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PREFACE

he transformation of tropiCaI forest areas into otiﬁer uses, especially agricUlture

and animal farming, is the largest threat to the production of timber and to make

sUstainable management plans feasible for this type of forest. In Brazil, an ex-
amplé of this situation is the growth of land clearing in the Brazilian Amazon Region over
the last few years, which is resulting in a change of forest cover of more than 20 km? per
year, with a loss of sustainable production potermal of commercial timber Iogs in the order
of 2 'million m® per year

The search for any alternative for making forest management feasible under a sustainable
regime,-whate\'/er‘its economic, technical, social, environmenial and other aspects, it/is of
fundamental importance to have a sustainable de’velopm'ent process, one of the objectives
of the International Tropical Timber Organization — ITTO, as well as fulfi’/lling another of the
Organization objective, which is the stimulation for the development of national policies
~that aim at sustainable use and conservation of tropical forests and their genetic resources,
and the maintenance of ecological equilibrium in the region involved.

The study'in question, financed by ITTO and carried out by FUNPAR tries to contribute to
the sustainable development of the forest base in the Brazilian Amazon Forest, increasing
the competitiveness of the timber productive chain through the aggregation of the value
to its by-products, such as .biomass from forest harvest and, industrial transformation
residues. The innovating factor of this initiafive is the identification of external partners
-in the forest sector, for example, the generation of electric energy. Currently, the isolated
Armazon communities use high cost diesel fuel (fuel from fossil origin) as a raw material
for the production of energy, even with the availability of large quantmes of biomass from
a vegetable origin.

Another relevant factor, considered by the ITTO and the Brazilian Government for this
study is the possibility. of insertion of energy generation into local communities, creating
a new productive activity, looking for a way of changing the picture for natural resource
appropriation with an improved economic and. social response, through sustainable forest
use, while at the same time, providing a new form of increasing income and permanent job
opportunities for these communities. ' ' ' '

Thus, the project preéénted herein contributes to the fulfiliment of ITTO objectives, by the fact
of aggregating additional value to timber production chain, from the forest to industry, even
contributing of making sustainable forest management more feasible, generating energy
and improving the infrastructure for isolated communities, at the same time substituting a
fossil origin fuel with a renewable source fuel, and most important permitting the use of
natural resources in a way to make isolated communities of the Brazilian Amazon Region
more dynamic. ' ‘

Manoel-Sobral Filho
Executive Director ITTO
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his document is the final report for ITTO Project PD 61/99, carried out by FUI\]PAR
- Foundation of the Federal University of Parana for the Development of Science,

Technology and Culture, entitled

“Increasing the Efficiency in the Tropical Timber

Conversion and Utilization of Residues from Sustainable Sources”.

The project execution timetable was the following:

e Presentation of the Project to ITTO.in 1999;

* [TTO Approval of the Project in 2001,
e Contract signing in August 2002;

* Contracting the main project team (coordinator and forest deve/opment specialist) and the /TTQ

non rejection in December 2002;

* Bidding for sub- contract for Cany/ng out the surveys and eva/uat/on of Forest/Forest Product

Resources and feaS/b///ty study for energy generation, in 2003:

* Execution of surveys, evaluation and studies, in 2004,
° Holding of workshops for the discussion of the Project in 2005; and

“* Conclusion of Project, in 2005.

C THEPROBLEM -

5

The tropical forest conversion expansion into other soil

uses Cleafly demonstrates, amongst other things, that

in many. tropical areas the maintenance of the forest
cover is not attractive and financially competitive. The
- largest reetriction to the implementation of the forest
managerhent and the production of forest products in
the largest part of the Amazon Region (that reduces

the forest management competitiveness in
other economic activities) are:

relation to

e The restricted uses of species, because
the timber consumer markets are far away
from the production centers, absorbing only
several selected species (less than 20% of
the sustainable production), which coupled

~ with the small local markets limits the use of
a majority of the existing forest species in the
areas under sustainable forest man’agement;

The absence of markets to absorb the
set (variety) of species and forest harvest
residues produced in the heterogeneous
Amazon forest, when managed on a

sustainable basis and conserving the

biodiversity; and,

The absence of a local market for the
industrial residue.

Energy generation using the timber biomass
is one of the alternatives to create and
develop the local markets with a potential io_
absorb the non-marketable and low species
use and the processing industry residues.
Such that the two first (non-marketable
species and forest harvesting residue)

~ represent the largest part of the wood fiber

material - existing in the sustainable forest

management areas in the Amazon.



0B JECTNES 4 ' : vestments for the forest development in‘ the
§ e . Amazon, R

The overall objective is: B Sy o

To contribute to the development of the sustainable for- TABGET PUBUC s

est base in the Amazon.

The specific objective is: The target public for the projectin questionis made up of:

e Governments, timber and electricity con-
sumers who will benefit from greater per-
spectives for sustainable forest development,
based on sustainable biomass production to
supply both the traditional forest product in-
dustry and the energy generation industry;
Local communities that will bghefit from in-
<  creased employment perspectives and use
- RESULTS > 4 of‘local resources; _;

: : : The local forest product industry and econo-
’ my. will have an altefnative source of énergy
avgilable, and in principle at a much lower

To demonstrate that the traditional forest product
industry, together with a non-traditional timber consumer
'(enérgy generation industry) can contribute to the
/mp/ementatipr; of industrial operations, making the
sustainable forest product industry a feasible operation
in selected locations.

The expected results from the execution of the Project
are the following:
e Data and infourmation} about the feasibility
~ of sustainable forest management for the
procurement of the traditional fdrgast product
industry and energy generation plants for the
areas selected for case studies;
To facilitate and stimulate the future devel-
, opment of demonstrative energy generation ,
A plants based on biomass with a forest origin
(non-marketable species and forest harvest
- residues) and industrial residues, mainly by
independent energy producers, as a means - : - ’ : ~
of increasing efficiency and reducing loss- fex
SCST '
Critical analysis and making
. information available about the
potential to integrate sustainable
forest management, the forest
product industry and the'energy
geheration industry —in  the
Amazon; :
Amplification of the perspective
for  the  development of
demonstrative units linked to
forest ~ management, = forest
' product industry. and energy.
generation plants using forest
biomass and industrial residues:
and, _
* Perspective for an increase in in-

cost; and,

Environmental protection: génerates ben-
efits for the sustainable timber production,
combined with the traditional use of forest
products and energy. Qeneration, with a net
carbon capture equivalent to the substitution
of diesel currently consumed for electricity
generatidn, as CO, emissions are reduced.




he study was carried out to meet the needs of

the PD 61/99 Project presented to ITTO. Origi-

nally, two case studies were foreseen, with one in
the Rio Branco Region in the State of Acre and the oth-
er in the Itacoatiara Region in the State of Amazonas.
Between the presentation to ITTO and the field study in
the Itacoatiara Region, the implementation of an energy
‘generating plant was undertaken by the BK Grdup in
conjunction with MIL (Precious Wood), which used all
available combustible timber residues (biomass) in the
Region. - ‘
As a function of this overwell situation, the Project team
carried out negotiatiéns with Jari Celulose S.A: (com-
pany in the Orsa Group in the State of Pard) and SDS
_ State of Amazonas Secretary of Sustainable Develop-
- ment, and proposed to ITTO and ABC the substitution
of the case study in the ltacoatiara region by two others
involving the Alto Solimdes Region (State of Amazonas)

and Jari/Orsa Region (State of Pard), such that both in-

stitutions agreed to the changes.

Solimées

Rio Branco

The methodology presented below. contemplates: the
following aspects:

« Coverage of the study;

» Overall View of Biomass residues in the Am-

azon; -

» Data collection:

» Estimate of available biorﬁass;

e Energy plant design development; and,

e Feasibility study and risk analysis. ’

2.1 — STUDY COVERAGE

-

The project in question contemplates an information
survey in four distinct regions (see Figure 01) with the

‘purpose of energy generation based on biomass for 3

(three) of the four regions:

° Rio Branco (AC),. : §
) Itaooati‘ara/'(AM); >

* Rio Jari (PA); and,

¢ Alto Solimoes.

Rio Jari

ltacoatiara



2.2 — BIOMASS TYPE

Energy Qeneration is one of the options with a potential
to create a local market, capable of absorbing the by-
products (marginal biomass) generated in the timber
productive chain (non-economic use) in the areas un-
* der sustainable forest nﬁanagement, from the forest to
the industrial unit, contemplating thefollowing products
(Figure 02):

* FOREST HARVEST RESIDUES
The forest harvest residues is a by-product (marginal
biomass) generated during the Jog production phase
for marketable species, which are not transported to
the industrial unit and remain in the forest, with no eco-
nomic destination, including:

Crown,

Stumps, and,

Tree tops.

Figure 02 — Residues and
By-Product Generation in
the Timber Chain Produc-
tion

i Marketable Species

o

e i Transported

Forest Losses:

- Abandoned Logs
- Crown ;
- Cuttings

* INDUSTRIAL RESIDUES

Industrial residues correspond to

by-products generated in the diverse

phases of industrial transformation (mar-

ginal biomass), leftover from the productive pro-

cess and in the majority of cases not sold, thus consti-

tuting an environmental liability for industry. The types of
industrial residues are:

* NON-MARKETABLE SPECIES
The non-marketable species correspond to mature

trees existing in sustainable forest management areas Saw dust,
(marginal biomass from forest management), ready to Shavings,
be sold, which make up part of forest species but are Log ends,
not saleable in the Region. The volume of this species Ends and wanes,
group is made up of: Bark,
Stems; and, - Slabs, and,
Crown. Other losses from the industrial processing.

.
n :



2.3 - DATA COLLECTION

Data collection includes the covered area for each case study and where information
was surveyed at the various levels in the timber productive chain and feasibility
studies made, including the energy generation unit and insertion of the energy in the

distribution network, Contemplating the following: : 5,

/

* BIOMASS:
- Area with forest per Region
- Area with potential for log produ,ction;
- Mature (apt for harvest) timber volume (marketable and non-marketable);
- Estimated crown volume; and, '
- - Estimated Tree stem (log) residue generated by forest harvesting.

Data collection was carried out through the execution of the following activities:
SR Review of existing studies:
Antimary State Forest;
IBAMA and others in Itacoatiara; —
SDS and Forest Agency studies in the Alto Solimbes Region; and,
Studies carried out by the Jari and Orsa Group in the Jari/Orsa
Region. ‘
- Interviews with institutigns and researchers in each one of the Regions;
- Field data surveys, together with companies, NGO'’s and other institutions
that carry out forest management; i
- Data surveys of registered forest management areas: 7%
IBAMA in the State of Acre,
IBAMA in the State of Amazonas (I’tacoatiara);
Forest and Sustainable Business Agency and SDS in 'Amazonas;
and, '
Orsa Florestal.
- Data surveys for forest management areas registered in the state environ-
- mental agencies, IMAC, IPAAM and SECTAM.

“» ENERGY GENERATION:
Data collection for the information surveys about the energy generation involved:
- Energy generatior; and distribution companies in the 4_(four) Regions:
and, \
- Equipment manufacturers.
For the data surveys about energy generation, the following éotivities were carried out:
- Literature review of available information; g ;
- Contacts and information surveys with energy generation equipment and
machinery manufacturers;
- Contacts with energy distributors, ELETROACRE, CEAM and CELPA;




and,
- Contacts with energy generating companies.

* FEASIBILITY STUDY:
The following activities were carried out for data
collection for the feasibility study:

- Literature review for forest product prices
and costs in the States of Acre, Amazonas
and Paréa;

- Forest product prices and costs in the
States of Acre, Amazonas and Parg;

- Price, equipment quality and technology .

information survey with-energy generation
machinery and equipment manufacturers;
- Contact = "with  energy  distributor,
ELETROACRE, CEAM and CELPA: and, ,
- Contacts with energy generation compa-
nies. '

2.4 — DETERMINATION OF
BIOMASS VOLUME

The determination of the bior}lass volume avail-
able for energy generation. was carried out for
each type of residue génerated in the timber pro-
ductive chain: .

* FOREST BIOMASS
- Forest Harvest residue (marketéble species):
Stems; and,
~Crown.
- Non-marketable species:
Timber logs; and,
Crowns.

o INDUSTRIAL RESIDUES
2.4.1 — FOREST BIOMASS
For the determination of the forest biomass volume, the
crown and stem residue for harvested per tree volume

was calculated:

* CROWN VOLUME PER TREE
The relationship between the crown.volume and stem

volume was studied by various authors, including
JANKAUSKIS (1983) and HIGUCHI (1998), which will
be used as a basis to estimate the crown volume in this
study.

* STEM RESIDUES

The relationship between the log volume usable by
industry and total stem volume in the Amazon Region
was studied by various authors, such as JANKAUSKIS
(1983) that obtained a relationship of 70.9% log
and 29.1% residue, while IMAZdN (1997) found a
relationship of 78.7% log and 21.3% residue and more
recently MANOA (2002) found a relationship of 69.4%
for logs and 30.6%\for residue. These studies will be
used as a basis to estimate the stem residue volume
for marketable species.

e DETERMINATION OF EXISTING

TIMBER VOLUME

The existing timber volume in each Region was ob-
tained through forest inventory information stirveys and
existing management plans registered with Ibama or
State environmental agencies for each one of the areas
object of the study.

- In the case of Rio Branco, the iﬁformation
from the forest inventory carried out in the
Antimary State quest for authorizations is-
sued by Ibarha and IMAC was used.

- In the case of ltacoatiara inférmation con-
tained in the management plans existing in
Ibama was used.

- In the case of Jari/Orsa the information form
the Orsa Florestal Management F’Ian ap-
proved by Ibama was used. -

- In the case of Alto Solimbes the management

~ plans prepared by the Forest and Sustain-
able Business Agency in Amazonas in the
Free Zone Green Program for the State of
Amazonas was used as a basis.

* MARKETABLE SPECIES VOLUME

The marketable species volume was surveyed through
an analysis of the forest harvest authorizations, previ-
ously indicated and studies with the timber consuming
companies in each Region, contemplating: :



- Determination of the average volume per hect-
are per species in each Region;

= Idehtificvation of species acquired by the market;
and, : ;

- Determination of the authorized marketable sbe-
cies volume for harvest and the remamlng mar-
ketable speones

o NON—MARKETABLE SPECIES VOLUME
The non-marketable species volume (currently not sold)
- was  obtained through management plan  information,
adoptlng the following procedures: 2
- Determination of the average volume per
species for each Region; _
- |dentification of non-marketable species (not
sold); ‘ ;
- Determination of total volume of non-market- -
able speC|es and,
- Determination of maximum harvest volume.
~ based on the relationship used for marketable
species. V
242 INDUSTRIAL BIOMASS RESIDUE
Industrial residues are by-products generated during the
timber transformation process, such as bark, slabs, wanes, -
ends, sawdust, shavings, rejected pieces and others.
The transformahon factors used in this study to determme
the industry residue quantities avallable were surveyed as
follows:
e 3R Fer the Rio Branco Region based on the forest
sector assessment;
- For the ltacoatiara Reg|on based on Ibama
1nformat|on ; ¢
- For the Alto Solimbes Region based on
information \Collected from companies;
and, : )
- i:or the Jari (Monte Dourado) Region based on
information provided by the company.

