v -density problem of wood wastes. Wood pelletis

a type of biofuel made by compressing woody sawdtrsim saw mills/ wood processing
factorieg as small pellets with diameter of about 4mm and moisture of lower 10%, which
makes it a very efficieribr combustion.

Vietham has limited experienced with pelletizing technology and imports wood pelleting
technology (i.e fromJapan, German or Taiwan). Some domestic companies and research
centres have started studying and developing woody pelleting machines to &olopt

8 This survey is missing data from the Northwest and the Highlands
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Vietnanese condition such as Vietnam Institute of Agriculture Engineering and Postharvest
Technology (VIAEPd Vietnam Energy of Institute. An overview is givefablel16 on local
technologies available. most cases the raw materials are collected from surrounding
households, sawmills and processers as input magdoakthe production processes.

TABLE16: SMALLSCALEW OODY RESIDUEFPELLETMACHINE SUPPLIERS INIETNAM

Vietnam Research Institute 1-3 tonegh Biomass residues (rice  www.riam.com.vn
Agriculture Machinery (RIAM husk, coffee shell,

FRUQFRE VDZ
Vietnam Institute of Agriculture - Biomass residues (rice  www.viaep.org.vn
Engineering and Pekarvest husk, coffee shell
Technology (VIAEP) FRUQFRE VDZ
Vietham Pellet Machine (VPN 0.54tonegh Woody wastes www.vietnampelletmill.com.\
Limited n
Hatech Energy Corp 1,000tonesh Woody wastes www.escohatech.com
Phuong Quan U&I Ltd 500-800kg/h  Woody wastes WwWw.mayepcuivien.com
Hoang Phi Limited 250-500kg/h  Rice husk WWW.mayepcuitrau.com
Phuong Tam Group 500kg/h Woody wastes WWW.mayepcui.net
VPM Equipment & Technology 0.81.2tonegh  Woody wastes www.thietbivpom.com
Thanh Danh D.N Ltd 350kg/h Woody wastes www.thanhdanhdn.com
Nhat Phu Thai Ltd 1-1.8tonegh Woody wastes www.nhatphuthai.vn
Che Tao Viet JSC - Woody wastes www.chetaoviet.vn
Van Phu Equipment Ltd - Woody wastes www.thietbicongnghiepvanpl

u.com

The Institute of EnergyCuong, 2013has estimated productioncosts of pelletizing iletilam as the
table below.

TABLEL17: PRODUCTION COST OF BOMASS PELLEICUONG, 2013)

Type of applied technology Type of biomass Production cost (VND/kg)
Rice husk 1968
Pelleting Bagasse 1467
Mixed bagasse and rice hut 1532

Wood pelletproperties

The feedstock necessary to make thismass fuehas anptimal moisture content of less than

10% (a drying step is a standard stage of the pellet making pro@éssil pellet production

has rapidly developed in Vietham recentbllowing the ongoing trend of é&hewableEnergyin

general Pellets are easier to store andan be handlel automatically Rellet production
systems are usually simpler and less expensive to install. The application of fuel pellets are
quite diverse, inclding: livestock, industry, in power, in domestic as for cookBgmne specific
specifications of wood pellets in Vietnam are givermable 18. Official reporting by IE has
indicated nevertheless that the averageatingvalueopellets from Vietnam is betweei4.5

and 15GJ/tore (Tablel19, comparedio For example 16 9GJlone for Canadiarwood pellets.
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TABLE18: THE TECHNICAL SPECIEATION OF A WOOD PELLET PRODUCER MIETNAM

Technical specification  Pellet from sawdust* ~ Wood pelletfrom ~ Wool pellet from rubber
woodchip*

Diameter 8 mm x 10- 15 mm 6 28mm x 10250 mm 6mm

Density - 650 2700 kg/m -

Heat value 4600 Kcal/kg > 4500 Kcall/kg 17.84 Mikg / 4260 kcal/kg

Moisture content 6-8% < 6% 8.08%

Ash content 1,5-2% <1.2% 1.17%

Sulfate content <0,03% 0.023% -

Carbon content <15% - -

TABLE19: LOW HEAT VALUE(LHV) OF BIOMASS PELLE{SUONG, 2013)

Type of pelletied biomass Low heat valud.HV (MJ/kg) Low heat valud.HV Kcalkg)

Woody residues 14.515 3,463 23,582
Bagasse 7.88 1,86221,910
Rice husk 12.513 2,98523,104
Rice straw 11.512 2,746 22,866
* examples froml TK Wood Pellets Compan)

The European market has quite strict norms for the production of pellets, the most commonly
used norms are th®IN 51731 or O-Norm M-7135 with less than 10% water conteaind a
uniform densitylevel (higher than 1 toe per cubic metef). When produced by hammer mills
there is almost no difference in finished product even if different wood types are &fa@d is
heavily dependent though on the equipment used for production. The European market also
has a special sustainakilabel for wood pellets called the "Eplus” label. This makes that no
pellets are currently transported to Europe. Nevertheless the Korean market is desperately
looking to import pellets from the Asia region their domestic supply is only 30% or less tha
their demand The Korean market has no strict rules or standards on quality of the pellets,
even though prices for higher qualities are slightly higher.

BoX 2: POTENTIAL BUSINESEASE FORPELLETS MANH THONG J.S.C(SNV,2012)

Manh Thong J.S.C. is a wood processing company; with 2500 Ha own concessionaries, making products f
Hybrid Acacia tree, one of the most common trees in Vietnam.

During this process large amounts of residues are produced, as-stae bark, sawdusfestimated in 10%
humidity, around 125MT / working day). They are planning on constructing three Completed Wood Pellet F
with 2 - 4 MT/Hr each plant on their plantation in Daknong Province and their Sawmill in Binh Duong Provir
After obtaining qutations, and visiting providers, in several countries among them, US, Italia, Germany anc
Manh Thong is still looking for support in technology and financing, even though they are ready to invest
themselves. Feasibility studies show acceptable plyimaes as potential prices are below the current market
value of wood pellets. Furthermore the (co)ownership of Manh Thong of the concessionaries, wood proces

” The rubber wood pellet qualify test control sample, product of Tan Phat company , certified by SGC
8 This meansitsin ks in water. Bulk density about 0.6 -0.7 ton per cubic meter.
9 Interview with VinaWoodPellets
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and pellet production plant will give multiple benefits, secured feedstock supply is gigmportant one.

Wood pellet production and use in Vietham

Vietnam could potentially become an important wood pellet producer with a large and rapidly
expanding timber industry; the total technical potential of sawdust was estimated to be 5.8
million tones but other small wood residues are also milled to sawdust for pellet production
In 2010, Vietnam exported to Korea and Japan 4399 and 1&i&swood pellet respectively

at the price of 91 EUR/tam (IEA BioEnergy , 2011Yotal production capacity ofhe large
wood pellet plants in Vietham was reported to be between 12@10 Kiones

Beside the companiebelow, there are some notifications of wood fed pellet plants in
Vietnam, mainly small scale supplying pellets for local derhaaghublic informatia on this is
available

TABLE20: SEVERAL LARGE WOODYHR LET PRODUCERS IMETNAM

Name of producer Type of pellet Capacity Location Remark

Vinaconex Wood pellet 49,000 Yen Bai province Under construction
tonedyear

Ha Thanh Group Wood pellet 50,000 Phu Tho province Equipment imported
tonegdyear from German
24,000

Duy Dai Cooperation ~ Wood pellet 36,000 Da Nang province
tonedyear
60,000 Tan Thanh district, Ba Ria Vun(¢ Under construction

Silocorp Wood pellet 80,000 Tau province and Ngtson (to be putin
tonedyear Thanh Hoa province operation in 2014)

S 54,000 . . . .

Phu Tai Bioenergy Wood pellet tonesiyear Quy Nhon-Binh Dinh province  Operating

Thao Nguyen Xanh 3,000 - . . .

company Wood pellet tonesmonth Nghi LoeéNghe An province Looking forcapital
120,000 . . . . .

Trasesco company Wood pellet tonesiyear Vinh CuuDong Nai province Looking for capital

Thanh Thanh Khang 5,000 . . .

company Wood pellet tonesmonth Binh Duong province Operating

Seon Environment

Technology (Korea) & Wood pellet 2,000 Van CankBinh Dinh province  Under construction

DHT company tonegmonth

(Vietnam)

MEGA CAPITAL Wood pellet 1,000 Thar)g BinfQuang Nam Under construction
tonegdyear province

Hoa Thien Wood pellet 3,000 . . . .

company tonegmonth Thai Nguyen province Operating since011

Sources: (IEA BioEnergy , 201hjtp:/silopcorp.vn/ http://woodpellet.com.vi/Can Tho stnews Quang Nam Province

Vinawoodpellets

There is also adomestic market under development, for example for the use of pellets in
gasification stovebke Minh QuangGroup and their Bioo-Cooker and GreenConmwith their
Trexanh stoveDemands for this local use is still small though.
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Box 3: PELLET PRODUCTION ATHOA THIEN FACTORY IN THAI N GUYEN (HTTR/AMINAWOODPELLETWORDPRESSOM/)

Hoa Thienis apellet productioncompanywith installed capacity of 2,0003,000tonegmonth, usingChinese
Technology. The factory stated operating since 2®dith 10 pellet production lines. The investment ca
was around? million US$party financed with commercial bank loans.

The sawdust is the main input material for pellet production that collected from sawmills and \
manufactures around, the sawdugput with the moisture content of 402 50% buy at the price 15 60
US$/tore depend very much on the season. To ensure the sufficient input sawdust material for prodt
Hoa Thien has sent the crushing machines to lieal wood processing factorieto crush the larger wood
material in to smallepowder to use for thewood pelletproduction The moist sawdust need to be dried L
to 8 - 10% and then pelletized. The dryer system utilizes 100% the firewood as material that purchasec
from processindactories or collecting from forest to produce steam for input material drying.

Hoa Thien exports their pellet product mostly to Korea market at the FOB priceupfto 125 $/ton. The
payback period isxpectedto be 3- 5 years.

4.3 Wood briquettes

Technolayy, suppliers and costs

Wood briquettes are made from wood chips, shavings or dust and are pressed together under
high pressure (no binder necessary), this has multiple advantages as already mentioned in the
above chapter on pellets, this is especiallated to the transportation of biomass (higher
density, higher caloric value, less moisture).

The wood briquetting machine making is even less develdped the pellet sector in
Vietnam In of 2011, the Vietnam Energy of Institute (GiZ, 2011) has impditea Thailand

a fuel briquetter to try on the domestic feedstock of woody sawdust, rice husk, coffee shell
and bagasse. Based on the experiment results, IE has identified the need to improve this screw
model briquetter and offered some improvements forgtequipment. Research also went into
lengthen the longevity of the screw. The improved version was then substantiated at different
places nationwide for widespread promotion to people and training was provided to the
business and technicians.

The Institue of Energy has estimated productioncosts briquetting in Vietnam.

TABLE21: PRODUCTION COST OF BOMASS PELLEBRIQUETTECUONG, 2012)

Production cost

Type of applied technology Type of biomass

(VND/kQg)
Rice husk 761
Coffee husk 797
Briquetting Sawdust 820
Bagasse 1.093

Wood briquettesproperties

Wood Sawdust can be directly used for briquetting. Sawdust briquettes is produced with two
distinct types: briquette with holes through the centre, and solid briquetfesolid lriquette

is manufactured using a piston press and ones with a hole are produced using a screlv press.
is a very similar process to forming a wood pellet but on a larger scale. Under heating at high
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temperature, the natural lignin in the wood binds the fgges of wood together to form a
solid. Burning a wood briquette is far more efficient than burning firewood. Sawdust briquettes
is used as fuel for boiler, replacifay other type of fuel as coal.

TABLE22 THE TECHNICAL SPECIEATION OF A WOOD BRIQUETTE INVIETNAM

Technical specification Wood briquette from sawdust*

Diameter 70 mm, 80mm, 90mm
Density 1.2 21.4 kg/dm3
Heat value 4,400 24,600 Kcal/kg
Moisture content 5.8%

Ash content 1.2%

According to testing results donby SGS Certification Company for the woody briquettes
produced Viet Phat Bio Corp key properties of woody briquettes are as flows

TABLE23: KEY PROPERTIES OF WA@Y BRIQUETTE$VIETBIOENERGYWEBSIT}

Key properties Briquette size Briquette size

(Lt*W*H=150*60* (L* W * H =185 * 75 * 115
92 mm) (11111)]

Total moisture %, wet basic 7.5

Volatile mater %, dry basic 83.55 81.80
Ash content %, dry basic 0.83% 1.45
Fixed carbon %, dry basic 15.62 16.75
Gross calorific value Kcal/kg, dry basic 4,683 4,625
Sulfur %, dry basic 0.0176 0.0257
Bulk density Kg/m’ 978.2 944.6

Wood briquettes production and use in Vietham

In Vietnam, woody briquettes are mainly produced by using sawdust, pine wood, rubber wood
and acacia or a mixture of these. It has a wide range of application and can be used for all kilns,
furnaces, stoves and especiaily industrial boiler systems. Currently, there are many
companies producing woody briquettes such as Viet Phat Bio Cooperation, Gia Gia Nguyen
Ltd, Nhat Hanh Ltd, Cuu Long Company and Wood Pellets Vietnam. Most these companies
are based in the South of ffrem. The producers of the wood briquette making machines are
the same as the companies that make Wmod pelletmachines (as it is very similatsee also
Tablel6.

FAGURELQ: A SAWDUSTBRIQUETTE PRODUCINGINE INVIETPHAT BIO CORP

26


http://www.vietbioenergy.com/index.php?option=com_content&view=article&id=80:pellentesque-hendre&catid=40:tin-tuc&Itemid=110

Woody Biomass for Energy Generation in Vietnafinal Report

As observed the briquette supply capacity of domestic companies can be up to 7,000
tongmonth and the freeon-board (FOB) price being traded on theamket is around 100
140USD/ton

4.4 Charcoal

Technology, sup@rs and costs

In Vietnam,charcoal is producednainly from wood, coconutshells andamboo residues.
Charcoal is produced througa carbonizatiomprocess Types of charcoal kilngsedin Vietnam
are simple (inefficient) earth mound kilnthat are pollutingthe environment due to heavy
smoke development The conversion efficiency of this type of kiln is typically aboufl3%
(BTG, 2013).Recently, some domestic companies such as Biffa have adopted charcoal
production technology from Japasimilar to brick kin, often with higher efficiencies up to
30%)to make charcoaproduction more clean they are usindpranches and top of acaciand
the production is aimed aexport to Japan at .4 USD/kg(DoST Binh Dinh, 2013)it is
reported that there are about 10Mf these new kilns built in Binh Dinh province to provide
about 300tonescharcoal per year.

Bamboo residues cause environmental problems due to dungmdglue to unsustainable use
(SNV, 2012) this can be prevented by using this for charowting as eil. This is getting
more attention by scientists in Vietham recentlp. Thanh Hoa provincewhere there are
about 49 bamboo processing workshotet annually generate about 76,0@ihs of bamboo
wastes a pilot project which utilises bamboo residues fdrarcoal making was implemented
and the results showed that 1kg bamboo residue can be converted into 76gram charcoal
(MONRE, 2008) Besides, charcoal sourced from coconut shell is popular in Southeast of
Vietnam. It is made by using closed brick kilnsctrbonise coconut shell in anaerobic
condition. However, these kilngre not equipped with heat recovery system for utilization and
smoke is being emitted into the atmosphere which makesvironmenally polluting

AGUREL1L CHARCOAL MAKING KILN ROM COCONUT SHELL

The highest and most consistent carbonisation efficiencies can be achieved usiny (semi
industrial retorts not yet available in Vietham, and also have a higher investment costs (BTG,
2013). Also to achieve higher ceersion efficiencies and improved environmental
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performance the implementation of chimneys and of tar and methane recovery facilities is
worth investigating.