N

9.5 _ ENERGY PLANT DESIGN

For the thermoelectric energy generation plant design, the
following activities were carried out:
! - Review and evaluation of the basic thermoelec-

tric energy generation concepts;
- Evaluation of existing and available technolo-




li \

o

gles for the energetrc use of bromass

- Analysis of the advantages and disadvan- v

tagesof the exrstlng thermal technology and
' machinery; ,
- Selection of the most appropnate thermal

E technology and _machrnery based on main -
product (electric energy or, process steam) v
and the advantage and dlsadvantage bal-

ance for each one;

;

- Generatlng plant and equrpment srzrng to be

- used, adopting 2 (two) generatron alterna—_\

tives for each case study;

o Equipment and building technrcal specrfrca—‘

g trons for each generatrng plant alternatlve
- Plant macro location; .
- Basrc desrgn preparatron and prelrmrnary
physrcal plant layout
- Identification and quantrfrcatron of labor
:ci needs; - 5
- Descrrptron of biomass procurement logistics
to meet the energy. generatlon plant needs;
and, { o
-Speciﬁcation of other plant\ needs

The alternatrve generating plant desrgns were used as

. a basrs to. determlne the mvestments necessary for their
rmplementatron as well as operatrng costs, which wil
‘ ard in feasrbllrty study analysrs ’

AN

2 6— FEASIBILITY STUDY AND
RISK ANAI_YSIS ’

N

»‘The ec’ohomic feasibility study and- risk analysis were

~ carried otit withthe objective of evaluating the profitabil-

|ty of the energy generating plants for the Regions be-

ing' studred For each alternative. selected ‘two optrons_ .

were analyzed inthe feasrbllrty study
- Energy generation for the market and

S Substltutlon of diesel by- blomass

“Far the energy generatron for the market option,
|t was consrdered that the investor would receive
benefrts in- the CCC account on-the |nvestment

made . '

- For the substitution optron |t was consrdered that
the generatron unrt was consumlng dresel and

-

S

vy

- would begln to save on the cost of raw materlal

havrng a supposed revenue correspondrng to the

“value saved

For each proposed alternatrve by Regron the followrng,
economrc indicators were analyzed \ K. .
N IRR The Internal Rate of Return is. the re-
T muneration rate for the undertakrng over the -
capital invested. A .
§i. NPV= The Net Present Value is the et frnan— B
* cial result at the present moment (date ofin- /
vestment) of a business for a grven perrod

discounted based on a Drscount Rate (DR),

S : ‘established by the investor (owrier of the

capital). For this study the DR was defined
‘as 12% per year; and, :
iii. PAYBACK Payback is the trme necessary to

recoverthe mvestment made |nthe busrness o
'For the economlc/flnancral analysis, the feasrbrlrty study
‘ used the following rnformatlon

| Plant size, in functron of raw'material avail-
\ abrlrty, technology and generatron capaC|ty,

flow -
a) Cash inflow:

. Electrrc energy- sales revehue )

e Steam sale revenue (if applrcable) ‘

¢ Benefit from CCC account share (If appll—
cable) and, ‘

. Estrmated diesel costs savrngs
b) Cash outflow:

* Investment in fixed- assets: machrnery and -
equrpment burldrngs and |nstallatron and |

- pre operatrng expenses;
" ¢ ' ‘ . Workrng caprtal investment;
e Productron costs: fuIel labor, consumables -

insurance and general expenses :

. Deprecratron machlnery and equipment,

‘buildings and |nstallat|ons
J Amortrzatron of deferred assets and
. Taxes _ ‘ . oo 3
i Horrzon of analysrs 15 years

'The risk_ sensrbrlrty analysis included raw matetial price

varlatIOns the main operating cost component; and -
energy sales prrce ‘the main operatrng revenue com-
ponent S ‘ '

Cash Flow preparatlon cash inflow and out-

s
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Biomass avallablllty was determined for each of the case studies mvolved in the prOJect in ques-
tion, as shown below:

3.4l OVERALL ASPECTS

As shown in the methodology, the biomass with a potenﬂal to meet the needs of the projectin
questlon is made up from:

* Biomass from the forest harvest residue (crown and stem)‘l

* Biomass from non-marketable species (logs and Crown) and,

» Biomass from industrial residues.

"CROWN VOLUME 4 : H 2
~ The relationship between the crown volume and the stem volume was subject of study by several
authors including JANKAUSKIS (1983) and HIGUCHI (1998), such that HIGUCHI (op. cit.) found
a relationship where the stem represents 65.8% of the total aerial part of the tree and the crown
34.2% (Table 01 and Figure 03). - @ : : ; | =

Vs
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Table 01 — Compositibn'of Tree Volume

. COMPONENT ' » % ;

STEM , T

CROWN (Residues) alon ferony 342
OIE R ' 1000

Source: HIGUCHI et al., 1998 - Biomassa da Parte Aérea da Vegetagdo da Floresta Tropical Umida de Terra
Firme da Amazonia Brasileira (Biomass from the Aenal Part of the Trop1ca1 Rain Forest Vegetation in the
Brazilian Amazon) v R J -

Figure 03 — Relationship between Cfowr{ Volume and Stem Volume

Crown Volume 34.2%

Stem Volume 65.8%




LOG (STEM) RESIDUES

The relationship between the log volume used by industry and the total stem volume in the Amazon
was subject of studies studied by several authors, such as JANKAUSKIS (1983) that obtained a
relationship of 70.9% logs and 29.1% residue, while IMAZON (1997) found 78.7% logs and 21.3%
residue and MANOA (2002) found 69.4% logs and 30.6% stem (Table 02 and Figure 04).

©  Table 02 — Log Residue (%) }
COMPONENT - JANKAUSKIS (1983) *  IMAZON (1997) ~  MANOA (2002)  AVERAGE

LOG : 70.9 4 78.7 69.4 73.0 3
RESIDUE : 1291 0983 307 27.0
- Hauling 22.0 5.6 13.2 13.6
- Abandoned Logs 7.1 11557 V 5 17.4 13.4
TOTAL ‘ 100.0 100.0 100.0 100.0

Source: JANKAUSKIS, J. 1983. Avaliagfio de Residuos Florestais da Exploragio Mecanizada da Floresta de Terra Firme. (Forest _
Residues Evaluation for Mechanized Forest Harvest)

IMAZON; Vidal, E. et al., 1997. Reducdo de Desperdlclos na Produc@o de Madeira na Amazodnia. (Reduction of Losses from
Timber Production in the Amazon)

MANOA, 2002. Anélise da Viabilidade do Manejo Florestal em Fazenda Localizada no Municipio de Cujubim / RO. (Feasibility
Analysis for Forest Management on a Farm Located in the Municipality of Cujubim / RO)

Figure 04 — Composition
of Stem

Volume Residue 27.0%

Log 73:0%

VOLUME RESIDUE PER TREE ,
The volume residue per tree was obtained by using indices obtained from the relationship between stem and
crown and between the Iog vorume and stem volume (Table 03).

Table 03 — Commercial and Residue Volume per Tree

COMPONENT : - %

LO'G (COMMERCIAL VOLUME) : ' 48.1
RESIDUE : ) 51.9
Stem Residue ‘ ; | 1577
Crown Residue  ° 34.2

@ < 35cm : _ 20.5

@ =35 cm 13.7
TOTAL : 100.0

Fonte: HIGUCHI et al., 1998, Biomassa da Parte Aérea da Vegetacao da Floresta Tropical
Umida da Terra Firma da-Amazonia Brasileira



32-RI0 BRANCO.

BIOMASS FROM FOREST

HARVEST RESIDUES ,

The total volume authorized by IBAMA for har-
vest in the sustained forest management areas
in the Rio Branco Region in the last three years
(2001-2003) was 80 thousand m?3/year

(Figure 05).

/

Figure 05 — Volume Authorized for
- Harvest for the Management Plans in
‘the Rio Branco Region '
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. The‘ ayerage annual forest harvest residue volume generated from the manage—‘ - . oy ‘
ment plans authorlzed by IBAMA in the Rio Branoo Regron is 86.3 thousand m3, ‘ \ :

i of which 29.4 thousand correspond to. stem vqume and 56.9 thousand tocrown e

_ volume (Table 04)

Table 04 Estlmate of Potent1a1 B10mass from Forest Harvest Re81due .

oo Generated in the Reglon of Rio Branco k .
b V"TY’PE“' LT 3 AVERAGEVOLUME (m3/year) .
R A A INDUSTRIALUSE . RESDUE . TOTAL
. STEM S 9970 29,428 © 109,398,
log L 79970 T e T 79970
TResidue 7o e Doan 29428 o 29428
Crown " - RS 56,859 56859 @
@ < 35 cm - 34082 34,082 - |
%) 2:’735cm J - X 2\2'7?Z | - 22,777 o
TOTAL 79,970 86,287 166,257
' : L o< 3 ‘

 BIOMASS FROM NON-MARKETABLE SPECIES
According to forest inventory and Antimary State For-

_est Management Plan information, /the non: market- .
50 cm is 35.84:

‘able _species vqume Wrth a DBH =
» _/m3/ha For the study, it was established.in a random
manner, that the maxrmum of 50% of this votume

“tion,. whose potentral average vqume is. 17.92 m3/ha B
of stem The averade authorized area tor forest har- -
vest was 4,125 hectares, WhtCh has the potentlal of

- supplying 73,920 m3 of Iogs per year of non- market- o
able species and a total bromass of 153,679 m3/year“ .

could be harvested for bromass for energy genera—‘ (Table 05). - BIREEES S R SR
N . \\ _ ’ l R :\‘ . : s
....................................................... )
Table 05— Estlmate of Biomass. Product1on Potent1al for Non- Marketable Spemes n i
. ' ~from Forest Management Plans in the Rio Branco Region . T ]
TYPE T VOLUME(m3/yeor) -

STEM "65-3;,‘ '

101,121,

g -~ o el T, 73900
o Resdve . o771 Co7200 0
} CréV‘Vﬂ/‘ —— | — | T 342 | 52,558' - & N -
. @<3en - . 205 31 soirf_ S
@=35em 37 0, 21084 » .
_ ToAL 1000~ 153679

- BIOMASS FROM INDUSTRIAL RESIDUES ‘

_The forest—based industry log consumptron inthe Rio Branoo Regron aooordlng to Acre forest seotor assessment
s 221 thousand md/year, which has a capacity to generate a residue volume:of 103 thousand m3/year in function

_ of the average yield for eaoh type of |ndustry (Table 06).

/

S

s



Table 06 — Estimated Industrial Residue Biomass Generated in the Rio Branco Region

. INDUSTRy  TIMBER CONSUMPTION AVERAGE RESIDUE VOLUME ()
5 (m3/year) YIELD (%), (m3/year) 3
: Sawmill 144,613 50 72,307
Veneer : 56,560 55 25,452
P 1) Ay 4 v 60 4,590
Carpentry 8,686 85 1,303
TOTAL > 221,333 -- 103,652

(1) Solid m*> (equivalent in m* of logs)
Source: SEFE/AC (2002)

TOTAL AVAILABLE BIOMASS
The biomass available in the Rio Branco Region is 336.8 thousand m3, of which 28.8% corre-
sponds to biomass from industrial residue, 25.6% to biomass from forest harvests and 45.6%

to biomass from non-marketable species (Table 07).

 Table 07 — Total Biomass Available for Energy - Rio Branco Region (m? /year)

e EXISTING ~ COMMITTED AVAILABLE %

: (m3 / year) (m3 / year) (m3 / year) ‘ :
Forest Harvest Residue ; 86,287 o 86,287 25.62
Stem 29,428 < J Coos
o 7 56,859 1= 56,859 16.88
Non-Marketable Species 153,679 L 153,679 45.63 :
Stem ' o1 2 ! 101,121 3002
Crown i 52,558 = 52,558 15.61
Industrial Residue 103,652 6,844 96,808 28.75 |

TOTAL 343,618 6,844 : 336,774 100,00




\The largest part of the biomass in'the Region (72.1%) is located within a distance by highway of 100 kilometers
from the city of Rio Branco (Table 08 and Figure 06).

.......................................................................................................................................................................

Table 08 — Biomass Distribution by Distance in the Rio Branco Region (m?/year)

S HARVEST RESIDUE NON-MARKETABLE SPECIES Dol Toml %
b STEM  CROWN TOTAL  STEM CROWN TOTAL

<50 > e = S 63,971 63,971 19.0

50 - 100 20,549 39,704 60,253 72,058 37,460 109,518 8940 178,711 531

100 - 150 - = e 13,704 13,704 4.1

- 150-200 3242 (6264 9506 10,898 = 5656 16554 « n 26,080 477

S 200 5637 10,891 16528 18,165 9,442 27,607 .~ 10,193 54,328 161

TOTAL 29,428 56,859 86,287 TON1245852,558 153,679 96,808 336,774 100.0 - :

<50km 19.0% Rl KA >200 km 16.1%

150-200 km 7.7%

L 100-150 km 4.1%

-

7 50-100 km 53.1%

3.3 — [TACOATIARA

[tacoatiara is the major forest product producing The timber volume authorized by IBAMA for
center in the State of Amazonas, with, large  harvest in the Itacoatiara region between
sized companies, which have their own forest = 1999 and 2003 was 1.1 thousand m3, with an
management areas for raw material supplies, average of 214.940 m3/year (Figure 07), which
notably Precious Woods (ex Mil Madeira) and  will be used as sustainable timber production
Gethal. SRR capacity of the managed forests in the Region.



Figure 07 — Volume Authbrizéd By Ibama for Harvest in the Sustainable Management Plans
7 in the Itacoatiara Region
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BIOMASS FROM FOREST HARVEST RESIDUES

The potential for forest harvest residué generated in the ltacoatiara Region is 232 thousand m? per
year of which 153 thousand m?2 are from crown residue and 79 thousand m? from stem residue
(Figure 08 and Table 09).

r

Figure 08 — Distribution of Forest Harvest Residues by Type—Itacoatiara Region

Crown Diameter > 35 cm — 26.4%
Stem —34.1%

Crown Diameter < 35 cm - 39,5%
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Table 09~ Estlmate of llomass Potent1a1 from Forest Harvest Res1due e / S |
i Generated in the Itacoat1ara Reg1on \ R T o i
: ”ﬁPE B R  AVERAGE YOLUME (m? yeor) SRR
S INDUSTRIAL USE . RESDUE - TOTAL
S 7 214940 79,094 . 294, R
log - 214940 e 214,940 ‘
Residue - e T 79,094, 79,094 :
CROWN - T e 528260 S 152,826 i
@35m0 91,606 91,606 :
@=35 em o N A e 61,220 61,220 .
S TOTAL 2149400 2 231,920 0 446,860 B :
o Coy ' . L .' . "\ - RN ! . : . \\f 3 B
) . ;
; ........................ \ ....................................................................... e eeeraaneacais

,BIOI\/IASS FROI\/I NON MARKETABLE SPECIES S

For the Forest management Plans i in the Itacoatlara the volume of non- marketable species with 2 DBH. > 50 cm is
©28. 10 m3/ha, which will be used as a basis for estimatlng this type of biomass. In the same manner as for the Rio
‘Branco case, it is esﬂmated that it is possible torharvest 50% of the volume, that |s generatlng an average stem
‘ »'volume of 14, 05 m3/ha The potentlal b|omass for energy generatlon from non- marketable speC|es under these
“conditions, in the authorized management plans, is 264.5 thousand m3 (7,917 ha/year) of which 174 thousand m3
.correspond to the stem volume and 90.5 thousand m3 to the crown volume (Table 10). NN R

Table 10— Estlmate of Blomass Volume for Non Marketable Spec1es Itacoatlara

- Region S _ L , : )

- .,TYP,E e ‘fVOLUME‘(r"n'é/'y‘eqh.f %
g T qugsss o Taen T S
R‘esidue’_ S o o ﬁ 40, 933 177 S
CROWN . 79089 . 342 0 i
: ®< a5 - / = ,'47 407 s 2‘05 | ) '

@=3wm 31 6823* e 87
\ _ TOAL . 281255 - .. 10000
. ; ’ \/ N




N

* Precious Woods Amazon, andthe Clty of Itacoatiara dis- .
tribution network. Gethal has also manifested its intention’

BIOI\/IASS FROI\/I INDUSTRIAL RESIDUE g o L o - 7

" According to GON(;ALVES (2001)"
~ Wood lndustry and Timber Processing Industry Of these 10 (ten) are medium/large- -sized companres which were
responsrble for more than 85% of tlmber Iog consumptlon betweeh 1999 and 2000. :

" The major forest product companres in the Itacoatlara Regron (munrcrpalrtles of ltacoatlara Silves.and Itaplranga)

the State of Amazonas has 113 cOmpanles under the categorres of Sawn

used as-a reference for this study are:

~

. Precrous Woods Amazon / Mil Madeireira ltacoatiara Ltda (sawn Wood and processed tlmber)

e « Carolina. (veneer.and plywood) and,
e Gethal Amazonas (veneer and plywood).