The market price of charcoal is changing time to time and depending on the nature and quality
of charcoal and is normally ranged from 5800 USD{one. To evaporate one kilogram of
water takes about 2.5 MJ. In the case of charcoal, the calorific value is around 30 MJ/Kg. In its
statistics, the FAO uses a conversion factor of 165 kg of produced chlaficoa one cubic

meter of fuelwood(see more in 4.4.2)

Charcoalproperties
There are many type of charcoal that made from different input material. Charcoal could be

made from wood collected from forest such as the whole tree wood or branches. Charcoal
alko can be made from peanut shell, coconut shell or rice husk/sawdust briquette. The current
status information of charcoal production in Vietnam is only limited available, however, it is
reported that charcoal is mainly produced at households scale. Téafgmtion of a charcoals
producer in Viethnam has been givenTliable24 andTable25.

TABLE24; AN EXAMPLE OF TECHNIEL SPECIFICATION OEHARCOAL IN VIETNAM FROMARTEX
THANGLONG JSC

Specification Wood charcoal Mangrove charcoal Coconut sheel
Moisture content 1.75% 2.39% 3.57%
Ash content 2.72% 2.04% 2.67%
Volatile matter content 28.17% 21.95% 15.02%
Fixed carbon content 69.11% 76.01% 82.31%
Calorific value 7216 Kcallkg 7905 Kcallkg 7930 Kcallkg

TABLE25: KEY PARAMETERS OF CREOALS

Parameter Coconut shell based charcoal Acacia based Charcoal sourced from
(http://www.vietcocmut.com.vn/) charcoal bambodwww.gret.vn.com

Ash content 5-15% 3.5% < 6%

Volatile content 25% - -

Calorific value 5,00G37,000kcal/kg 7,000kcal/kg 7,500kcal/kg

Moisture content 5-7% 9% -

Charcoal production and use Vietnam

The charcoal production and utilization are concentrated in NeBastSouth zone, Mekong
River Delta and several provinces of So@hntral Coast zone. However, charcoal making is
still executed in traditional ways with extreme low efficiencieausing many environmental
and social impacts. The capacity of kilns is abotB@tmnesof charcoal with an average wood
conversion efficiency of 225% and fuel end use efficiency about44S6. In more efficient
systems this could be as high4®6 (BTG, 2013)The yields are dependent on many variables,
such as geographic location, moisture content of wood input; size of material and the
experience of the operators. The charcoal is mostly used for domestic cooking, food vending,
tea drying, or can besed for norenergy purposes such as water purification, for soil texture
improvement, and in chemical and steel industries.

Charcoal in Vietham comes mainly especially from Mangrove wood. Wood material is
collected from forest with an optimal diameterf above 15cm and below 30cm, since this size
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will produce less ash during incineration, (the wood with size more than 30cm is too heavy for
cutting and transportation). Charcoal is also produced from coconut shell; sawdust briquette
or bamboo residues thahe input materials are more available.

4.5 Other uses of woody biomass in Vietnam

Plywood production

Like the totalwood processing industrythe sector for Mediurrdensity fiboreboardMDF)has
also grown rapidlyecently. The wood products madeom artificial board has play important
role in the market. In 2010, the artificial board processing industry produced 650,808 m
finished products, equivalent to about 1.3 millio of wood raw material, mainly from
plantation forest, in 2012, thplywood production capacity increased to reach about 2 million
m®yr, a significant growth of the secto6tatistical Table 10 factories producing artificial board
the current operating in Vietham and the current raw material demand for these plants.

TABLE26: MDFPRODUCTIONIN VIETNAM2012

Factories Design capacity (m3) ‘
Fiber MDF10 companies) 1,318000
Particle board (okalf6 companies) 716500
Total 2,034500

When dl MFD factories operate atheir full capacities they Wirequire about 4 million
m°round timberyr. The input material are mobilized mostly from plantation forednh case
they will run at full capacity this will put more pressure on the sector.

Firewood

$FFRUGLQJ WR 9LHWQDP -V )R U KH2009,Wemahy terQuRigoBdv@iWses W U D W
from 25 million m® per year in 2002005 to a level off at 26 millionm® to 2020 (FAO
2009).Firewood is usedo fuel brick and ceramic kilns, noodle, cake and tofu manufacture,
sweet processing andomesticcooking. Ainually, about 24.5 milliotones of firewood are
consumed (equivalent to 805 million TOE (FAO 2009) DQG DERXW Rl 9LHYV
population lives in rural areas and is reliant on traditional fuels including wood and other
biomasqSNV, 2011)

Firewood B only sustainable when it comes from forests that are managed in a sustainable
way, firewood is both collected manually (and potentially illegally) by households in Vietnam as
well as collected in an official way and sold to (domestic) users. Curreh#yfjrewood is sold

in the market at the price of 200,008500,000 VND/m depend on the quality.

The proportion of biomass used in total national energy consumption fell from 73% in 1990 to
50% in 2002; however, the quantity of biomass used has incrdem®d12.39 million TOE
(1990) to 14 million TOE (2002)

In the recent development in Vietham, more modern energy sources are used; firevgood
being replaced by other energy sources such as electricity and gas. By 2020, total firewood
consumptionis expeced to fall and more efficient modes of firewood utilization will become
widespread; however, firewood will still be an important energy source in rural and
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mountainous areagas indicated above) rurglopulation will still rely on biomass for cooking
needs andasan important energy source for local industries.

The LEAP (Longerm Energy Alternative Planning) 2002 had developed a number of scenarios
based on economic development forecast and found that the timb@msumption for
commercial energy demandillvbe decrease in the economic development. The timber
consumption as fuekood for different levels use of household, industries, agriculture and
service habeen forecasted as table below.

TABLE27: FUEI-WOOD DEMAND, UNDER DIFFERNT SCENARIO$MILLION TONE9 (FAO 2009)

Scenario 1995 2000 2010 2020 ‘

Baseline Scenario: Sectors using wood energy included in fi 23.77 24.50 25.28 23.93
calculations are households, industry, agriculture and services

Scenario 1: Baseline + replagifuelwood with other alternative 23.77 22.87 19.19 12.83
fuel at different levels of households, industry, agriculture
services

Scenario 2: Scenario 1 + 5% of urban households, 15% of 23.77 22.79 18.10 10.76
households are using advanced kitchens for cooking, b§ 202

Scenario 3: Scenario 2 + industrial tree planting and a scatt 23.77 22.79 17.82 10.24
tree planting program

Papetr/ Pulpproductionand needs

In 2011, the pulp and paper industry in Vietnam has reache¢b@83ones of final product, this is
equivalent to 1.76 milliorm3 of input timber consuming. The actual demand for pulp and paper
products is greater than domestic production, therefore Vietnam impaittout 30% of the totainput
pulp material forthe paper industry. Theable below shows actual production and consumption of pulp
paper in Vietham.