AN

. The biomass-from industrial residue in ltacoatiara was estlmated based on studres carrled out by GONQALVES
: (2001) and from freld surveys, wrth a consumptlon of,220 thousand md. of Iog timber, generatrng aresidue volume :
- of 102 thousand m3 (Table 11). :

) ‘ .............. \ .
. Table 11 - Industnal Re81dues Generated in the Itacoatlara Reglon LT
5T : "TYPE oF INDL’JSTRY . TIMBER CONSUMPTION - 'RESIDUE QUANTITY
. R R S ‘
. L_‘;," . PR O - ' ‘ (m / year) i» i m3 / year (U L A/ ) % » )
SowmIII SRS R [T 70,0007 ‘ 35000 50
G Veneer/PIywood s \ k o R Iv50\,000>; . '/'67',’5:90 45 ’
TOTAL 220,000, 102,500 - o :
L Soufce: - ‘ o o s ) ! 3 :
oM GONCALVES (2001) Subs1d10s para o estudd da cadeia produtlva da madelra no Estado

do Amazonas elementos de reflexdo (Factors for the study of the t1mber product cham in the

State of Amazonas: elements for thought);
(1) Solid m? (equivalent in ' m® oflogs) .+ -

The industrial resrdue is used tofeed, the borlers for sawn
Wood dryrng, and part is sold to brick makers and for
the generat|on of energy in the Reglon The first energy
co generatlon unit usrng tlmber residue in the Amazon

began to operate in Itacoatlara ‘Amazonas, with anin- .

stalled capacity of 9 MWH of energy, destrned to supply

" of |nsta|I|ng a steamand electrrc energy co- generatron

plant with a capacity of 6 MWH, usrng its own and third

party productrve processresidues. Under this scenario,
there is no, avallabllrty of resrdue of mdustrral orrgrn in

'

15N

TOTAL AVAILABLE BIOI\/IASS
There is no avarlabllrty of industrial resrdues in the Ita-

coatiara Regron as the residues generated by Mil Ma-
deireira Itacoatiara /. Precious Woods is already com-

mitted to-an energy generatron unit |nstalled on its site.
On the other hand Gethal uses: part of its residues for
steam generation and intends to |mplement an. ener-

.gy generation unit with a capacity of 6.0, MWH, which -
should create a demand for tesidues in the order of 70 5

thousan’d tons per year.

Itaooatiara to meet the needs of the project in question. .

A}



3.4 — ALTO SOLIMOES

BIOMASS FROM FOREST HARVEST RESIDUE %

The total harvest volume authorized by IPAAM = State of Amazonas Environmental Protection for sustained man-
agement forests in the municipalities of Benjamin Constant and Atalaia do Norte was 15.7 thousand m? for 2003,
and the estimated volume to be licensed for 2004 is 19.3 thousand m3 (Figure 09).

Figure 09 — Harvest Authorization / Licensing for Management Plans in the
Alto Solimdes Region

20,000

18,000

16,000

14,000 | .

12,000 — =

10,000 —

8,000 —

6,000 PN

4,000 — " 3

2,000 &

Authorized Volume / Licensed (m?)

O T

2003

Year

The estimated annual forest harvest residue generated in the Alto Solimées Region is 20.8
thousand m3 (Table 12), in function of the volume licensed by IPAAM for harvest from managed
forests in 2004 (19.319 m3/ year).

Table 12 — Estimate of Biomass Potential from Fo‘resf Harvest Residue Generated in the
Alto Solimoes Region

AVERAGE VOLUME (m3/ year)

TYPE %

g INDUSTRIAL USE RESIDUE TOTAL
. STEM 65.8 119,319 7,109 26,428
sy 481 19,319 e
. Residue s % 7,109 7,109

. CROWN el _— 13,736 13,736
. @<3m S0l - B 285 iy e s

. @=35cm 13.7 i 5,503 5,503
TOTAL 100.0 19,319 20,845 40,164



BIOMASS FROM NON-MARKETABLE SPECIES
- The-potential’ biomass volumé from non-marketable
'spemes was estimated to be 50% of existing volume,

’ ’. - thati is 28.30 m3/ha of stem in the Alto Sollmoes Region,
- which- could generate on the 740 ha authorlzed for har—

...................................................................................

— . e .

vest in the counties of Benjamln Constant and Atalala
~do Norte 435 thousand m?, of which 28.6. thousand m?3
_correspond to stem volume and 14 9 thousand m? to,

crown vqume (Table 13)

....................................................................

Table 13 - Estlmate of Total B1omass Production from ; L

g ' Non Marketable Spe01es Alto Sohmoes Reglon

S TYPE VOLUME (m? [year) ~ ' .. % - -

GUSTEM . 28,648 - 658 .

Clog 20,942 481

U Residue 7,706 177 |

LoTcRoWN o490 P

L @< 8925 R I I
=85 B9 NB7 e
B - TOTAL 43, 538 e 1000 o

L BIOI\/IASS FROM INDUSTRIAL RESIDUE

The ‘biomass potent|al from- industrial residue to be
generated in the Alto_Solimdes Reg|on is 10.6 thou-’
sand m? [ year (Table 14), usmg asa basis the ttmber
consummiption for 2004 and the average Iocal |ndustry
yield. : o , t

........../...................... ..................................................

TOTAL AVAILABLE BIOI\/IASS _
- The-maximum biomass productlon capaolty in the Alto

Solimoes - Reg|on under the conditions simulated in this
case study is 75 thousand md per year, of which-14% cor- ,
responds —to}biomass from industrial residue, 28% from

forest harvest residue and 58% from non-marketable

species (Table 15)~.,

Table 14 Estlmated Industnal Re31due Blomass Generated in the Alto Sohmoes Reg1on
 TIMBER CONSUMPTION L QUANTITY OFRESIDUE '
. (m3/yeor)b . : % m3/ yeorI” '—
: | 19319 .55 = 10,625 |
(1) Sohd m*’ (equlvalentm logs) ‘ : . o / o
Table 15— Total“Blomass ava.llable for Energy —AltoASohmoes Reglon (m3/year)
S \TYPE R A o QUANTITY o )
. Forest Har‘vest ’Re'IsI’_idUe‘, L o ,‘ “,"2\0\,845 e 27.79 R
Stem o709 T s T 94 T
CCrown oy sme o 1881 o
I Blomoss from Non Mcrketoble Speaes o - . ‘43'538":f \ ‘ . » -58.04. - :
Stem : R _'! ‘ ] g / ‘28",648 ‘ . I 3819
Crown L - ' o ‘_’7I4,890¥, £ -VI : I985
: Industrlal Re5|due I,O,\62\5'\.v ’ 1417
L ToTAL . 75008 100.00 .




About 30% of the forest biomass existing in the Alto Solimbes Region is located within 100 kilometers of
Benjamin Constant, the major regional energy consuming center while 12% ranges between 100 and 200
kilometers and 21% ranges between 200 and 300 kilometers, the rest is from a distance of more than 400
kilometers (Table 16 and Figure 10).

Table 16 — Biomass Distribution by Dis}ance in the Alto Solimdes Region (m3 /year)-

; BIOMASS FROM NON- INDUST.

DISTANCE * e e MARKETABLE SPECIES et Ol o

 (km) :

‘ STEM CROWN . TOTAL  STEM  CROWN TOTAL
< 100 19280 2 474k " 37540 ¢ 550 55 0 g9 ) g 076250 10209208 2956
100 - 200 953 1,8400 = 2,793 -~ 3,839 1,995 = 5,834 2 86275
200 - 300 78S 346 e 5 199t o TSt 3 7130 107858 < 16,057 21.4
300 - 400 . % & 5 2 & i L
400 - 500 0595 2047 31060 ADs0E 9 2108 ietigg i 9594 12.8
> 500 =D 0440 SO0 oS lo0 a8 A Uig 9gie AT 81y D) 517 S SIS0 A

TOTAL 7,109 13,736 20,845 28,648 14,890 43,538 10,625 75,008 100

: * Waterway distance from management areas to Benjamin Constant

400-500 km 12.8%




3.5 — JARI/ORSA

BIOMASS FROM FOREST HARVEST RESIDUE i

The annual volume to be harvested in the Orsa Group management areas is
135,000 m3, which will generate by the end of the 30-year cycle a total volume in
the order of 3.9 million m3. The growth forecast for the Orsa Group forest man-
agement areas is shown in Figure 11.

Figure 11 — Growth of the Orsa Group Sustainable Management Plans
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The potential biomass from forest harvest residue generated by the Ors_a Group management plan is 145.7 thou-
sand m3, of which 96 thousand m?2 correspond to crown residue and 49.7 thousand m? to stem residue (Table 17).
Table 17 — Estimate of Biomass Potential from Forest Harvest Residue Generated
in the Jari Region

AVERAGE VOLUME (m3 / year)

TYPE S tonde ,

INDUSTRIAL USE RESIDUE TOTAL
STEM 65.8 135,000 49,678 184,678
g 48.1 135,000 8 135,000
Residue A 49,678 49,678
CROWN 342 3 95,987 95,987
O35m4 205 e 57,536 57,536
@ > 35em o . 38,451 38,451
TOTAL 100.0 135,000 145,665 280,665




' BIOMASS FROM NON MARKETABLE SPECIES

The potentral non- marketable species volume to be harvested was estlmated at 50% of - N : -
exrstrng volume, that is 13.69 m¥/ha of stem volume inthe Jari Region: The average area to '
v be managed inthe Region ofJarr 159,000 ha, whroh hasthe potentlal of supplying 123 thou-
sand mé® of log volume per year and a total bromass of 256 thousand m3 / year (Table 18)
........ ceesmenend . ..j ..... STTRPP T TR , ......... Ve \ ..... ....... ...... ............
: Table 18 Estlmate of Total Blomass Productlon frorn Non—Marketable Specws Jari Reglon :
| ; U TYPE % . VOLUME (m3//yeor) ¥
POSTEMS o~ L 658 - ,,~(___'1§85349 -~ ,
Clog s 1-',1'23;2‘}0‘,_ "
CResidve . o770 45339
CCROWN -~ 342 87,604
_@<3em 205 . 5T
@=35wm 87 o . 35093
o - TOTAL o P ,'1,00.’0 LT ‘ 256153 |
_BIOMASS FROMINDUSTRIALRESDUE -~ .~
‘The Orsa Group ihdustrial unit has an average yreld of 30% forthe transforma- oo
tion of timber in logs to industrialized products thus the expectat|on of residue
" generation from the mdustrlal unit is about 70% of the log volume Consumed
Between 2002 and 2004, the Orsa Group industrial unit generated about 29
thousand m? oﬁndustrrat residue per year. For the next few years, with an in-
~ Ccrease in the size- of the industrial unrt the company, pro;eots the generatlon of
- industrial residue in the order of 945 thousand m3 per year or the equrvalent t B
of 7.9 thousand m? per month. I _ - L c =
- TOTAL AVAILABLE BOMASS . SR
Usrng as a basis the amount of exrstrng bromass presented in-the previous g -~
items, Table 49 shows the biomass avaltabletor ene,rgy generation-in the Jarr/» o
RegiOn. S : ‘ N
“ Table 19 Blomass Ava11abIe for Energy Generatlon 1n the Jari Reglon (m3 /year) »
&_‘T‘y,‘;E T ‘”BIOMZASE/E}IIZL%MASS* o o _
'fFores’r Horves’r Re3|due AR . 145,665 \ .29.3"5 . /- B
Stem E R Uy “1001 '\
Crown o | o Gl 95,987 - :"]9'34', -
Non- Marketable Spemes oL S ‘ 256(,]:’53 o !,5].6] (
Stem 68549 3396
Crown o S ’ e “ . 87:2’94 S 17.65
 Industrial Resrdue B ) S “\ "94,500 S 19.04
- | 496,318 ©100.00



~ The largest part of the existing and available biomass in the Region (81.0%) is located at an average
distance of 70 kﬂometers from Monte Dourado (Table 20 and Figure 12).

....................................................................................................................................................................

Table 20 — Biomass Distribution by Distance in the Jari Region (m? /year)

HARVEST RESIDUE NON-MARKETABLE SPECIES
ANERASE . : INDUST. 1o1AL %
DISTANCE RESIDUE .
STEM CROWN TOTAL  STEM CROWN TOTAL : :
At Site 2! : = SR A 94,500 94,500 19.0
70 km 49,678 95,987 145,665 168,549 87,604 256,153 - YoTisle 810
TOTAL 49,678 95,987 145,665

168,549 87,604 256,153 ’94,500 496,318 100.0;




4.1 —TECHNOLOGY

-

4. 1 1 = OVERALL ASPECTS ~ {
- The technology for electric energy generatlon from blomass most avallable and used
in Brazul.ls direct and indirect combustion. ;

-

DIRECT COMBUSTION ;
The main thermal machines available in the market for the generation of electric energy
from the direct combustion of blomass are steam turbines and alternating motors.
: a) Condensation Turbine )
Figure 13 shows the basic d|reot combustion: system rowohart wnh a steam
cycle considering a condensation turbine. This type of turbine is used mainly
in thermoeleotrlc plants where the only product is the generation of electric
energy. By belng more flexible and producing more electric energy, conden-
sation turbmes are very much more in use.

Fighre 13~ Basic System Flowchart using -
- a Condensation Turbine

Superheated Steam

Condensation

Turbme i
: vBoiIer : \ : : Low I?ressure Steamflr =
v > ¥ " G
Condenser ) Cooling Water
Fuel o \ o cafy

Feed Pump. O «———| Water Cooler

- Local Distribution
e 4 (Concession

Steam .
Water Condensate
Electric Energy




b) Counter-Pressure Turbine
Figure 14 shows the 'basic steam generation system flowchart using a counter-pressure turbing. This
type of turbine is used in co-generation plants that permit the production of electric energy and thermal
energy (Steam). . :

Figure 14 — Basic System Flowchart using leal:Distribition
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c) Extraction Turbine
Figure 15 shows the basic steam generation system flowchart using an extraction turbine. The extrac-
tion turbine is used in installations that require the generation of energy as well as steam for the indus-
trial process. :

Figure 15 — Basic System Flowchart using an |
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d) Alternating Motor -

Figure 16 shows the basic system flowchart using an alternating motor. The alternating motor mecha-
nism is similar to an internal combustion engine. Through a generator, the mechanical energy is con-
verted to electric energy. This system is used in small capacity plants. :

Figure 16 — Basic System Flowchart using
an Alternating Motor
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INDIRECT COMBUSTION - GASIFICATION

This cycle combines the simultaneous opération of
steam turbines with gas turbines, where the gas is
obtained through the gasification of the fuel. The
production process of a combustible gas from
biomass is done in three basic steps: drying, py-
- rolysis or carbonization and gasification, itself. The
thermal energy contained in the hot exhaust gases

by the gas turbine is used in a boiler to produce
steam. This steam is used in a condensation tur-
bine to generate additional energy. This technology
has been tried for years, but the results have not
been promising owing to various limitations. Figure
4.05 shows the basic system flowchart for bjomass
gasification and use of gas in a combined cycle.
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Figure 17 — Basic System Flowchart for Gasi- Local Distribution
fication and Combined Cycle S Concession
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47,2~ COMPARISON BETWEEN THE ALTERNATIVES
Table 21 shows the comparison between the existing technology alternatives, such that the criteria used for selec—
tion of the technology to be used in the energy generation plants, in function of the positive and negative points,

- ‘highlights direct combustion and steam cycles. < : : 2

Table 21 — Advantages and Disadvantages of the Technologies Using Biomass
TECHNOLOGY ADVANTAGES DISADVANTAGES

Market availability
Various technology options
Well used in Brazil

Direct combustion
with steam cycles

e Not available (in study)

e Combustion product problems
High efficiency - low product reliance

* High gas cleaning system costs

Gasification with
combined cycles
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The oomp,erison betweenf\ alternatives that use direct N
combustion is shown as follows in Table 22, which will be

\used to deflne which one of them will be used for each
case under drsoussron

For each ‘region belng studred the type of business -
was selected takrng, into account the main product. -

electric energy and thermal énergy (steam for industrial

processing), indicating the selection of a steam cycle

thermal machine with an extrao’tidn‘turbine Two alterna-

the level of fueI consumption (bromass) The main tech-

nological characterrstros of the central unrts are shown

) In the Jari RegiOn the ‘nain products were defined as . in Table 23 - i .
i Table 22 Advantages and Dlsadvantagcs of Thermal Machme OpthIlS PR
DIRECT COMBUSTION AND s <
. STEAM CYCLES ADVANTAGES i DISADVANTAGES

* Uses all steom genero’red

* . Widely used

Condensation Turbine

- o Lower investment in relation to -
- coum‘er—pressure ‘rurbrne

L - Does not supply steam to. industrial
' processes — not able to-be used for.
., co- generohon ‘ '

P

Supplies: s‘reom for mdus’rrrol proc-

°. Specrfrc s‘reom consump’rron is - .
lorgerrhon condensahon ’rurbrne T

for steam .~

Counter-pressure Turbine., - 5 df :
e L S o esses— .an be use or co-gen- - s Larger Ie\)el of investme"n‘r in
el ero’rlon/ ' ’ '/ : relation to condensation turbine
N _ -+ Largest operating flexibility;

o . ~ & Can make stedm available for di-- , ‘ B
: S = verse industrial pressure.processes o ' | grger fevel of invesiment In-
" Extraction Turbine” ™", ‘_can : ‘co- ion: Rl T o .
Do o . - an be used for co‘genero.’rlon, 'relo’r‘lon o counter-pressure ’rurbrne

: ;. . - Cdnoperatein.a condensation: . . el /' R

Lo © . regime when there is ho demand N ' ‘

*  Steam contamination by il not
allowing reuse of steam |mpossrb|e
~ Available for energy genero’rron on’
a small scale only - - PR
. High specific steam consump’rron :

tive technologres were defined; with each one srzed to

....................................\...............................\............................................ .......................................................

‘Table 23 — Plant Technical Characterlsncs :

CHARACTERISTIC _ ~ /. "RIO BRANCO

* ALTO SOLIMOES

B JARI/ORSA

Morn Produc’r * “Electric Energy

Elecfrrc Energy (rndepend
ent producer)

‘Electric energy and ’rhermol
o “energy (self producer under- -

*_(independent producer) -
: Cor o h ‘ / { da'co- generohon regime)
l;uel used “Industrial dnd foresr Industrial and forest - IndusTrlal and fores’r bromdss ’
o ‘—bromdss E ibiomass ' : o
Thermal Machine. S’reom cycle with - , - Steam cycle with conden-\~ ‘Steam cycle with extraction .
oy L - condensation turbine sohon ‘rurbrne ' Cturbine o s
S . o T

Medium pressure for-

Medium*pressure for -

“Médium' pressure for" super—

Boile’r‘. I o . , :
o - superheated steam “superheated steam. - heated steam
L 20MWH 50 MW 35 MWH ,
2 G : Cao - L ~ P
enerafing chle' ~10.0 MWH C10.0MWH © T 56 MWH '

e



4.2 PROCUREMENT LOGISTICS. ~~ ~

The procurement Iogistios'involves biomass prepa- -

ration and transportatlon with dellvery to the energy

. generation plant The activities inyolved in thls en-
ergy generation process step vary in funot|on of the,‘ «
type of biomass used that is, forest and |ndustr|al -

: bromass

4 2.1~ BIOI\/IA$S FROM FOREST

The procurement logistics for forest biomass is
” . shown separately for each type of biomass: stem

residue, crown residue and non-marketable species.

BIOMASS FROM LOGS RESIDUES IN A YARD
The 'sfem residue - ‘generated = from 'cutting‘ and
srzmg marketabte species Iogs will be in the Iog-

Ioadlng yard and for takrng them to the energy. '
generatlon plant yard they have to-go through resrdue g

_preparatron p|t|ng Ioadrng transport and unloadrng
(Frgure/t 8).
' . Resrdue Preparation (sptrt and/or slash)

- The splitting / slashlng operatlon consists in
segmentrng the tree stem into Iogs with a
Iength of 1.10 or'2. 20 meters. For this case

study, the srzrng used was 220 meters, - "
which corresponds to the W|dth of the'trée
stem Cargo used for transport ‘The tree log -
pleoes that have a dlameter greater than 35 -

cm have to be split to make smaller dlam—
o eter pleces ' o
0 e Piling oo .

 The pteoes prepared with appropnate srz-‘

) / es (@ < 35 cm and 2 20 m rn Iength) are
R grouped in prles manuatty \
“e | pading '
) Th|s operatlon consrsts in- Ioadlng the b|o—

mass plted in the log- Ioadlng yard on to -

transport trucks.

5 7 IntheAlto Solimées Regron river transporta— “
tionis used SO that the biomass log barges ‘

. are’ Ioaded manuatly

* Transport
The slash resrdue transportatlon is done in
trucks, with the pieces laid transversally to-

~ 7/

the Iength of the.-trunk oargo space

e In the AIto Solimoes Region transportatlon - |

t |s carned out by river log barges In thls‘ b"

‘ case, there wil always be a transfer opera-i o
tion to allow the crown or the stem biomass

to be plaoed on Iarger srzed river banks

BIOMASS FROM LOG RESIDUE lN THE FOREST \

For the preparatron Iogrstlos for this matenal there

|s an additional operation,.that of takrng the material
out of the forest to the side of the road, which can -

/

" be done by two dlstlnot methods draggrng or_trans=— .

fer (Figure 18 shown above):

. Skrddlng —the logs or stem are transport-' ‘
ed by, skrdders or by drag traotors to the ',
Iog Ioadlng yard where they are prepared.

for transport
. Haullrng

—the biomass‘is prepared in the
forest and the matertal transportedto the

~plants is pieces 2.20 meters long and with

.a 35 cm maximum diameter. The trans-

fer can. be manual seml mechanrzed or

S meohanlzed
e Prllng and Loading
’ing-operation should be mechanized us-

|ng a farm traotor equrpped with a forest .

1

Ioader

- thepiling‘and load-

R Transportatlon s carned outin the same'

Way as for cut resrdue '

BIOI\/IASS FROI\/I CROWN RESIDUE \
. The crown blomass Was classrfled into two IeveIs

|n funotron of prece srze diameter up to 35 cm and .

d|ameter above 35 cm

-+ Diameter greater than 35 cm - simitar g

~treatment to logs and/or stem that re- ‘ '

mained in the forest (flgure 18). .
¢ Diameter Iess than 35.cm = the pietes
are prepared\through the,totlowrng op-
erations: slashing, transfer, piling, loading

- ~and tra'nsport in a similar-way as used for -
stem blomass exoludlng the operatlon for

splrttrng the pleoes I o




Figure 18 — Procurement Logistics for Stem Residues — Felling Losses

STEM STEM
The operations carried out for making the
y biomass from non-marketable species stems
.............. | Felling | are felling, preparation, hauling or transfer,

piling, loading and transport (Figure 19). °

S »{ Biomass Preparation | BIOMASS FROM NON-H MARKETABLE
............................ SPECIES
mj'n?—l 5 ~ The non-marketable species procurement [o-
: A *  (gistics are carried out using similar operations
ST ’I g I 2k as those used for marketable species, separat-
4 ing the crown and the stem.
I Loading |
’ CROWN
| Transportation | The operations are the same as used for market-

able species, described above.
y

BIOMASS AT
GENERATOR YARD

Figure 19 — Procurement Logistics
for Industrial Residue

4.2.2 - BIOMASS FROM INDUSTRIAL ORIGINS

The procurement logistics for industrial residue in- INDUSTRIAL RESIDUE
volve loading and transportation operations. These
operations are mechanized with the use of a tractor i

equipped with a front loader and trucks. (edhig
: Tansportation

v

ENERGY
GENERATOR YARD

4.2.3 — BIOMASS PREPARATION AND TRANSPORTATION COSTS

The average preparation and transportation costs for supplying raw material (biomass) to the energy generation
plants, vary between R$ 10.00 and R$ 182.06 per metric ton in function of the raw material preparatlon cost and
the transportation cost (Table 24).

The industrial residue has a lower raw material preparat|on cost, while non-market species logs and crown have a
higher. cost. On the other hand, the transpartation costs vary in function of the distance between the procurement
source and generating plant. Normally, biomass from industrial origin is located closer to the energy generation
plant while biomass from forest origins is located at more distant points, increasing the transportation cost. :
The procurement cost by raw material type in the case of the Jari/Orsa energy generating plant does not vary in
function of distance but only in function of the type of raw matenai as itis located at a fixed d|stance whether they
be mdustrial biomass or forest b|omass
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“Table 24 - Biomass éé}i&;ﬁﬁgéi;ﬁ{ii}ééi{féﬁiéﬁt' 'éé's‘{i;{té;%aii'sm(iisk) """""""""" R
i TYPE OF BIOMASS  RIO BRANCO - " ALTO SOLIMOES .~ JARI/ORSA
: MINGOMAXOMING MAX. © N
Forest Harvest Re‘,sidue» T , IR - o
© logs - : l*--‘;”-5'1-*7-;1»74-45 3847 117.04° 5926 e
Crown . B Couss1 7875 4271 11229 - 60.04
s Blomoss from Non=Marke1‘obIe §pecnes S | - v ‘ - ;\ ; : T
: Stem - \’495.1/2\,, 1182 06 46.03 - 124,60 .\,*73;057“ '
L Cown o 4581 17875 4271 12129 6004
Indus’rrlal Resndue _ 1833 B 126.6_6_‘ N 1441 o . 10000
- Source: Study data, prepared by author. v = ISR G
* Averige, .
4 3 DESIGN CONCEPTION \

TECHNOLOGY USED .

. -Table 25 shows the SIZII’lg and technology def|n|t|en for eaoh one of the alternatwes used in the case
studles in questlon as well as the assumptions used for thls deflnmon

Table 25 Assumptlons and Technology Used and Blomass -

Consumptlon for Generating Plants

T REGION

- RIO BRA_NCO S ALTO! SOLlMOES — :;,JARI/ORS(A_’. Vo e
- ASSUMPTIONS - R - R '
'CATEGORY e Indepehdem" Independent Producer Selrf'-produc\er‘ |
Producer _ S

' RAWMATER\IAL'/,‘
}TYPE o

Market purchoses
“:'En/e‘rgy——Generq’ri_on

REVENUE

: Energyyso‘le‘ N

’ ‘Market purchases -

Edergy Geéneration

Energy Sale ’:

“Own pfocu‘remen‘f,
Co generohon (energyj
~and steam)

: Own consumption .’
and sale of excess

CHARACTERIZATION R

5, T vMuI’rls’rog’e cond)enf

: o , " sation turbine, one
Vi : -~ -+ ofthe more recom-
- ¥ TECHNOLOGY - mended as ithas -

co -~ ' alargerthermal
o « efficiency in relohon

s ‘o the o’rhers .
CE ; AR L 2.0 MWH
POWERMWH : - 10.0 MWH

' BIOMASS CONSUMPTION
© lyean) S

| f?]LQ'CAT'ON'

Rio Branco

36,300 ’r/yeor e
132 200 ‘r/yeor o

Mul‘rls‘roge condenso- C
tion ‘rurblne, one of

.. the more recommend-v

o ed as it has a larger

thermal efﬁcnency in

: reylohon to the others

¢

S 20MWH -
e 10.0MWH

Benjamim Constant ) N

36,300 t/year
- 132,200.t/year

\ Confrolled ex‘rroc c

tion turbine, the mes‘r '
‘fecommended for co-

-generation plants

_ 35MWH .
7. 5.6 MWH

T 79 500 ’r/yeor ;
: 121 OOO t/year:

Mdnfev‘Doo,rqdo AN




+ Table 26 shows the sizing of the enérgy generating plants used in the case studies, object of this
work, as indicated previously.

Table 26 — Energy Generation Plant Sizing :
: - TEM ' UNT  20MWH 3.5MWH 56MWH 100 MWH

Annual Biomass Consumption t/year 36,300 79,500 121,000 132,200
Operational Availability h/year - 8,640 8,640 1640 T EREE 640
Chips per hour availability t/h fiD 9.2 14.0 153
Average chip humidity (basis dry ) : o) 43.00 43.00 - @ 43.00 43.00
Average chip humidity (basis hurﬁid) % : 30.00 30.00 30.00 30.00
Upper Calorific Power (UCP)) kel o dn20 45300 6 21300 4,320
Lower Calorific Power (LCP) ; ‘ kcal/kg : 4,000 4,000 4,000 4,000
Net Calorific Power (NPC) S kcal/kg 2,600 2,600 2,600 2,600
Superheated S’réom Pressure bar 28 42 gD 42
Superheated Steam Temperature P 300 420 ‘ 420 420
Boiler Efﬁciené:y : ores o 80,00 85,00 85,00 85,00
Generated Steam ~ kg/h * 13,000 S A 47,200
Turbine Steam Imput : kg/h S 30,000 45,000 =
Nominal Boiler Capacity kg/h 15,000 35,000 50,000 50,000
Turbine Output Steam Pressure bar 0.12 1.05 1.03 - 0.16
Steam at Extraction : ka/h - F 100000 ¢ 10080 o5
Steam Pressu}e at Turbine Extraction bar e 10 10 -
Turbine Rotation RPM .~ 6,500 8,000 8,000 8,000 '
Driven Machine Rotation  RPM =L F800 1,800 1,800 1,800
Specific Turbine Steam Consumption / kg/kWh - 6.5 (o 8.0 4.7
Electric Energy Generation Capacity KW, 2,000 3,500 5,600 10,000
Average Plant Consumption : kW, 180 300 500 - 900
Total Energy Generated MWH/year 17,280 30,240 48,384 86,400
Energy Consumed ' 2g MWH/year E5E5ESIERESHE0P) 45300208 7,776 -

Net Energy Available < MWH/year 1°57725 27,648 44,064 . 78,624




EQUIPMENT AND BUILDINGS

Table 27 lists the main machinery and equipment needed for the implementation of
the generating plants. : : £

Table 27 — Main Machinery and Equipment for the Energy Generating Plants

MACHINERY AND EQUIPMENT BUILDINGS AND INSTALLATIONS

Roadway scale - ) ; Area cleaning and land preparation
Fixed crame Land grading

. Belt transporters : Building foundations
Chipper » Building infrastructure

5 © Screener Superstructure '
Storage Silos : ! Building base and metal structure for equipment
Boiler and accessories Electric, hydraulic and pneumatic installations
Turbine and reducer 5 Roodway layout
~ Generator
LABOR

The labor necessary for the operation of the generating plants, according to the
alternatives being considered, is shown in Table 28.