TABLE28: PULP CONSUMPTIONPRODUCTION AND IMPOR OF VIETNAM DURING20072011

Pulp paper 2007 2008 2009 2010 2011
Domestic 353.698 316.9.4 311.246 345.875 353.500
production

Import 131.590 134.454 99.800 106.477 132.000
Actual 485.288 451.368 411.046 452.352 485.500
ConSUmptlon

The shortagescaused by the explosive development of woodchip induagrylescribed above.
The pulp seatr cannot compete with woodchip industry on the input matenehich haded

to import pulp and paper material from abroad, causing high production toist.interesting

to observe that large amounts of woodchips are now exported, while input mateoaléhé
pulp industry are imported. As local producers identified this, and would like to reduee
production cost, thepulp and papesector has requested the Government iatroduce an
export tax for woodchip export (Forest trend 2013)fo avoid exploithg young timber and
reserve wood material for domestic productiothis request has been officially be hand in by
MOIT to the Ministry of Financeequesting awoodchip export taxof 5%. This tentative
scheme is now under negotiation procg88etnamNews. 2013).
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5. UTILIZATION OF WOODY BIOMASS

Energy is one of the main applications of woody biomass and forest resitfids. there are

figures on the domestic demand for fuel wood (as indicated abtheamount of fuelvood

used for energy production has not &e assessed by any stunlyresearch when studying the
individual technologies and opportunities it can nevertheless be assumed that the usages for
energy purposes®esides domestic cookings limited According to Cuong(2012, the
potential of wood enegy is about 43millioriones mostly waste fronthe forest (53%). The

wood energy potential has been indicated as table below.

TABLE29: THEW OOD ENERGY AND WOOD WASTE AVAILABLE INVIETNAM (CUONG, 2012)

Woody biomass resource Amount for energy usage (millictones)
Natural forest 14.07
Plantation forest 9.07
Bare land 2.47
Industrial perennial 2.0
Fruit tree 0,41
Scattered tree 7,79
Woodchip 5.58
Sawdust and shaving 1,12
Reused from construction 0,8
Total 43.31

The Govermment has implemented programs to plant forest not only for industries and
environmental purposes but also to meet the huge demand forviweld. Besides formal
programs, there are about 200 million scattered trees planted in the country each year. These
trees could provide about 5 million *nof small wood and fuekood and 15 million rhof
firewood for construction and energy needs in rural areas and reduce pressure on natural
forest (MARD, 200). More on the use of woody biomass for energy purposes cafobead in

the Chapters 4.4 to 4.6.

5.1 Heat generatiorthrough combustion
Vietnam has a large scale demand of heat for drying purposes, this can be in the wood
processing industry but also in many other sectors like the agricultural sector, brick making,
cementindustry, beer breweries, pottery etc. Traditionally often inefficiamnacesare being
used, resulting in steam and/or hot air used to dry the agricultural or other prodsoth as
firewood fired furnaces or cdiring coal and firewood are used to prae the hot air for
drying green tealn new installations constructed over the last 5 yearss bbserved that the
popular boiler technology applied for steam generation using biomass wastes are Fluidized Bed
Combustion (FBC) and produced locally betiamese mechanical companies.

Since 2009 an increasing number of Vietnamese industreeswitching to renewable energy

for the generation of their process heat. Those companies have traditionally generated heat
using boilers fired with diesel, natuigas or fuel oil but now switch to biomass through energy
service providers. The energy service providers are specialized companies that finance, build,
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own and operate the biomass boiler plant and sell the energy to the adjacent manufacturing
facilities. he energy is typically sold at a discount of 20% or more compared to energy
generated using fossil fuels. The biomass fuel is normally wood residues, such as sawdust,
wood shavings and other waste from wood processing enterprises.

In Vietham there are alut 5 enterprises that act as energy service providers. Tin Thanh
Industrial Steam and Electricity Company and Green En#vimy Stock Compangboth based

in Ho Chi Minh City) are market leaders in this field. Both companies have more than 20
biomass bodrs operating. All projects involve biomass boilers (chain grate and circulating
fluidized bed) that generate steam. No electricity is (co)generated. Their projects are located
adjacent to food and beverage, rubber and paper mills. The investment cobbug &.5
million USD per project, or 100,000 USD per MWth. Both companies develop between 5 and
10 new biomass boiler projects per year.

HGUREL2 ILLUSTRATION OF A BIMASS BASED STEAM GERATION SYSTETIN THANH, 2010]

Each bmass boiler project requires between 1,000 and 5,000 m2 of land. Therefore, most
biomass boiler projects supply energy to plants that are located in industrial zones. However,
Tin Thanh Industrial Steam and Electricity Company is now also piloting tecje® that
require less space, includiggsifiesand boilers equipped with biomass burners.

It has recently signed a contract to supply steam to Southeast Asia Breweries in the center of
Hanoi. The contract involves the installation of a boiler with dast burner. The entire facility
occupies approximately 100 m2 and will be integrated into the existing brewery. The
investment cost of this plant is approximate 80,000 USD per MWth.
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TABLE30: SEVERAL EXAMPLES OFHICAL WOODY BIOMASS BASED HEAT GEERATION PROJECTS IMIETNAM

Name of
project

Type of

biomass

Boiler
capacity

Applied boiler

technology

Location

Energy customer

Developer

. Fluidized Bed Di An-Binh . .
Masan Biomass Sawdust uidiz ! I Masan Industrial Tin Thanh
. . 20 TPH Combustor Duong i
Boiler Project  wastes . Corp Industrial Ltd
(FBC) province
Tin Thanh Fluidized Bed .

I. . Sawdust uidiz . Hue Brewery Tin Thanh
Biomass Boiler briquette 25TPH  Combustor Hue city Company Limited  Industrial Ltd
Project No. 1 g (FBC) pany
Tin Thanh Wood Fluidized Bed Da Nang Rubber Tin Thanh
Biomass Boiler waste 30TPH Combustor Da Nang city  Joint Stock Industrial Ltd
Project No. 2 residues (FBC) Company

. Sai Gon Mien Trung

. - Binh Duong . b
Tin Thanh 10TPH Fluidized Bed . Beer Joint Stock .

. . Sawdust province & . Tin Thanh
Biomass Boiler wastes & 15 Combustor Binh Dhh Company&Sai Gon Industrial Ltd
Project No. 3 TPH (FBC) . Binh Tay Beer Joint

province
Stock Company
T|.n Thanh . Woody Fluidized Bed Dong Nai & V|r.1acée Bien Hoa Tin Thanh
Biomass Boiler | . 30TPH Combustor Ba Riavung Joint Stock .
. biomass ) Industrial Ltd
Project No. 4 (FBC) Tau provinces Company
Biomass based Biomass - Adopted from Da Nang Vinamilk group Green Energy
steam supply Japanese JSQpart of
projects for technologies SSG Group

Vinamilk

TABLE31: WOOD WA STE BASED BOILER SRIFERS INVIETNAM

Name of manufacturer
Nhiet Nang Joint Stock Company

Type of boiler technology

Fluidized Bed Combustion (FBC)

Type of fuels
Biomass wastes

Vietnam Boiler JSC

Dump-grate or fixed grate

Bagasse

Truong Quang Il CompanLimited

Fluidized Bed Combustion (FBC)

Biomass wastes

Mien Trung Energy andBoiler

StockCompany

Joi Fluidized Bed Combustion (FBC)

Biomass briquette

Hoa Phu

Refrigeration

Electrici Fluidized Bed Combustion (FBC)

Engineering Joint Stock Company

Biomas briquette

Dong Anh Boiler JSC

Fluidized Bed Combustion (FBC)

husk

Biomass briquettes & ric

Dai

Phat Mechanical

Energy Company Limited

Engineering ¢ Fluidized Bed Combustion (FBC)

Biomass briquettes

Vietnam

(VIAEP)

Institute  of
Engineering an®ostharvest Technology

Agriculture Fluidized Bed Combustion (FBC)

coffee husk,

FDVVDYD WUDVK

Biomass wastes (rice hus

corncob!
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5.2Power generatiomand/or cagenerationthrough combustion
Generating electricity based on woody biomass sources is not comimdfietnam and does
not draw attentionfrom investors in this regard due to a lack of femdtariff mechanism. In
fact, the woodprocessingrnidustry has demand of both hefarr drying wood and electricity for
its process Operating aco-generation plants more economic tharsole electricity generation
due to higher overall efficiency of wp 90%(Educogen, 2001)

Moreover, Vietham has nicentive policies for utilization for energy generation to attract
potential investors. Currently, a draft version &éedin-tariff incentives for biomass based
power generation projects have been under development and discussion, but has not been
concluded yet. However, the proposed tariff of 5.6$cent/kWh is quite low gudential
project developers indicate that isiunattractive to develop woody biomass fired power
plants.

Sumitomo Forestry Ltdfunded by the Japanese Governmentera REDD plus program) has
just completed two feasibility studiesn utilization of wood wastes for power generation in
Vietnam.It studied aSMW power generation plant in Son La province and another one with
forecasted capacity of 4AMW in Dien Bien province. Both will utilise wood wastes and logging
residues generated during timber processing to provide the electricity for timber [ming

mills and neighbouring houses and facilities, instead of connecting to th€Sgingitomo
Forestry, 201} This study also indicates that there are no activities on larger scale woody
biomass electricity generation in Vietnam.

Below an overview of aumber ofwoody biomass based power plants is given for Vietnam.
The status is continuously changing, and over the last few years the construction of many
plants was announced without any real construction following.

TABLE32 WOODY BIOMASS BASED POWERANTS INVIETNAM

Capacity Employed Project

Project status

Project title Location

technology owner

Technical agstance for
Woody Biomasshased Forecasted to . .
. . . Son La completion of FSR i
Power Generation 5MW be imported Vietham .
(Sumitomo, 2011) from Japan province 2011
! P (MOEJ, 2013)
Woody Biomasshased Technical assistance f
Forecasted to . . . .
Power . . Dien Bien completion of FSR i
. . 4MW be imported Vietnam .
Generation(Sumitomo from Japan province 2012
2012) P (MOEJ, 2013)

Cogeneration techology was early introduced in Vietnam since 1960s, but has been
developed slowlytechnology is outdatedthere is a reportedlack of financing availahtel a

lack of skilledmanpower for installation and operation. In 2002 year the Cogen program
(www.cogen3.net funded by the European Commissjowas executedn Asiaand included
Vietnam to enhance awareness of policy makers andadtively promote private sector
involvementin the potential industries with cogeneration technology such as sugar millsy pap
mills, rice mills, sawing mills, cement, fertilizés. However, so far most cogeneration systems

in Viethamare in thesugar and paper industries which generate a large amount of biomass
wastes onsite suitable for cogeneration system installafaiten state owned) The wood
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processing sector also has biomass available and a demand for heat and electricity, and is
therefore a potential sector for cogeneration. Nevertheless many processors are small, and
wood residue collection (from the frest) is noivell managed to provide sufficient input
materials, furthermore as the systems are not locally available, the upfront investment to
import the systems from (often) Europe are high.

5.3 Gasification
Biomass gasification in Vietham came into the spotlight inetlmty 1980s when theravas a
shortageof petroleum and power. Howeveover the years it became less popular again due
to many reasons. Recentlyiomass gasificatioils back on the tabledue to the increasing
prices for fossil fue|Jsand have drawn attenbn of many domestic companies and research
centers Gasification can bdividedinto two segments and/or markets. Small scale gasification,
more focused on household cooking and/or SME use or Large Scale gasification for Industrial
purposes. Especiallydlsmall scale gasifiers have more and more attention in Vietnam but they
are mainly rice husk fed and not with woody biomass due to the fact that direct combustion in
case of wood makes more sense technology wiNevertheless there are developments
ongoirg focusing orgasier stoves which utilise biomass wastes including rice husk, coffee
husk, biomass pellets, and woodchip as fuel. These stoves are clean and high efficient and
widely deliered to rural areas in Vietnam.

TABLE33: GASIFICATION STOVE RFDUCERS AND DEVELORES INVIETNAM

Name of supplier Type of technology Type of biomass
Thao Nguyen Company Gasification Rice husk
Duc Nhan Company Continuous gasification Rice husk
SolarService Company Gasification Woodchip
Thuan Phat Company Continuous gasification Rice husk
VINASILIC JSC Gasification Biomass pellets
GreenCom Gasification Biomass pellets
Quang Minh group Gasification Biomass pellets
Center for Research and Development Continuous gasific¢i@n Rice husk
Industrial Technology

VINA FAT JSC Continuous gasification Rice husk

Larger scale application®r electricity generationalso received increased attention. In
neigbouring countries, like for example Cambodia, this is already extremely popular (mainly
fed withrice residues though, not with woody biomass) but electricity tariffs are almost 4 to 5
times higher in Cambodia than in Vietnamterestsin Vietham comes mainly fromesearch
centers and institutes such as the Vietnam Institute of Agriculture Engiigenich Posharvest
Technology(VIAEP); Advanced Institute for Science and Techral&Jy (under HaNoi
University of Science and Technology) and Center of Research and Development for Industrial
Technology - MachineryR&D Tech(under Ho Chi Minh Industrial Adiversity). But also
commercial companies, (as mentioned above) like Tin Thanh Industrial Steam and Electricity
Company are looking into the application of gasification, especially to safe space in urban areas
and at existing locations.
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Also, the AIST shoed its study results on Potential for biomass gasification based electricity
generation in Vietnam using Geospatial Software. The study was focused on agricultural
biomass such as rice crop, corn crop, peanut crop, and sugar cane crop and cassava crop
resdues and applied with small scale syngas and diesel fuel dual engine-dad off
communities. The outcomes showed that the levied cost for the electricity generation using
biomass is about 0.217$USD/kwh, while this using diesel is about 0.3433USDFkivé.
technology functns with a difficult feedstock like rice residues it will be no problem at all to

run on woody biomass, like woodchips. Nevertheless production costs will be much higher
due to the prices of the input materia(there is not sufficieninformation available to provide

an example calculation for the Vietnamese context).

Generally, biomass gasification remains new to Vietham and Vietnam has little experience in
this respect. All biomass gasification based electricity generation projects &b or piloting

scale, there have been not any biomass gasification based electricity generation plants at
commercial scale appeared in Vietnadme of the reasons for this, is that with the current
electricity prices and the lack of feed in tarifis other incentives, there is no strong driving
factor to move into woody biomas gasification (vs direct combustion).

6. CONCLUSION AND RECOMMENDATION

9LHWQDP KDV D ODUJH QXPEHU RI IRUHVW SURJUDP:-V DOO
and to reduce drest degradation and deforestation. Even though some successes have been
ERRNHG WKHUH LV VWLOO D ORW RI ZRUN WR GR &R UHDF
documents. With almost 14 million hectares of forastVietnam, both natural and pitation

forest, and at the same time a blooming wood processing sector as well as a big demand for
wood pellets and chips, it is a dynamic sector. Unfortunately woody biomass to electricity is

not one of the thriving sectors. The use of woody materialsniginly limited to the domestic

cooking sector and the use for small industries for héatften produced inefficiently.

Woody biomass has been grouped in 3 groups, forest residues (often left in the forest, not
economically feasible often to collect, inbhs stumps, branches, leaves and bark), saw mill
residues and wood processing industry. In this report forest growing for energy use is not
taken into account. A focus is on the residues and / or the waste materials, also assuming that
when collecting fronthe forest this is done as part of a wider, sustainable forest management
plan to secure sufficient materials stay behind.