Table 28 — Quantity of Allocated Labor

RYRE 2.0 MWH 3.5 MWH 5.6 MWH 10.0 MWH
Manager : i 1 1 1
i Administrative Assistant ] 1 1 1 ey
Administrative Assistant | 4 4 4 4
Operator Il 5 5 = 5
Operator |l 5 5 5 5
; Operator | ‘ 5 10 10 10
e S OTAL 0 26 26 26




=1he economic and-financial feasibility of the alternatives for the proposed plants was '
carried out using the Internal Rate of Return — IRR, the Net Present Value - NPV and the
Payback Period »(tne time to recover the investment). Lastly, a risk analysis was made in
function of variations of biomass costs and revenues.

5.1 — INVESTMENTS

5.1.1 — FIXED ASSETS
The fixed asset investments used in this analysis (Table 29) were the following:
: e Rio Branco: the 2.0 and 10.0 MWH alternatrves have investments of
R$ 7.5 and 28.6 million, respectively; oy
« Alto Solimdes: the 2.0 MWH alternative has an mvestment of R$ 7.5
millions; and, 3
« Jari/Orsa: the 3.5 and 5.6 MWH alternatives have investments of R$
13.3 and 23.2 million, respectrve_ly.

Table 29 — Summary of Fixed Asset Investments- (R$) s :
' TEM  20MWH  3.5MWH 56MWH  10.0MWH
Mochoer e equ‘ipm‘e’nt"-; S 821020 7,457,625 14,422,149 14,436,849 :
Buildings and rnsralquiéhs [2,780,148 3,139,500 3,780,000 - 7,416,150
Pre-operating S Note . o 0 s 3,929,326 5,400,869
_Cdntingengies (5%) 359110 s ‘1;,106_,5‘74 - 1,362,693 :
TOTAL 7 7501206 b e 1327285 23,238,049 28,616,561

SR WORKING CAPITAL
The working capital investment was determlned based on the turnover of Current assets
and liabilities, that vary in function of the selected production Iayout and generation capacity
analyzed, (Tablé 30), taking into consideration the foItowrng values: :
7 * Rio Branco: the 2.0 and 10.0 MWH alternatives with values of R$ 108 0 and 46.5
thousand, respeotlvely,
» Alto Solimées: the 2.0 MWH alternative with the value of R$ 160.5 thousand and, :
e Jari/Orsa: the 3.5 and 5.6 MWH alternatives with values of R$ 184.0 and 369.5
~ thousand, respectrvely ) :



: Table 30 — Working Capital Investment

ITEM : RIO BRANCO et L ARoRA
: 20MWH  10.0MWH _ 2.0 MWH 3.5 MWH 5.6 MWH
. CURRENT ASSETS 203,170 1,089,545 355,353 348,891 784,626
 Accounts Receivable 127,929 628,988 | 2920657 - 1199515 436,840
: Inventory 61,775 394,409 109,258 128,374 - 301,803
A ' 27,724 239,828 75,207 46,530 147,369
- Coravehles 1,948 10,213 Bodedn . e 765 10,213
Spare Parts 32,103 144,368 23240103 74,576 144,221 :
| Cash s e 66,203 23,438 21,002 45,983
. CURRENT LIABILITIES 95,150 626,046 194,863 164,933 415,098
: Accounts Payable o 660G 194,863 164,933 415,098
WORKING CAPITAL 108,020 463,499 160,490 183,958 369,528

5.2 — PRODUCTION COSTS

The annual production costs for each of the alternatives analyzed in the ;
regions included in the study is shown as follows, in Table 31. . oo Y

Table 31 — Total Production Cost (R$/year)

\ . RIO.BRANCO ALTO SOLIMOES JARI/ORSA

TYPE 2.0 MWH  10.0 MWH . 2.0 MWH - 3.5 MWH 5.6 MWH

Fuel 665,379 6,002,433 1,804,958 1,126,766 3,593,843

Labor _ ; 457,020 657,660 457 020857 657,660 657,660

Consumables ’ 46,740 245,100 46 740 : 174,420 245,100

Maintenance ‘ ' 184,014 725,797 - 184,014 361,095 652,486

:Insurance 46,004 181,449 46,004 90,274 163,121
General Expenses < 69,958 390,621 2 126,937 120,511 265,611 :
TOTAL - 1,469,115 8,203,061 2,665,673 2,530,726 5,577;821 o




524 RUEL:

Fuel is the major raw material used in the energy generating process. In the case
of biomass, the production cost, or the price of raw material, for the energy gen-
erating plant has the following composition: biomass price, biomass preparation
- cost (varies by type) and transportation costs (varies in function of distance). 7

« RIO BRANCO REGION

The average raw material procurement price in the Rio Branco Region for the
2.0 MWH alternative is R$ 18.33 per metric ton while the price for the 10.0 MWH
altematlve is R$ 45.40 per metric ton (Table 32) In this case priority is given to :
the lower cost procurement options.

Table 32 — Total Fuel Cost In the Rio Branco Region :
: ~ TYPE/ DISTANCE COST CONSUMPTION (t/year) . COST (R$/year)

o e B Ry 20MWH 100MWH 2.0 MWH 10.0 MWH
. INDUSTRIAL BIOMASS 0
: 0 - 50 km . 1833 36,300 49,258 665,379 902,899 -
50— 100 km S e P 6,884 % 240,940
: 100 — 150 km 51.66 10,552 S S
" STEM BIOMASS : , ’
50— 100 km 61.96 Bt 15,823 = 980,393
. CROWN BIOMASS | | e
50— 100 km 66.26 N e s T
. NON-MARKETABLE SPECIES _
: Log/Crown 50 = 100 km ~ 68.41 & 19,111 1,307,383

TOTAL ‘ 36,300 132,200 665,379 6,002,433




o ALTO SOLIMOES REGION

The average price for raw material procurement in the Alto Solimoes Region for the 2.0
MWH alternative is R$ 49.72 per metric ton, (Table 33), with priority given to the lower
cost procurement options.

..................................... B

Table 33 .4 Total Fuel costs in the Alto Solimdes
: ~ Region - 2.0 MWH Alternative

e UNIT COST  CONSUMPTION TOTAL COST
(R$/1) (t/year) (R$/year)
INDUSTRIAL BIOMASS :
~ Upto 100 km 14.41 8,181 117,888
STEM BIOMASS X :
Up to 100 km 3847 986 37,931
100 - 200 km 52.75 734 38,719
: 200 - 300 km  67.04 1,365 91,510
s 400 — 500 km 95.61 184 17,592
. CROWN BIOMASS , ,
Up to 100 km 42.71 1,905 81,363
100 — 200 km BT 1,417 80,769
200 — 300 km . TS 2,638 188,063
NON-MARKETABLE CROWN : :
Up fo 100 km 42.71 2,065 88,196
100 — 200 km 57.00 1,536 87,552
200 — 300 km 71.29 2,859 203,818
NON-MARKETABLE STEM _
Up fo 100 km : 46.03 3,972 182,831
100 =200 km 60.31 2,956 178,276
200 - 300 km 74.60 5,502 | 410,449

TOTAL 49.72 . 36,300 1,804,957




« JARI/ORSA REGION e

- The average raw material proeurement grice in the Jan/Orsa Reglon for the 3. 5 MWH and 5.6 MWH alternat|ves iS
R$ 14.17 and 29.70 per metric ton, respeotwely, (Table 34) In this case, there is no industrial biomass transporta- -

“tion costs, while the forest biomass (stem and crown) is. transported in.an average d|stanoe of 70 km. S

Table34 " Fuel Costln theJarl Reglonw.;».‘.it)j“i”~.”.‘. EE T |
o ‘TYPE“ T RS TOTAL CONSUMPTION (t/yeor) vTCSTAL cosT R$/yeon)
: T 0 35MWH ' 56MWH.- 35MWH . 5.6 MWH .
i INDUSTRIAL BIOMASS 1404 72,765 72,765 727,650 | 727,650
. STEMBIOMASS ~  + 5777 . 6735 - 38252 . 389,081 2,209,818
. CROWNBIOMASS . 6004 -~ - -~ 9983 . 599379
TOTAL ,\ 7 79500 121,000 1,116,731 3536847
T e e
522~ LABOR ~ S e LI P
A The worker Categones and annual labor oost Tor labor for the generatron plant : K
* alternative oon3|dered are shown i in Table 35 ’
Table 35 Annual Labor Cost in Generat1on Plants’ (R$) L /w :
: .~ RIOBRANCO . CAITOSOUMOES  ~ JAR/ORSA
S JCATEeo‘RY[ ~ 20MWH  100MWH : 20MWH - 35MWH - 5.6 MWH
Manager -~ 158,000 _ 158,000 158,000 158,000 158,000
P Assistant Il «/‘511;509 31,500 3, 500 31,500 31,500
L Assstantl 36,480 72,960 -, 36,480 72,960 - 72,960
. Operatorlll 109,440 182400 109,440 . 182,400 - -182,400
1 OperatorlT 72,960 91200 72960 91200 91,200
- Operator | | 48,640 121,600 . 48,640 121,600 .. 121,600

L TOTAL 457,000 .- 657,660 - 457,020 657,660 . 657,660

5 2.3~ CONSUI\/IABLES ;
The annual oonsumable costs for the proposed generatlng plants are shown in Table 36

....‘............."............-...-.-....-.-.-....'..‘i.‘.,..-.-..-........-.-.-.- ..................................................................................

Table 36 Estlmated Annual Consumable Costs for the Generatmg Plants.(R$)

.- . ROBRANCO = . ATOSOLUMOES . . . JAR/ORSA - '
. TWE T 20MWH TOOMWH - 20MWH  35MWH 5.6 MWH
: C\hjemicgl"Products», 252000 134,400 25200 79,800 134,400
lbricants - 21,000 - 108000 . 21,000 . 93,000 108000 |
©Others -~ . 540, 2,700 . .. 540 - 1,620 2700 -
CTOTAL | 46,740 245100 .~ 46,740 ' . 174420 245100
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5 24— I\/IAINTENANCE

The annual machrnery, ‘equipment, burldrng and |nstaI|at|on matntenance -
oosts for the proposed plant alternatrves are shown in Table 37 ‘ S ] E
. v\‘ - —
e e e i e e e R e e d e ee et e a s U PO P s P
Table 37 Estlmated Annua,l Mamtenance Costs (R$) ‘ R )
.. . ROBRANCO ALTO SOUMOES . JAR/ORSA 3
- TYPE e 20MWH T00MWH -~ 20MWH - 3.5 MWH "'"56MWH
Mochlnery and Equrpment , 'fv“‘12‘8,4\]"-1 - 577 474 S 128,41\1 o “, - 298,305'\-, . 576,886
Butldlngs and- Instollotrons .55;5_03 _ 148 323 T 55408 . ",‘6,2/,790" 75, 600

CTOTAL - > 184,014 ,_,,725,797._" T 184014 361,095 652,486

B R T R T R R D R R R R D R D R R

525~ INSURANCE

, The estlmated annual” machlnery, equrpment bundlng and installations |nsurance : )
~expenses for the proposed alternatrve pIants are shown in Tabie 38 -
o ) .............. TR e (ﬁ .....................................
_Table 38 Est1mated Annual Insurance Costs (R$) ST s Aj"
L R : \,' o '\ Tk ‘RIO. BRANCO : ALTO SOLIMOES L JARI/ORSA B
: © o TYPE . ZOMWH 10.0\MWH_‘ 20MWH “35MWH , 56MWH :
E 'Mochrnery and Equrpment 132,003 - 144368 32,103 74,576 - 144,221 :

Burldmgs ond Insto[lohons : o ]3,9‘,01\" h “ ’, 37,081 — 13, 901 15 698 f 18,900
'  TOTALS T, 46,004 - 7181449 - 46004~ - ,90,274\" S.163;121 G

5 2 6- GENERAL EXPENSES B S
The general expenses |nvolvmg several |tens non Covered in other cost components are

shown in Table 39. v S e e T
. B p - - H‘ .
Table 39 Estlmated General Expenses f;. T . R - . ST
R _ROBRANCO . - ATOSOLMOES ~ JARVORSA

CTYPEC T 20MWH_ TOOMWH - 20MWH . 35MWH 56MWH |

.

Generol Expenses e e \,69,9_558,_.& 390,621 - ~126,937 s 120,009 -~ 262,761




. 5;3—OTHER'"’CGS;TS‘ SO e e

531-DEPRECATION. e T B
~ The annual deprecratron costs calculated by linear depreolatron for L
each alternative being oonsrdered is shown in Table 40.

- "
_ﬁ/ .......................
Table 40 Estlmated Annual Deprec1at10n Costs (R$) - B ﬂl - . p i

P — ! " RIOBRANCO . - ALTO/SOLIMOES ©JARI/ORSA -

L TYPE ~ 20MWH 100MWH = 2.0MWH 3.5 MWH- 5.6 MWH
iMachinery and Equipment 321,027 . 1,443,685 .~ 321,027 745763 1442 215
EBoildin_gs,orlctlhstollotions 11,206 o 296(646';5"\; 111,206 . 125,580 151 200 _
\ TOTAL - - 432233 1,740,331 432233 ' 871,343 . \r,,593,415__‘

~'5.3.2- DEFERRED ASSET AMORTIZATION :
The deferred asset amortrzatron follows the same prrhcrple as deprecratron
it ConS|sts of the accounting recuperatlon of capital invested in rlghts
- costs, _charges or expenses that will have an effect in subsequent years
For the purposes of this’ study, pre- operat;ng expenses: Carrled out durrng
the implementation period are consrdered as deferred assets Table 41
shows the ‘estirnated ahhual deferred. asset amortrzatron Costs for the S
proposed generatrng plants alternatrves ’ o

Table 41 Estlmated Annual Amortlzatlon Costs' ST \’j R
' - RIOBRANCO  AlTO s"ou'MoEs JARI/ORSA

Lo TYPE, 5,’- - 20 MWH ,105QMWH_ 1_2'.QMWH I5MWH 56 MWH
Amortization -~ - 155089 | 676,356" 155089 267,506: 503,590 i

S
54-TAXES : o
The taxes consrdered tor this feasrbrlrty analysrs are L IR : o o S o, ?
. On Invorcrng PIS (© 65%) COFINS (3. 00%) and CPMF ©. 38%) , ‘ '
« ICMS (State Value Added Tax)- 17%; and, ~ < s S
. On Income — CSLL (Sooral Contrrbutron on Net lncome) (9.00%)_ and IR (Iho‘ome Tax) (25.00%).
- o . \) ’




. S’reqm Scles

."Sub‘rofcll Sales._

1,729,750

i
Ly

8,648,640

. 1,729,750

1,729,750

= 71,296,000
4,337,280 -

5 5 CASH FLOW ENTRY :
551 - SALE AND BENEFIT RECEIPTS : '
- The cash inflows for each alternatlve conS|dered are shown in Table 42, conS|der
the followmg aspects _ =
’ i. Sales of energy at regional market prices;
ii. Sales of steam at production cost; ;
.+ -iii. CCC benefit up t0.75% of invested value;
‘ iv: Fuel economy, subst|tut|on correspondlng to rice paid based on diesel’ )
D o fuel that is no longer belng used (average price COﬂSldered is R$ 0. 80
per hter) and, : ' S : . b
v. No taxes are con3|dered on CCC rece|pts
’/ ............................... TR S SRS PE SUUORUPOR /’ ....................................
. Table 42 Annual Cash’Inﬂows (R$) )
: w0 BRANCO ATO SOLIMOES ~ JARI/ORSA
TYRE TZ20MWH  T00MWH  20MWH  35MWH . 5.6MWH
" i 1.EnergySales - 1,729,750 8,648,640 53,041,280 4,847,040

.,CCC Benefl’rs N e

5,655,980

21,462,421

5,655,980 N

9,954,139

1’7,‘428,537

. Total’ Subs’muhon (3+5)

5,876,950

29, 384 640

N 5 876, 950,

10, 9728007

>6'7’T 8,400

5 5 2- RES!DUAL VALUE

- The residual value of the undertaking of the; alternatlve plants conSTdered is shown
inTable 43, below S , ,

..'......................-.-...-.-......'..-.-.-.-.-.-..........................................................2-..................... ..............................