With a rapidly growing saw and wood processing sector, the amount of residues available is
also rapidly growing. This is either ldlyaused for drying purposes, but this is also great input
materials for the production of wood pellets, wood chips and/or charcoal. There is already an
existing woodchip market in Vietnam, even though the local demand from the pulp and paper
sector for woodchips is large, and prices are higher, the majority of the chips is exported for
foreign markets for either energy use or for paper production. Woodchip production can be
on a small scale, with portable chippers or on a larger scale for more homogera@dugrger
amount of products. There are in Vietnad20 woodchip plants with a total capacity of 8
million tonedyr, they produce and export annually 6.2 millimnes woodchips.Currently a

new law for a tax on the export of woodchips is under negotiatits protect the local
market.
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The production of wood pellets is also becoming more walbwn in Vietnam, although the
amounts produced are still small. Pellets are mainly used for exports, with reported prices
between 91 and 125 USD per tenThere are seeral pellet machine suppliers in Vietham.
SBHOOHW:V GRQ-W UHDFK WKH (XURSHDQ PDUNHW GXH WR \
exported to Korea and Japan. The wood briquette market is relatively small compared to chips

and pellets, while the cheoal making is also mainly for domestic and SME use.

Woody biomass use for power, heat or cogeneration on a large scale is very rare in Viétham
beyond the use as heat for small businesses through furnaces. There are no supporting policies
in Vietnam lile Feedin-Tariffs or other incentives, while upfront investments are high. Several
biomass projects are developed on paper but are waiting for such support mechanisms. There
is a large potential, but it is not utilized due to these policy reasons, ladnaivledge and
limited access to financing.

It is recommended to increase the (local) knowledge levels on biomass conversion
technologies. Creating more local awareness for potential smaller scale, more efficient
solutions for biomass conversion to enerdWany local processes, furnace application, charcoal
making are still using low efficient technologies. This would also involve improved (biomass to)
energy planning by the local government. Furthermore it is important that the initiative to
introduce finakial incentives for Renewable Energy continue, and that the current FIT
proposal (5,6 cUSD/kKWh) is reconsidered as it might not be able to cover the costs for
bioenergy production.
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THE MAKING OF A NEW TRADITION: MARKET-
MAKING ACTIVITIES FOR THE INTRODUCTION OF
ADVANCED BIOMASS COOKING SOLUTIONS

Author: Jason Steele
Country: Cambodia
Sector: Renewable Energy

The cookstove market in Cambodia is relatively large in comparison to the number of households in the
CHALLENGE country, with an estimated 2.9 million households (~90% of total households) relying on traditional
ELRPDVV IXHOV (UHZRRG DQG FKDUFRDO DV WKHLU PDLQ FRIRMUAJIRIZXG O DQ
and use 2.5 cookstoves. There are an estimated 7.5 million cookstoves in use nationwide with a total
market value of approximately USD 45 million.

Although the use of LPG is slightly increasing
among higher income households in urban areas,
the prospect for the many peri-urban dwellers and
rural households in moving to modern cooking
IXHOV LV VWLOO D ORQJ zZD\ RN EHFDXVH
access to and higher prices of LPG and electricity
and the abundance of fuelwood. The use of solid
biomass fuels places a heavy burden on the
country's natural resources. According to FAO
data, Cambodia is experiencing on average a loss
of 1.3 million hectares of forest per year, which

is the largest deforestation rate in the region.
Unsustainable fuelwood production is one key

Almost 90% of Cambodian households cook with driver of deforestation in Cambodia.

biomass as their primary cooking fuel on traditional

stoves and cooking is primarily the responsibility of Costs for traditional biomass fuels are also on the

women (96%). (Photo: Thomas Cristofoletti (RUOM)

/ SNV) ULVH &KDUFRDO SULFHV KDYH LQFUHDVH

the last 8 years. The rural poor spend about 10%
of their consumption expenditure on energy needs with cooking energy needs representing 70% of the
WRWDO HQHUJ\ VSHQGLQJ 7KLV KLJK HQHUJ\ H[SHQGLWXUH DPRQJ &DPERGLI
obstacle for socio-economic development of the country.

Addressing the above described situation, cookstove interventions were initiated a decade ago. Today,
Cambodia is recognised as one of the most developed improved cookstove (ICS) markets in the
world and sales of ICS continue to increase exponentially every year. However, currently all improved
cookstove technologies available in Cambodia are based on traditional designs with incrementally
improved durability and fuel savings but do not address health issues related to smoke and safety.

Cooking with solid fuels with traditional stoves has
SDUWLFXODU HNHFWYV RQ WKH KHDOWK R
smoke from cooking contributes to high levels of

household air pollution. The Global Burden of

Disease 2010 report estimated that household air

pollution from cooking with solid fuels is the

second leading risk factor contributing to disease

and premature death in Cambodia. The WHO

estimates that this results in 6,600 premature

deaths per year, equal to 18 deaths per day. Even

ZKHQ FRRNLQJ RXWGRRUV VPRNH (QGV I
indoors, harming health, especially of women and

children.

Cookstove production in Cambodia is a traditional

industry, with the supply side of ICS currently
Solid fuels is the second leading risk factor consisting exclusively of artisanal manufacturers
E%T:L%Lg:zgﬁ: '\f;ams:na::dpgﬁH;?::igiizt?hlg producing the New Lao Stove (NLS) and the Neang
PRVW YXOQHUDEOH WR WKH HNHFWV 3K R ey’stoRv® (NKS), both clay bucket stove
Cristofoletti (RUOM) / SNV) models (NLS with metal cladding) introduced

by French NGO GERES. Artisanal producers use

traditional sales channels, such as mobile ox-carts



METHOD/SN\

INTERVENTIC

and district markets to distribute stoves to end-users.

7KH LQGXVWU\ VXNHUV IURP D ODFN RI QDWLRQM.G W \8R Q GM\PB G W HUKD V& FRK 06
investors and stove experts with a credible basis to further advance stove performance beyond what

is currently available. As a consequence, innovation has been notably absent from the Cambodian

cookstove market since introduction of the NLS model 10 years ago.

To date, clean biomass cookstove options are not available to Cambodian consumers. While these new

JHQHUDWLRQ VWRYHYVY DUH UHODWLYHO\ H[SHQVLYH FRPSDUHG WR FXUUHQW
WKH\ VLIQL,FDQWO\ FXW FRRNLQJ FRVWY DQG WLPH XVH FRPSDUHG WR WUD(
be more convenient to use, cleaner and healthier.

SNV Cambodia and partners believed that the time has come for the large-scale introduction of clean

ELRPDVV VWRYHV WKDW LPSURYH SHRSOHV KHDOWK DQG WKDW DUH VDIH WF
SNV team designed the Advanced Clean Cooking Solutions (ACCS) project with the main objective

to broaden the existing stove supply to the Cambodian market, giving consumers an opportunity

to purchase a range of high quality, high performance and cleaner biomass cookstove appliances at

GLNHUHQW SULFH SRLQWV ,I| WKLV LV GRQH WXHVESDRIY; IWBGH WMKED W KA K IR/ XV FIK
to the local and global environment are numerous.

In order to broaden the supply chain the ACCS project would need to stimulate the interest of stove
manufactuers of advanced biomass stoves and local distributors and retailers to engage in this market.
Therefore, the SNV team setout to design and implement a comprehensive suite of market-making
activities that would reduce market entry risk for the private sector. This set of activites includes:

Market Intelligence

Inclusive Business / MSME Capacity Development
Distribution Model Development and Piloting
Consumer Awareness and Marketing Approaches
Stove Testing and Research

Knowledge Sharing

I o o

1. Market intelligence

In the beginning of the project we set out to understand the market opportunities for advanced

biomass stoves and cleaner and renewable fuels. We commissioned Emerging Markets Consulting
(EMC) to conduct a large household survey and a number of focus groups to gather data and feedback
including willingness to pay for these appliances to determine the scope of the market.

The research indicated the following market potential within the selected market segments in the table
below:

. Economic Potential: 1,066,635 households (ability to pay)
. About 568,000 households have the desire to adopt an advanced biomass stoves

. Achievable Potential: 143,000 households (ability to pay, willingness to pay USD 100) valued at
USD 14.3 million or 32% of the overall market value.