7 ngable 43 - Re31dua1 Value (R$)

( : - S - 3 ) . o7
) RIO BRANCO ; -+ ALTO SOLIMOES JARI/ORSA
. - . N ,k; ’ . - ) - Z /7 . -
“ TYPE -, 20MWH TOOMWH =~ 20MWH °© 35MWH  56MWH
\ Tofal Investment 7,541,306 _ 28,616,561 7,541,306 -+ 13, 272,185
Total Deprecna‘red | 14878360 18,886,540 4878360 9, 341,330 16,690,150
b Assets © 1,550,890 © 6, 763, 560 1,550,890 - - 12,675,060 5,035,900

| /Tofol Amomzed Asse‘rs o
S ;ReSIduol Fixed Assefs
Invves_tment' S

lgf\%Working,C;opi’Tol ‘

1,112,056

90,716

,2;966,4611 .

439,944

1,112,056

143,184

- 1,255‘,795/ i

. 162,647

El

1,511,999

341,418

U TOTAL

1,202,772

3,406,495

1,255,240

1,418,442

1,853,417

¢

1,296,000 §
16,143,040

. Fuel Economy | ,'4',14'7_,'290,.2(/)/;7?36,‘000 . 447,200 6,635,520 10,575,360
- Total Market (3+4) - 7,385,730” 30,110,061 7,385,730 . 14,291,419 23,571,577

I

23238049 G
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5 6 CASH FLOW
Table 44 shows the cash for the two alternatlves analyzed for the Rro Branco Reg|on o o
under the hypothesrs of energy market sales and fossil fuel (petroleum) substltutlon S _‘ B P
: by biomass. B . _ o
) S TS

Table 44 Energy Generatlon Cash Flow for RlO Branco Reglon (R$)

| T20MWH  20MWH 100MWI-l T0.0MWH

G mEM -~ MARKET . SUBSTITUTION -~ MARKET - - SUBSTITUTION

L CASH INFLOW - 32,805,002 89 357,022 o 154,598,426 444,176,005
: Energy Sales Revenue . o 25 946 250 25,926,250 L 129 729 600 1 29,729,600 '

;. CCCorFuel Savmgs "7 | | 5,(0655,980, 62 208, ooo"ﬁ« 21,462,421 311,040,000 |
Residual Valve ’ 1,202,772 1,202,772 7 3,406, 405 ,3,406}495',
'ﬁcAsH;,o.uTELow,w s 734,484,347 34,484,347"' | 176 180,120 176,180,120

" Fixed Assef Investment 17,541,306 7,541,306 28, 616 561 28,'616,55,] oo
7 Worklng Copl‘rol lnves’rment , : o 90, 7lc’> o t-9"0,7]—6, : 439 944 ' '-439'944’“‘\ \ |
Production Costs . 22,036,725 22,036,725 123 045, 915 123,045915
Revenues Taxés 4815600 - 4,815,600/ 24‘077 700 24,077,700

Income Taxes .~ - L e . Cem et e

”NET CASH FLOW" 1479345 7 54872.675 421,,5-81,694 267,995,885

Reven ues Toxes

. 4,815,600

B U= S SOy S A0 TN S SR SN STV IS SR ST SODTETN (oo s
Table 45 shows the cash flow for the two alter‘native‘s analyzed for the Alto SolimOes } R .
: /Reglon considering the energy market sale and fossrl fuel (petroleum) subst|tut|on /
by blomass ' ‘
) ....... FOTTIOTR s B P A _ ........ et SURS , ...... :
Table 45 Energy Generatlon Cash Flow for the Alto Sohmoes Reglon (R$) ,
ITEM - ] 3.0 MWH MARKET 2. 0 MWH SUBSTITUTION o
CASH INFLOW o 32857470, 89409490
Energyond Steam Sales e | 25,946,250 . 25,946,250; o
-icec a - 5655980 - 62,208,000
Resrduleolue \ 1255240 . . 1,255240 0 i
- CASH OUTFLOW 52,485,185 " 52485185 |
Fixed Asset Investment .7541,306 " 7,541,306 R
Workmg Copltol lnvestment ) 143, 184 143, 184
Production Costs™ 39,985,095 39,985,005 -

4,815,600

Income Toxes < o -1 e -
NET CASH FLOW PR 19,607,715 36,924,305




Table 46 shows the cash flow for the two alternatives for the Orsa/Jari Region, under the hypothesis of energy
market sale and fossil fuel (petroleum) substitution by biomass.

Table 46 — Energy Generation Cash Flow for the Orsa/Jari Region (R$)

2.0 MWH 2.0 MWH 10.0 MWH 10.0 MWH
ITEM MARKET SUBSTITUTION MARKET SUBSTITUTION
CASH INFLOW 76,431,781 120,406,921 111,427,554 252,625,202
. Energy Sales 65,059,200 19,440,000 92,145,600 92,145,600
aee 9,954,139 99,532,800 17,428,537 158,630,400
Residual Value 1,418,442 1,434,121 1,853,417 1,849,202
CASH OUTFLOW. 64,959,812 55,019,456 124,348,927 = 126,620,797 -
Fixed Asset Inves;menj 1272115 11852%254:85 23,238,049 23,238,049
Working Capital Investment 162,647 178,326 341,418 337,203
Production Costs 37,960,890 37,960,890 83,667,315 83,667,315
Revenues Taxes 12,074,925 3,608,055 17,102,145 19,378,230
Income Taxes 1,489,165 7 - o ; Zi
NET CASH FLOW 11,471,969 65,387,465 -12,921,373 126,004,405

5.7 — ECONOMIC AND FINANCIAL INDICES

The economic and financial indices for the alternative
plants considered are shown In Table 47. These indices
were calculated based on projected net cash flow,
shown above.

e The energy market sale options showed low
internal rates of return (IRR), feasible only in
the case of Orsa Group /Jari with a 3.5 MWH
energy generating plant, selling energy and

steam, (Table 47).

e All the fossil fuel substitution by biomass
options were feasible,” with the 'Iargest IRR
obtained In the Rio Branco Region cases,
followed by those in the Jari/Orsa region and
lastly by those in the Alto Solimoes Region.

~ « Net Present Value - NPV — also shows a
behavior similar to the IRR.

Table 47 — Economic and Financial Indices for the Alternatives Analyzed

: S INVESTMENT
REGION/ POWER NPV (R$) IRR RECUPERATION
" ALTERNATIVE MWH (MDR 12%) % (vears)
RIO BRANCO
Market 2.0 -2,840,301 = 8.6
2 10.0 -17,550,577 - 15.0
Substitution 2.0 20,432,046 53.7 1.8
: 10.0 104,945,170 67.8 1.4
ALTO SOLIMOES ;
Market 2.0 -11,167,087 - =
Substitution 2.0 12,245,191 37.5 2.4
JARI/ORSA
Market 3.5 1,824,220 16.6 1.9
5.6 12,315,574 s 10.9
- Substitution 385 38,512,790 57.0 129,
5.6 43,876,860 41.7 23




* INFLUENCE OF TAXES ON THE ECONOMIC
AND FINANCIAL INDICES. .

Table 48 shows the influence of taxes on the economic
and financial indices for the alternatives analyzed, where
the following can be seen: :

° The removal of taxes such as ICMS and other
taxes collected on revenue, improve the IRR
result, making the sale of energy alternative
feasible in the Regions of Rio Branco and
Jari. \

* The IRR of the substitution of fossil fuel by
biomass alternative also improves with the
removal of taxes.

* The NPV also shows a behavior similar to the
IRR with the removal of taxes.

: Table 48 — The Economic and F1nanc1a1 Indices for the Alternatlves ;
Analyzed for no Tax Payments

REGION/ ~ POWER WITHOUT ICMS WITHOUT TAXES
ALTERNATIVE MWH NPV R$) = IRR (%) NPV (R$) IR (%)
RIO BRANCO : : :
Market 2.0 -1,304,868 55 -800,005 8.2
10.0 -9,016,562 % -6,649,578 2.1
Substitution 2.0 22,107,410 . 57.0 22,612,273 57.9
QIR & 1113 479111854 (e /25 115,542,699 . 73.3
ALTO SOLIMOES \
* Market 2.0 -9,460,264 2 -8,986,860 - -
: Substitution 2.0 13,952,014 409 14,425,418 418
: JARI/ORSA : .
Market 35 4,908,405 23.3 7,636,730 28.0
: ' 5.6 6,319,641 0.2 4,572,706 4.2
Substitution 3.5 41,596,490  60.5 44,325,399 63.0
5.6 50,903,274 46.2 52,650,209 47.3




5.8 — SENSITIVITY ANALYSIS

» RIO BRANCO REGION
Figures 20 and 21 show the sensitivity analysis as to biomass prices and the
energy sale prices in the Rio Branco Region, where one can see:
° The energy market sale alternative supports maximum biomass price
of up to R$ 30.00 per metric ton, (Figure 20);
& » The fuel source substitution alternative supports a biomass price of up
to R$ 180.00 per metric ton, (Figure 20); and,
* The minimum acceptable energy market sale price is R$ 120.00 per
MWH, while for the substitution alternatives these prices can be as low
as zero as the saving in fuel price justifies the operation for the substi-
tution of petroleum by biomass. (Figure 21).

\

Figure 20 — IRR Sensitivity to Biomass Sales Price Variations in the Rio Branco Region
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Figure 21 — IRR Sensitivity to Energy Sales Price Variations in the Rio Branco Region

N 2MWH market %, 10 MWH market 8 2 MWH substitution %, 10 MWH substitution|
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 ALTO SOLIMOES REGION ; ‘
* For Alto Solimbes Region the maximum raw material price for energy market sale is R$ 15.00 per metric
ton, while for fuel substitution the maximum acceptable biomass prices is R$ 118.00 per metric ton,
(Figure 22); and : a
° The minimum acceptable energy market sale price for energy production in the Alto Solimdes Region is
R$ 220.00 per MWH for production destined to the market, while for the fuel substitution price paid for
energy can reach zero and still be economical for substitution of fuel oil by biomass. (figure 23)

* JARI/ORSA REGION

* |n the Jari/Orsa Region the raw material market sale price limits are at the maximum'RSB 25.00 and 22.45
per metric ton, for the 3.5 and 5.6 MWH plant, respectively. While that for the maximum acceptable bio-
mass substitution price is R$ 100.20 and 99.10 per ton for 3.5 and 5.6 MWH plant, respectively,
(Figure 24); \ :

* The minimum acceptable energy market price to make energy generation to remain feasible in the Alto
Solimbes Region is R$ 71.60 and 134,50 for 3.5 and 5.6 MWH plant, respectively, while those for substi-
tution only, is feasible for company consumption at any price due {o the fuel savings (Figure 25);
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Figilré 23 — IRR Sensitivity to Energy Sales Price Variation$ in the Alto Solimdes Region
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Figure 24 — IRR Sensitivity to. Biomass Sales Price Variations at J ari/Orsa
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Figure 25 — IRR Sensitivity to Energy Sales Price Variations at Jari/Orsa

(\3,5 MWH market % 5,6 MWH market & 3,5 MWH substitution %,5,6 MWH substitution |

[

80,00%
60,00%
40,00%

o
CE,

20,00%

0,00% _— -G AU S .
0 40 80 1204 % 61160 L4200 7 2405 2 £60

Energy Sales Price R$




fhe r_ecommendation§ for p‘ubiic policies were obta‘i'ned from round table
discussions carried out during the 3 (three) workshops, in which representatives

from Government (public),

the private sector (forest product industry and

energy generatibh and distribution industry businessmen), research -iristi‘tUtions and other

representatwes from the local civil society part|C|pated

'The main objective of these round tables was: to obtain lndloatlons and proposals for
actions and public policies aimed at the use of forest productive Chaln marginal reS|dues
and policy proposals for improving the conditions for energy generation.

6.1 — WORKSHOP RESULTS

The following presents a summary of the most rele- -

vant observations made during the debates carried
out during the workshops.

6.1.1 = RIO BRANCO IN THE STATE OF ACRE
Majorpomments regarding public policies discussed
at the Rio Branco Workshop were the following:

RA(VV MATERIAL (B'IOMAS/S) PROCUREMENT
~i. There is a legal impediment for the use of
forest harvest residue since authorization'is

needed for the use 'of this product, as there i

is no legal standard defined by the authori-
ties responsible for its control, making its
use subject to individual criteria, as to quan-
tity and type of material that can’be removed
from forest areas being harvested:

~mass has several limitations associated
with the characteristics of the_fiorestproduct
industry, which are:
* Raw material procurement instability (due

to the forest-based industry seasonality

and i‘nstabili_ty), and the lack of a long-term

sustainable procurement (a period supe- '
rior to 15 years). In this case energy gen-

i. Energy generation based on timber bio-

eration (strategic product) is a by-product
of an industrial operation with limitations
to long-term sustainability and sHort—term
~ stability (seasonality during the year).
~_iii. In Acre, the workshop similar energy gen-
eration experiences biomass-based be-
came unfeasible owing to raw material
procurement instability, mainly as a result
~of increased  biomass transportion and
preparation costs. As a strategic issue, en-
“ergy generation for mee’ting local popula-
tion needs can not be subject to raw mate-
rial availability oscillations.

FEASIBILITY AND CONTRIBUTION TO FOREST
MANAGEMENT AND INDUSTRY COMPETITIVE-
NESS (TIMBER PRODUCTIVE CHAIN)

i. The subsidies for energy. geheration in the

V State of Acre, to make procurement com-
patib]e to the tariffs p’racticed in other re-
gions in Brazil are in excess of R$ 3 billion
per year. :

i. The cost forest replacement requires for
/utiliz'ing ;/fdrest harvest residue is a limit-
ing factor to the feasibility of using this

i @



- asa fuel source for energy. This'does not
__happento industrial biomass‘ since forest_
- replacement costs were already pald at

harvestlng ’
. lack ot competmveness with hydroeleo- were the followmg

’ trlcenergy,\;the Brazilian energetlo ,matrrx‘
~  base, limits biomass use as an energy al- - RAvv MATERIAL (BlOl\/lASS) PROCUREMENT

6.1.2 = ALTO. SOLIMOES IN THE L

STATE OF AI\/IAZONAS S . e
- The main comments in respeot to publlo pOlICIeS made
-at the Manaus Workshop (Alto Solimées case study)

ternative. The‘Way of making market en-

to use partial maintenance of subsidies

V.

destined io petroleum fuel. However, this
strategy does not make up part of l\/I|n|stry

~of Mines and Energy polloy

The use of forest. harvest and |ndustr|al;~' ;

“processing - residue contributes to add
value to. forest management in a way to

“ergy based on timber;biomass_feasible is -

i. The oreatlon of sustalnable forest produo—
tion’ areas which permits -economically

feasible management of areas in the State,'. o

~and National Forest Programs will provrde
the avallablllty of a forest. or|g|n blomass

. conoentratlon making -forest . or|g|n raw
material operatlon for energy’ generatlon )
; teasrble . ) -

increage the monetary : value obtalned by -
S managed area .unit, maklng sustalnable
forest management srgnrflcantly more fea—'

MANAGEMENT AND INDUSTRY COMPETITIVE-

FEASIBILITY AND CONTRIBUTIO:N‘TO,_‘FOREST e

sible in certified areas.

ENVIRONMENTAL ll\/IPACT - :
‘ | .The State otAore Energy Regulatlng Agenoy, '

‘together with Asrmanejo and .FIEAC is

f 'j\preparlng a proposal for energy generation
- from alternatlve sources with priority for

" the - use of |ndustr|al residues as -a. way-
~of providing -a solution’ to enwronmental"
liability.issues foroompanles |nstalled inthe
'Rio Branco Industrial’ District, Wthh have

problems is ‘disposing industrial residue.

NESS (TIMBER PRODU(\/}TIVE CHAIN) N
" ° _i. The use of forest harvest biomass residue

to inorease the productivity in forest man-
agement areas, currently. between 1 and 2

m3/ha/year improves the economic ‘results’

.(forest remuneratlon) and'wil oontrrbute to

the success of 'fore‘st management, making,
forest management operations as well -as -

- those activities linked to- oertl.f'ioation more

- feasible:
i. Biomass ﬁtransportatlon costs reduotlon - '
“through lmprovements to the |nfrastruoture :

is-essential for lnoreasmg oompetltlveness

‘According - to  the EMBRAPA/AC o - to support energy sales prices, -
representative, the removal of the-non- R o St
_marketable species is not'recommended - . - - e
due to the envirormental impact caused to  SOCIAL ECONOMIC IMPACT ,
the exrstrng natural resources in the forest. ) . I. The use of 'ﬂbioma‘ss with subsidies equiva-‘ :

N

ii. The timber bromaSS life oycle is shorterthan™

the combustible fuel life cycle, _representlng
" a large advantage of this source of fuel as -
. an effort of clean development rnoludlng e
its insertion asa CDM (Clean Development

Meohanlsm)

- The use of blomass from torest harvest :

resrdue contrlbutes tor reduotlon forest fire \

risks in sustainable management areas,

-owing to the removal of material with a
"~ ‘combustible potential. g

. lent to those ourrently‘received for com-
© bustible fuel as Well maklng energy pro-

‘ duction teasrble |n]eots up to R$ 487
'mrlllon lnto the Jlocal eoonomy per year,

- which_.could revolutlonlze the Benjamln_

: 'Constant economy.

ii. The transfer of deorsron maklng to a lo-
© cal sphere Clty and State Governments .

“.makes the |mp|ementatron of aotlons
‘destined to the solution of Iooal problems

“easier, when’ adapted to the speolflo con-

[
J



ditions of each Region, giving priority
the use of local raw material sources,
and the accumulation of economic re-
sults to the timber chain. Currently,

- the economic results produced by the

energy generation chain are accumu-
lated in other locations, which are not

‘the consumers of the energy, because

the raw material-and transport are from
other areas.

Initially, the use of biomass brings

scientificandtechnologicaldevelopment
to help manage and conserve the forest
areas for industrial plant procurement.

The direct benefits of the project are:
the income generation, local employ-
ment, 'substitution of a non-renewable
resource by a renewable one, improved
conditions-in rural areas”in support to
local populations, reducing migration,
permanent settlement in the forest ar-
eas, improved technology events and
increased competitiveness of the forest
sector. :

v. The project is an alternative for providing

Vi

a solution to the absurdity of having a
city in the middle of the Amazon forest
fhrowing away industrial residue (bio-

mass) that could be used as a fuel for-

energy generation instead of consum-
ing diesel-oil to generate energy.

The project is an opportunity for the
State to develop policies for the forest
sector to face growing costs for diesel
energy generation with biomass-based

energy, such that the Government

: should repass the petroleum subsidies

Vil.

to biomass, furnishing better conditions
for the use of biomass as an energy

.source.

It is recommended that the project look
at a partnership with the brick and tile
makir)g seétor that has been working
with. bamboo and cassia that could be
alternative energy sources. The prelimi-
nary results with cassia are three times
larger that native brush.

. 6.1.3 - JARI/ORSA IN THE STATE QF PARA
The main comments. in respect to the public policies
from the Belém Workshop (Jari/Orsa case study) were
the following: ;

RAW MATERIAL (BIOMASS)

i. The Macro Zoning, through ZEE should ‘be

utilized as an land use planning instrument,
which should help in the implementation of
this type of project, -mainly with the concen-
tration of sustainable forest management
areas, reducing the cost to'the energy gen-
erating plants.

ii. The use of forest biomass residue, for any

purpose, should be taken into account the -
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current use situation of the resource in the
State, mainly in the eastern region, where
wood is being produced from timber
biomass (mainly residue) to sustain
7 (seven) pig iron plants and related
foundries, using all the available residue
in the this region.

. The use of timber biomass residue, wheth-

er from the forest or industry, should meet
the conditions implemented by the State
through SECTAM. This will be the big
challenge for this type of project.

FEASIBILITY AND CONTRIBUTION TO FOREST
MANAGEMENT AND INDUSTRY COMPETI-
TIVENESS (FOREST PRODUCT PRODUCTIVE

CHAIN)

i. The use of residues (secondary biomass)

provides more value to the forest, allow-
ing companies to generate more income.
Nevertheless, it is recommended that no-
bler uses be given to biomass, other than
energy, aggregating value to residue in
generél.

Biomass is one important source of
alternative fuel for energy' production
through firewood and others (cane, alcohol -
and others), although such sources
may have large problems related to
sustainability and procurement guarantee.
Uncertainties surrounding the conditions
of energy sources is one of the biggest
problems for energy supply, and it is one
of the reasons why many communities use
energy based on petroleum in detriment
to alternative sources such as biomass.

. The treatment given to payment for replac-

ing forest harvest residue can become a
decisive factor to the feasibility of energy
generation based on timber biomass.

ENVIRONMENTAL IMPACT
i. The impact on the forest with harvest of

non-marketable species can compromise
future production capacity, with it being
recommended that these species not be
used for energy generation.



i. It is necessary to-avoid the export of exist-

ing nutrients in leaves and less than 5 cm
diameter branches. In this case, it is recom-
mended that this type of forest harvest resi-
due not be used until more qualified studies
are undertaken by EMBRAPA/CRATU.

. The volume of Forest harvest residue gener-

ated could be greater than that presented
in the study, because it does not take into
consideration the volume generated by

-other fallen tFees,‘that are not marketable,

knocked down or damaged during the tim-
ber harvest.

SOCIAL ECONOMIC IMPACT
i. The project also provides a contribution
to the energetic infrastructure to support -

the agro-industry, generating energy at
low prices in regions with limited energetic
supply.

ii. The State of Para has specific legislation for

attracting investments considered strategic

by the Government through fiscal incen-

tives for -equipment as a form of improving
cost. The incentive is up to 95% of the ICMS
for strategic companies, through FUNTEC.
This can be a local contribution to making
this type of project feasible.

iii. Para has an abundance of energy in the

eastern part, on the other hand there are re-
gions such as the Northern trough along the
Amazon River and Marajé Island where one
could implement this type of project, as the
energy supply isprecarious. In these cas-
es, biomass becomes a strategic energy
source.

6.2 — PUBLIC POLICY
SUGGESTION PROPOSALS

Based on discussions and suggestions presented at
the workshops in Rio Branco, Manaus and Belém, it is
suggested that the following Public Policy actions be
taken to make the energy generation projects based on
timber biomass more feasible.

RAW MATERIAL (BIOMASS) PROCUREMENT

Norms — prepare a standard at the national
level to establish the quantity and type of
industrial and forest harvest biomass that
could be used for energy generation. The
following is suggested:

Allow the integral use of industrial residue
without any costs for forest replacement as
it was already paid during the harvest phasé
for industrial processing.

The guantity of residue to meet this require-
ment should obey the same criteria as used
to determine the quantity of product residue
from the transformation process.

To allow the use of all the residue generated
by forest harvest: crown and stem residue
from trees removed and species damaged
by forest harvest, payment for forest replace-
ment should not be required.

ii. Zoning and Land Use - use the ZEE as a

tool for territorial ordering, which is associat-
ed to'the creation of forest production areas,
through a cluster system, concentrating for-
est and industrial brigin biomass production,
reducing transportation costs ands creating
stability for raw material (biomass) procure-.
ment, facilitating energy production to meet -
the needs of the market and the forest pro-

ducers themselves.




FEASlBILITY AND CONTRIBUTION TO FOREST

MANAGEMENT AND INDUSTRY COMPETITIVE-
NESS (FOREST PRODUCT PRODUCTIVE CHAIN)

i. Subsidies — to develop a policy for com:

bustible fuel substitution for biomass for
energy generation for the market, through

~providing part of the subsidies granted to

combustible fuel to biomass to make en-
ergy generation meet market needs, and
benefiting communities. The subsidy value
could be equivalent to one-half the value
granted to diesel oil for current generation.

ii. Pilot Model — Implement a pilot model on a

small scale with priority for Rio Branco with
a 2.0 MWH generation capacity as a basis
for development of the proposed genera-
tion o,pérating model.

Sustainable Forest Managemenf —the proj-
ect irﬁp|ementation willmake sustainable for-
est management feasible. In an area where
one harvests 15 m3/ha of timber logs, there
will be a R$ 125.00 per hectare (12.5 metric
tons) increase in revenue, for the payment of
‘Currenily non-used stem and crown, repre-
senting a growth of at least 10% in revenue.

ENVIRONMENTAL IMPACT
i. Industry Environmental Liabilities — the pro-

motion of industrial residue (biomass) use
should be implemented by forest production
developmept and environment and control
agencies, as a solution for environmental li-
abilities genera{ted by industrial production.
The development of a joint action is recom-
mended together with these institutions,
the Public Attorney’s Office (environment)

and business entities, mainly in the Munici-
pality of Rio Branco where this problem is
being discussed. S

. Non-Marketable Species — the impact gen-
erated on the forest with non-marketable
species harvest could compromise future
production capaoity’and steps should be
used to improve the use of these species.
i. Nutrient Export — the use of forest harvest
residue with a diameter of less than 5 cm
and leaves should not be permitted, to
avoid the export of existing nutrients.

iv. Clean Development Mechanism (CDM)

— the timber biomass life cycle is less that
the fossil fuel cycle, representing a.great
advantage of this source in efforts for
clean development, including insertion as
CDM. : :

OVERALL ASPECTS
i. Increased Local Decision Power — To pro-

mote the transfer of decision making to a
local sphere, City and State Governments
make easier the implementation of actions
to solve local problems. These are to_be
adapted to the specific conditions of each
Region, giving priority to the use of local
' raw material, and the accumulation of eco-
nomic results within the timber chain.

i.Science and Technology Development — to

implement via official institutions and re-
search organizations the necessary stud-
ies to promote biomass utilization as an
alternative source of energy in the more
“ distant regions of Amazon.




n accordance with the studies carried out in the
different locations in the Amazon region, it can be
'ccénoluded that the use of forest biomass for the

production of energy, has the following characteristics.

FEASIBILITY . :

In the Itacoatiara Region, there is no raw mate-
rial available for new timber biomass-baéed energy
generatibn on timber biomass, as existing residues
are already committed to tl;lis_typ'e of unit.

. Timber biomass is corﬁpetitive for energy genera-

tion for sale to the market when compared to energy
generation based on oil. Nevertheless, it is not fea-
sible to meet the needs of the markets in the Re-
gions under study, for prices currently paid by are

J Iesé than production costs, owing to large subsidies

recelved by thermoelectrlc producers (for oil based
denvatlves)

Thus, timber biomass compeﬁtivenesé' is reduced
due to subsidies received for ehergy generation

fronﬁ fuel oil, such that only energy. generated from

-industrial biomass is feasible for energy market sale

_at prices competitive with those currently being paid

by the distributors, while energy generated from for-
est harvest b!omass is not feasible, owing to high
_raw material transport and preparation costs

Timber biomass is a highly feasible alternative as
a substitute for fuel oil for energy generation, un-
der the current public prices conditions and subsi-
dies paid to energy companies and distributors. In
this-case, all biomass sources, industrial and forest

- become highly feasible and all the energy genera-
- tion alternatives analyzed become feasible when

subsidies are granted to fuel oil currently being

- used for generation in the locations under analysis. -

The generation for self-consumption is feasible for
all the alternatives analyzed. This includes indus-

trial biomass and even forest biomass, in a way that
combined with the substitution of,fuél oi'l, it becames
very attractive for industrial units, permittin’g the use
of industrial and forest reS|dues within a transport
distance of 200 kilometers. :

The best economic and most feasible option for en-
ergy generation is the use of industrial transforma—_
tion residues. Non—marketable'spe_cies were found
to be the worst economic option, being unfeasible
in all cases. SN

CONTRIBUTION TO SUSTAINABLE

 MANAGEMENT:

Use of biomass for commercial purposes contrib-
utes to add value to sustainable forest managemént
and increases the competitiveness of the activity. It
was found that extra incomes up to R$ 125.00 could
be provide per ha. :
Energy generation as a non-traditional timber con-

- sumer can together with the forest-base industry -

contribute in a significant way to making sustainable
forest management feasible.

Non-marketable spec:es harvests are unfeaS|bIe
in economic terms as well as representing an ex-
pressive increase in forest intervention. The use
of these species is not very attraotlve in economic
terms, owing to the hxgh cost of raw material prep-
arat!on, high transport cost and also to the large
impact generatéd by the volume harvested on the
management areas, and thérefor‘e, is not recom-
mended as an alternative for the project in qu‘éstidn.