Market potential is expected to increase once advanced biomass stoves move from early adopters to a
mass market product.



7KHVH ¢QGLQJY DUH DOVR VXSSRUWHG E\ PDUNHW UHVHDUFK VWXGLHV FRQG
Clean Cookstoves, which clearly show market potential but lack of clean cookstove options beyond

WKRVH VWRYHV ZLWK LQFUHPHQWDOO\ LPSURYHG HOFLHQF\ 7KLV UHVHDUFK
WR XWLOLVH (QDQFLQJ VFKHPHV WR ORZHU WKH LQYHVWPHQW EDUULHU

SNV demonstrating the Philips HD4012 to

two women that participated in the Consumer
Acceptability Study for the Philips stove. (Photo:
Jason Steele, SNV)

Moreover, Consumer Acceptability and Willingness-
to-Pay Studies conducted by the ACCS project on
several stove models indicate there is considerable
appetite among households for cooking equipment
upgrades beyond what is currently available to
them, and a general readiness to embrace new,
more modern technologies. The team used a
number of data collection techniques during these
studies including Stove Use Monitors (SUMs) to
quantitatively collect data on the frequency of
stove use.

SNV commissioned Fast-Track Carbon to undertake
a study on baseline consumption of cooking
charcoal and wood in Cambodia. Charcoal
measurements were performed in 33 cities and

wood consumption in 63 villages. The study implemented surveys in 2,072 Cambodian households.
7KH VXUYH\V ZHUH LPSOHPHQWHG EHWZHHQ -XQH DQG $XJXVW E\ WKH OR|
Consulting. The study provided valuable baseline data on household cooking behaviour. Some key data

points are:

. 7KH DYHUDJH FRRNLQJ ¢UHZRRG FRQVXPSWLRQ DPRQJ ¢UHZRRG XVHUV

. The average charcoal consumption throughout the study: 2.023 Kg/household/day
. 3HUFHQWDJH RI ZRRG XVHUV WKDW SXUFKDVH ¢UHZRRG
. BHUFHQWDJH RI ¢UHZRRG XVHUV WKDW FROOHFW (UHZRRG

. Charcoal and wood users spend 105-108 minutes cooking per day

. Traditional Lao Stove (TLS) remains the most prominent stove for both wood users (58.2%)

and charcoal users (60.2%).



2. Inclusive Business / MSME Capacity Development

For local distributors that wanted to engage, the
SNV team supported them to pilot the distribution
of stoves including providing them sales agent
training and support to create consumer
awareness.

In collaboration with the ADB funded project
“Harnessing Climate Change Initiatives to
%HQH¢;W :RPHQ" WKDW 619 LV DOVR LPSO|
ZH VXSSRUWHG GLVWULEXWRUV LQ WKH L
training, and coaching of female sales agents

SNV training sales agents from LES on the use of in order to mainstream gender into their supply

WKH (QYLUR{;W VWRYH 3KRWR 'HQQLV %minmiadganeaddbiomass stoves. This coaching
LQFOXGHG KRZ WR FRQGXFW HNHFWLYH Y
demonstrations.

3. Distribution Model Development and Piloting

37KH SURRI LV LQ WKH SXGGLQJ" 6XUYH\ DQG IRFXV JURXS GDWD RQO\ KDV V
SLORW WR FRQ¢/,¢UP DOO DVVXPSWLRQV PDGH DERXW WKH PDUNHW LV D NH\ Pl
SULYDWH VHFWRU WR HQJDJH 619 FRQGXFWHG D FRXSOH GLNHUHQW SLORW
stove manufacturer, African Clean Energy (ACE), and local distribution company, Lighting Engineering

Solutions (LES). The distribution pilot was implemented on a limited geographical scale, a few districts

(rural) in Kampong Chhnang province, in the latter part of 2015 to test fundamentals of a sustainable

business model for an advanced biomass stove supply chain, including distribution chain arrangements,

FRQVXPHU ¢QDQFLQJ PRGHOV DQG PDUNHWLQJ PHVVDJHV /(6 DQG WKHLU FR
RYHU $&( V IRU 86" HDFK /(6 SURYLGHG LQ KRXVH (¢QDQFLQJ DOORZLQ.
instalments over a one year period. The majority of households took this payment option. Purchases

were made based on a combination of the following drivers:

Drivers Reason

Fuel savings

More efficient than traditional biomass stoves

Convenience

Easy to light, easy to use and control, and faster cooking

Less agitation caused by smoke Less smoke generated from gasifier stoves compared to traditional biomass stoves

perspective)

Modern (primarily from a male buyer | Aspirational: looks modern, associated with high social status

The barriers to not buying the stove were the following:

Barriers Solution

Lack of Disposable Income and High | Different models with different price points will be available.

Price Local production/assembly to bring costs down
Distributors should arrange a payment plan for the consumer through MFIs, in-house financing, or community
savings models.

Lack of spare parts and repairing Addressed through a one year warranty and after-sales services provided by the manufacturer’s

services / Fear of being deceived on | representative located in Cambodia (local phone number to call)

quality and service

Stove distributors should get the buy-in and endorsement from local authorities prior to conducting village
demonstrations, small-group meetings, and door-to-door marketing

technology

Not enough knowledge about the This will increase with more promotion of the products at the village level, and more demonstrations. First
product / nervous about new adopters will spread knowledge about the products to their neighbors, friends and family, which is the most

effective promotional tool.

7KH FRQVXPHU SUR¢{OH RI $&( EX\HUV LV

. Firewood / Charcoal / and LPG 200ml users (small cannisters)

. Female

. Age range (30 to 50 years old)

. OXOWLSOH LQFRPH VRXUFHV L H GLNHUHQW LQFRPHV FRPLQJ IURP GLK



WKH VDPH KRXVHKROG DQG RU GLNHUHQW W\SHV RI MREV H J IDUPLQJ
. 7\SH Rl KRXVH DV 6RFLR HFRQRPLF LGHQWL,HU
. Wood with corrugated iron roof
. Wood with tiles
. Half concrete half wood with tiles
. Concrete with open kitchen (in peri-urban areas)

In one farming village in Kampong Chhnang province, 15% of households purchased the ACEL1 stove.

The number of households in the village are 199 and 30 stoves were purchased for USD 100 each.

7KH YLOODJH LV UHODWLYHO\ SRRU ZLWK Rl WKH YLOODJH KRXVHKROGV R
SRRU 7KH KRXVHKROGY LQ WKH YLOODJH FROOHFW ¢(UHZRRG IRU IUHH IRU Z
there was no direct economic savings to drive their purchase decision. Their reasons for purchasing

are consistent with the purchase drivers listed in the above table. The households who purchased

the stoves were a mix of poor and nonpoor households. The village sales agent, Ms. Un Lim, was a

driving force behind the large sales numbers. She purchased two stoves herself and conducted several

demonstrations, either for groups or for individual households at their homes, showing them how to

XVH WKH VWRYH 6KH DOVR OHW KRXVHKROGYV ERUURZ KHU VWRYH IRU D FRX
combined with a good product and the one year payment plan provided by LES, made her the top seller

compared to LES’s other commissioned sales agents.

$QRWKHU SLORW ZDV LQ FROODERUDWLRQ ZLWK 'LNHU *URXS 1RUZD\ DQG 3!
local company Sustainable Green Fuel Enterprise (SGFE). The pilot tested out SGFE as the wholesaler

in the supply chain, with one container of Prime stoves (~1,000 units) nearly selling out within 4

months to local distribution companies and organisations.

4. Consumer Awareness and Marketing Approaches

What are the messages that hit home and make someone want to buy an advanced biomass stove?