{
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ll\/lPACTS ON FOREST BASED
INDUSTRY INCOME:

The _use of industrial resrdue represents a solutlon '

for an environmental liability generated by the tim-
-ber industry and -a possrbrlrty, as well, of adding
value to this materral and ‘imiproving’ the company

profitability.. . o : . “

Energy generatron for self- oonsumptron also repre-
sents savrngs for in the use of fuel oil- (lower cost -
energy prroe) and aggregates value to an 1ndustr|al
transformation by- product

Co-generation _also represents a possrbrlrty for -
steam generatlon tor dryrng, allowing' an improve-

ment in industrial prooessrng aggregating value to .
the marn product, qualrty dned Wood

\

IMPACT ON REGIONAL SOCIAL

- ECONOMIC DEVELOPMENT

The energy generated through the use of biomass

is.a big employer of labor in oomparlson with the

_different ‘ways of. energy generatlon whether ther-

i ‘; moeleotno or-other: Jobs are generated in the' pro-

duotlon srtes where the energy is Consumed inject- -
ing resources dlreotly into the looal and reglonal -

economy ; s
‘The income generated is aggregated to the local pro-

ductive chain, through payment for raw. matenal its

preparatron transportatron and -energy- generation.
The above benefits mentioned increase employment
and income. Increases of tax collection at local and
reglonal level, oontrrbutes to an rmprovement of so-
cial economic oondrtrons

The prooesses mentloned .above |nsert the Iooal~
‘ populatron rnto the productive chain and the bene-.
. fits generated by it, including lthe\avallab'ility_of elec-

trlo energy to meet oommunrty needsl N

There is the possibility of usrng the undertakrng as‘
a Clean Development Mechanism and Carbon Cap- '
ture generatlng an addrtronal |ncent|ve by substrtut- '

|ng ‘fuel oil by biomass.
Lastly, energy-generation based on tlmber bromass

~ to meet market needs is highly feasible and.reoom-

mended for substitution of fue/l oil as long as part of

[N

the subsrdles tied to fossrl fuel generatlon are grant- )
ed to generatlon bromas based processes. .
Co- generatron and generatlon for self- oonsumptron
are fundamental to make the forest based mdustry

' more feasible in locations where fuel oil is - used or .

limitations to. energy supply are'still ‘experienoed' '
InJeotron of Resouroes into. Local Eoonomy - the .
benefrts produoed wrth ‘energy generatron rnolud—

ing any eventual subsrdres will be aocumulated in to - -

‘the, local productrve chain, provrdrng/ :
~ a.lncome generation, - , o
_ b. Looal employment L .
oSubstrtutron of a non- renewable source
" witha renewable source, '
d Less migration to urban areas
. Teohnologrcal |mprovements ‘
f. Inoreased oompetltrveness of the forest\
~sector, '
g Sooral inclusion.
For oontrnurng the Work it is recommend--
ed that pilot~ proleots are developed to
‘meet speorfro oharaoterlstlos of eaoh Re-r :
glon whroh are: '

Rio Branco: to |mp|ement a 2 0 l\/lWH pllot
model to.provide a solutlon to an envrron—
‘mental Iiability created by timber compa—
~ nies in the lndustrral District. - |
o Alto Solimbes:” |mp|ement a small soale’, -

' ‘prlot model to meetisolated oommunrty. .

, needs such that in.function of the limited ‘
'supply of raw materlal a 0. 5 MWH plant is -
) reoommended '
\ « Jari/Orsa: to |mplement a 5 0to 10 0 l\/lWH
pilot model with co- generatron to -meet -
the large demand for energy | |n the local,
nvyhroh ’ourrently uses fuel oil. As It is an
: exoellent option for immediate substitu—‘
tion of fossil fuel by timber blomass with
immediate teasrbllrty, usrng forest harvest ‘

oL

’ resrdue Wwithin a transportron radi s of 100
s lgrlometers



Appendices
- LIST OF WORKSHOP PARTICIPANTS
- WORKSHOP PROGRAM

- LIST OF ABBREVIATIONS .
- GLOSSARY OF TECHNICAL TERMS
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Appendix Il

RIO BRANCO WORKSHOP

Date: July 22, 2005

Location: Federal Revenue Office Auditorium I, R. Maréchal
Deodoro, 340, Ground Floor — Center :

Rio Branco — Acre

HOUR EVENT

09:00 — 9:40 Registration and reception

09:50 — 10:00 Opening: .
Aguimar Mendes Ferreira —Forest Development Consultant FUNPAR/ITTO Project PD 61/99

10:00 —10:50 Technology for the generation of energy from the use of timber biomass
Speaker: José Luiz Bauer Chielle — Consultant FUNPAR/ITTO Project PD 61/99

10:50 — 11:00 Coffee Break

11:00 - 12:00 Industrial Solid Timber Residue Inventory in Acre
Speaker: Rosana Cavalcante dos Santos — SEMA/IMAC

12:00 - 14:30 Lunch

14:30 — 16:00  |Presentation of FUNPAR/ITTO Project Executive Summary — Increasing the
Efficiency in the Tropical Timber Conversion and Utilization of Residues
from Sustainable Sources

Speaker: Aguimar Mendes Ferreira — Consultant FUNPAR/ITTO Project PD 61/99 -

16:00 — 16:15 Coffee break

16:20 - 18:00 Round Table: Use of timber biomass for energy generation.

Participants: 3 .
Marcus Vinicius N. D'Oliveira - EMBRAPA/CPAFAC
Moisés Silveira Lob&o z - UFAC - Forestry Engineer
Adelaide Fatima de Oliveira - ASIMMANEJO
Zenobio Abel G. P. da Gama e Silva - FUNTAC
Edson Freire - GUASCOR
Francisco Eulalio Alves dos Santos ; - AGEAC !
Aguimar Mendes Ferreira - FUNPAR/ITTO
Celso Santos Matheus - ELETROACRE ¥
18:00 Closing ~
BELEM WORKSHOP

Date: July 18, 2005
Location: State of Para Industry Federation, Auditorium I, 7th Floor — A Block
Trav. Quintino Bocailiva, 1588, Nazaré -

HOUR 7 EVENT
09:00 Registration and reception s
09:40 Opening Ceremonies:

Dr. Luis Pinto de Oliveira — Assistant Secretary— SECTAM — State of Para Executive Secretary of
Science, Technology an Environment
Dr. Justiniano Queiroz Neto — Executive Director AIMEX — State of Para Timber Industry Exporter
Association
Prof. Dr. Sueo Numazawa — Federal Rural University of Amazons

Aguimar Mendes Ferreira — Forest Development Consultant FUNPAR/ITTO Project RD 61/99 E PH OTOG RAPH S RIO

10:00 Ecological Economic Mapping for Para — for.the Prospecting of Areas for
Sustainable Development > BRANCO
Speaker: Crisomar Lobato — Para ZEE Coordination - SECTAM

11:00 - 11:15 Coffee Break

1 = Overall View of Rio Branco

1T 55EA Technology available for energy geﬁeration from the use of timber biomass | WOFkShOp
Speaker: José Luiz Bauer Chielle — Consultant FUNPAR/ITTO Project PD 61/99 3 /
? 2 - Opening of Rio Branco

12:00 - 14:30 Lunch

- 5 Workshop
14:30 Presentation of the Results from the Jari/Orsa Case Study FUNPAR/ITTO
Project - Increasing the Efficiency in the Tropical Timber Conversion and 3 - Talk by Dra. Rosana Caval=
Utilization of Residues from Sustainable Sources — Jari/Orsa Case
. Expositor: Aguimar Mendes Ferreira — Consultant FUNPAT/ITTO Project PD 61/99 : cante Santos SEMA/' MAC
16:00 —16:20 " | Coffee Break : ) — Rio Branco
16:20 - 18:00 Round Table: Use of timber biomass for energy generation 5 Al 5}
A 4 - Round Table — Rio Branco
Justiniano Neto ! — Executive Director-AIMEX
Sueo Numazawa : ) — Vice Chancellor UFRA WOkahOp
Augusto César Brasil — Assistant Professor UFPA '
Luiz Pinto Oliveira — Assistant Secretary - SECTAM
: Lucia Porpino * — Environmental Directorate - SECTAM
' Joésio D. Pierin Siqueira — Coordinator Project. PD 61/99 Rev. 4 (1)
Aguimar Mendes Ferreira — Forest Development Consultant Project PD 61/99

18:00 Closing 4




MANAUS WORKSHOP

Date: July 20, 2005

Location: SESI/FIEAM Building, Directors Room, 3rd
Floor, R. Joaquim Nabuco, 1919 — Center

HOUR EVENT !
09:00 Registration and reception
09:20 Opening:’
Jorge Garcez - — Assistant Director FIEAM
> Savio Mendonga — Executive Secretary Water Resources - SDS
Malvino Salvador — President of Sustainable Forest and Resources Agency - SDS
Joésio Deoclécio P. Siqueira — Coordinator Project FUNPAR, PD 61/99
Aguimar Mendes Ferreira -~ * — Forest Development Consultant FUNPAR, Project PD 61/99
09:30 Presentation of the Free Zone Green Program S
Speaker: Malvino Salvador — President of the Amazon Sustainable Forest and Business Agency
10:00 Use of the timber resources for electricity generation: Alto Solimdes
Speaker: Mariano Colini Cenamo — Consultant IGPLAN/FUNPAR/ITTO Project PD 61/99
10:30 - 10:50 Coffee Break
110:50 Technologies for energy generation using timber biomass
Speaker: José Luiz Bauer Chielle — Consultant FUNPAR/ITTO Project PD 61/99
12:00 - 14:30 Lunch
14:30 Presentation of FUNPAR/ITTO Project Executive Summary — Increasing the
Efficiency in the Tropical Timber Conversion and Utilization of Residues
from Sustainable Sources — Alto Solimées
Speaker: Aguimar Mendes Ferreira — Consultant FUNPAT/ITTO Project PD 61/99
16:00 - 18:00 Round Table: Use of timber biomass for energy generation
Participants: All speakers
18:00 Closing

PHOTOGRAPHS — MANAUS

5 - Opening of Manaus Waorkshop

6 - Overall View of Manaus Workshop

7 - Final Manaus Workshop Session

8 - Talk by Forest and Sus_fainable Busi-
ness Agency President Dr. Malvino
Salvador

9 - Talk about Energy Generation from
Biomass José Luis Bauer Chielle
FUNPAR/TTO 3

10-Talk about Alto Solimbes case study.
Aguimar Mendes Ferreira — FUN-
PAR/ITTO - Project PD 61/99

11-Final Session to Debate Project



Appendix Il

ABBREVIATIONS

% - Percent

°C ~Degrees Celsius

ABC - Agéncia Brasileira de Cooperagao (Brazilian Cooperation
Agency) >

AC - Acre (State of Acre) 7

AGEAC - Agéncia de Energia do‘Acre (Acre Energy Agency)
AIMEyx - Ass. das Indlstrias Exportadoras de Madeira do Para
(State of Para Association of Timber Exporter Companies)

AM - Amazonas (State of Amazonas) :
ANAC - Agéncia de Negocios do Acre (Acre Business Agency)
ASIMANEJO. - Ass. das Industrias de Manejo Florestal do Acre
(State of Acre Association of Forest Management Companies)
bar - Bar (measure of pressure)

BK -BK Energética

CCC - Conta de Consumo de Combustivel (Fuel Consumptlon
Account)

DBH - Diameter at Breast Height

CEAM - Companhia de Eletricidade do Amazonas (Electric Com-
pany of Amazonas)

CELPA - Companhia de Eletricidade do Para (Electric Company
of Pard)

CEPEA - ESALQ/USP - Centro de Pesquisa em Economia Aplica-
da/Escola Superior de Agricultura Luiz de Queiroz/Universidade
de Sao Paulo (Research Center for Applied Economics/ Luiz de'
Queiroz Agricultural School /University of Sdo Paulo
CETEMM/SENAI-DR- Centro de Tecnologia de Madeira e Movels/
Servico Nacional de Aprendizagem Industrial (Timber and Furni-
ture Technical Center/ National Industrial Training Service)

CDM — Clean Development Mechanism

CO, - Carbon dioxide

GOFINS - Contribuigéo para-Financiamento da Seguridade So-
cial (Social Security Financing Contribution)

COSIPA - Companhia Sidertriga do Paré (Steel Company of Paré)
CPATU - Centro de Pesquisa Agricola do Trépico Umido (Tropical
Rain Forest Agriculture Research .Center)

CPMF - Contribuigao Proviséria sobre Movimentagéo Financeira
(Temporary Financial Movement Contribution)

CSLL - Contribuigdo Sobre o Lucro Liquido (Contribution on Net
Income)

ELETROACRE - Companhia de Eletricidade do Acre (Electric
Company of Acre) (

EMBRAPA - Empresa Brasileira de Pesquisa Agropecuaria (Bra-
zilian Agricultural Research Company)

FIEAC - Federagéo das Industrias do Estado do Acre (State of
Acre Industry Federation)

FIEAM - Federagao das Industrias do Estado do Amazonas
(State of Amazonas Industry Federation)

FUNPAR - Fundag&o da Universidade Federal do Parana para o
Desenvolvimento da Ciéncia, da Tecnologia e da Cultura (Federal
University of Parané Foundation for the Development of Science,
Technology and'Culture))

GEMAF-Geréncia de Manejo Florestal (Forest Management Ad-
ministration)

h - hour >
ha - Hectare
IBAMA - Instituto Brasileiro do Meio Ambiente e dos Recursos:

Naturais Renovaveis (Brazilian Institute for the Environmental and
Renewable Natural Resouraes)

ICMS - Imposto Sobre Circulagéo de Mercadonas (State Value
Added Tax on Goods)

IMAG - Instituto de Meio Ambiente do Estado do Acre (State of
Acre Environment Institute)

IMAZON - Instituto do Homem e Meio Ambiente da Amazonia

(Amazon Environment and Human Institute)

IRR —.Internal Rate of Return

IPAAM - Instituto de Protecdo’/Ambiental do Estado do Amazonas
(State of Amazonas Environmental Protection Institute)

IR - Imposto de Renda (Income Tax)

ITTO - International Tropical Timber Organization
kcal = kilocalorie

kg - kilogram

kgf - kilogram force

km - kilometer

LCP - Lower Calorific Power

m3 - cubic meter

MIL - Madeireira Iltacoatiara Ltda

MME - Ministério das Minas e Energia (Ministry of Mines and En-
ergy)

MW - Megawatt

MWH - Megawatt hour

NCP - Net Calorific Power

NGO — Non-Governmental Organization

NPV — Net Present Value

PA - Paré (State of Pard)

PIS - Porgrama de Integracdo Social (Social Integration Pro-
gram)

PMB - Prefeitura Mun|o|pal de Belém (Mummpal Govemment of
Belém)

R$ - Reais g
RPM - Rotation per minute
SDS - Secretaria de Desenvolvimento Sustentével do Estado do
Amazonas (State of Amazonas Sustainable Development Secre-

!

tary

SEBRAE - Servico Brasileiro de Apoio a Pequena e Média Empre-
sa (Brazilian Support Service for Small and Medium Companies)
SECTAM - Secretaria de Ciéncia Tecnologia e Meio Ambiente do
Estado do Para (State of Para Secretary of Science Technology
and Environment)

SEF - Secretaria de Florestas do Acre (State of Acre Secretary
of Forests) ;

SEMA - Secretaria de Meio Ambiente do Acre (State of Acre Sec-
retary of the Environment)

SEMULSP - Secretaria- Municipal de Urbanizagdo e Limpeza
Publica de Manaus (Manuas Municipal Secretary of Urbanization
and Public Health)

SEPLANDS - Secretaria de Estado de Planejamento e Desen-
volvimento Sustentavel do Acre (State of Acre State Secretary of
Planning and Sustainable development)

SESE - Secretaria de Seguranga (Secretary of Security)
SUFRAMA - Superintendéncia da Zona Franca de Manaus (Su—
perintendent of Manuas Duty Free Zone)

t — metric ton (tonne)

UPC — Upper Calorific Power

UFAC - Universidade Federal do Acre (Federal University of
Acre)

UFAM - Universidade Federal do Amazonas (