SNV and partners tested out a number of messages, and with support from 17Triggers and TNS

&DPERGLD FRQGXFWHG DQ DFWLRQ UHVHDUFK WR XQGH U\DWDHNGH EWH WK HQ K|
GULYLQJ VDOHV 7KH UHVXOWY ZHUH WKDW KHDOWK PHVVDJLQJ FRPEIHQHG ZlI
versus focusing messaging solely on the health impacts. The action research resulted in several lessons

learned in how to market products in villages, building trust with local authorities, and the essential

QHHG WR UHFUXLW FRQ{;GHQW DQG SURDFWLYH VDOHY DJHQWY WKDW EHOLH

5. Stove Testing and Research
For all new advanced biomass stoves that we
investigated, it was important to understand how
they perform compared to traditional Cambodian
stoves. This data is important to share with market
players and consumers, so expections and value
DGGHG EHQH,;WV DUH DFFXUDWHO\ SRUW!
context. In order to understand fuel savings over
the most prominent baseline stove, the SNV team
with help from stove testing experts conducted a
number of controlled cooking tests with
Cambodian cooks and common Cambodian cuisine.
$00 WHVWV ZHUH FRQGXFWHG ZLWK ¢UH.
compared to the most prominent baseline stove
(Traditional Lao Stove) are the following:

Cooking stations constructed for the CCTs to
isolate cooks from one another to limit their
ability to take on other cooks behaviours
throughout the testing and increase the
cooks focus on the task at hand. (Photo:
Carlo Talamanca, SGFE)

Stove Model Stove Type Fue!
Savings

Mimi Moto Forced Air TLUD Gasifier 31%
ACE1l Forced Air TLUD Gasifier 20%
Philips HD4012 Forced Air TLUD Gasifier 22%
Prime Fuelwood Natural Draft TLUD Gasifier 12%
BioLite Homestove Forced Air Rocket Gasifier 7%

RocketWorks ZaMa Zama Natural Draft Rocket Gasifier 21%
Traditional Lao Stove (Baseline) | Ceramic with thin metal cladding 0%




It was also important for SNV to build the evidence base on household air pollution in Cambodian
households related to cooking smoke and the positive health impacts of advanced biomass stoves
and household biodigesters. This would support claims that advanced biomass stoves are indeed a
healthier option than cooking on traditional biomass stoves. To do this, SNV commissioned Berkeley
$LU ORQLWRULQJ *URXS DQG D ORFDO ¢HOG WHDP WR FRQGXFW NLWFKHQ DL
monitoring on a number of households from July to September 2015. The ACE-1 sub-study was
conducted in 24 peri-urban and 24 rural, wood-burning households and involved measurements of
personal exposure (PE), kitchen air pollution (KAP), and stove use before and after the introduction
of the ACE-1 stove (before-after study design). The biogas sub-study was conducted in 24 rural
biogas households and 24 rural control households (cross-sectional study design) and also involved
measurements of personal exposure, kitchen air pollution, and stove use.

$&( DQG ELRJDV XVH UHVXOWHG LQ VWDWLVWLFDOO\ VLIQL{FDQW GHFUHDYV
personal exposure (PE) resulting in positive health outcomes (measured in averted disability adjusted

life years, ADALYSs) for the populations using these cleaner technologies, as modelled in the Household

Air Pollution Intervention Tool (HAPIT) version 3, a web-based application developed by University of

California, Berkeley. A summary of the results is shown below:

Kitchen Air Pollution Personal Exposure

ACE-1 183 111 72 66 47 19 1,295
. 172 73
Biogas 35 137 28 45 2,770
(control) (control)

SNV also commissioned Sustainable Green Fuel Enterprise (SGFE) to determine the optimal fuel source

IRU IDQ SRZHUHG JDVL¢{¢HU VWRYHV PRUH VSHFL,{FDOO\ LQ WKLV FDVH IRU W
33KLOLSV VWRYH" IRU FRRNV LQ &DPERGLD DQG FRPSDUH SHUIRUPDQFHV L

7KH VWRYH ZDV WHVWHG ZLWK RYHU W\ASHV RI IXHO ¢UVW TXDOLWDWLYHO!

water boiling tests and controlled cooking tests. Fuels that came out on top were rice husk pellets,

wood, corn cobs, and coconut shells. A follow up assignment, also conducted by SGFE, was a feasibility

study and preliminary business plan for rice husk pellet production and distribution in Cambodia,

UHVXOWLQJ LQ D (QDQFLDOO\ YLDEOH GHFHQWUDOL]HG EXVLQHVV PRGHO IR

and for enterprises to distribute them. To test some business plan assumptions and the marketability of

rice husk pellets, SNV procured a mini-pellet mill, for which SGFE operates to produce rice husk pellets

DQG VHOO WKHP LQ FRPELQDWLRQ ZLWK JDVL{HU VWRYHV 7KLV ZRUN LV VWI

6. Knowledge Sharing

We shared all the market intelligence and testing and research reports with interested private sector
actors to spur their interest in entering the market — this spans from international stove producers to
local distributors. All knowledge products are posted on www.advancedcleancooking.org and www.
thestoveauction.org.



IMPACT

TESTIMONIAL

STANDARD

DATA

Through the ACCS project intervention we have successfully engaged international stove producers and

local distributors to get them interested in the Cambodia market. Our high quality knowledge products,

such as our market intelligence and consumer acceptability reports, our research on health impacts,

RXU DFWLRQ UHVHDUFK RQ PRVW HNHFWLYH PDUNHWLQJ PHVVDJHV HWF DO
to the private sector about the market. This resulted in their investment in Cambodia, through sending

in containers of stoves at their own costs, making several visits to learn more about the landscape and

PHHW SRWHQWLDO GLVWULEXWRUV DQG KLULQJ ORFDO UHSUHVHQWDWLRQ
Cambodia and making steps toward local production (ACE).

We also built enough evidence to demonstrate market potential and opportunity for scaling-up, and
VHEXUHG IXQGLQJ IRU D IRXU \HDU UHVXOWYV EDVHG ¢QDQFLQJ SURJUDP I1XQC
further stimulate the private sector to accelerate the market for advanced biomass stoves.

Through this intervention, SNV prides itself in having catalysed the growth of an emerging market,
EULQJLQJ SURYHQ DGYDQFHG ELRPDVV FRRNVWRYH WHFKQRORJLHV WR &DPE

":KHQ , ZDV ¢UVWO\ FRQWDFWHG E\ OU &KDQW\ /(61V VWDN LQ -XO\ , ZDV
GLVWULEXWLQJ WKH VWRYH DV , QHYHU KDG DQ\ H[SHULHQFH DQG , GR QRW '
DWWHQGHG WKH (¢UVW PHHWLQJ IROORZHG E\ WKH WUDLQLQJ , EHFDPH FRQ
LQ WZR PRQWKY JHQHUDWLQJ DURXQG 86' 0\ KXVEDQG DSSUHFLDWHV P\ :
WR GR KRXVHKROG FKRUHV ZKHQ , DP QRW DURX3.®NWIR, BP BakeRAGent WKH VWRY F
Kampong Chhnang province

3,Q P\ YLOODJH ZH GR QRW KDYH RSWLRQ EHVLGHV XVLQJ WUDGLWLRQDO FR
FDQ SURYLGH EHWWHU RSWLRQV WR P\ YLOODJHUV 7KURXJK GLVWULEXWLQJ
GHYHORSPHQW RI P\ YLOODJHUV WKURXJK KHOSLQJ WKHP WR KDYHMEHWWHU
Koy Vannak, Sales Agent, Kampong Chhnang province

Start and end date of contract: January 2014 to December 2015
7THDP 619 6WDN DQG 1& %V
Financial resources invested: EUR 750,000

YXQGHG E\ 0LQLVWU\ RI )RUHLJQ $NDLUV Rl WKH 1HWKHUODQGYV



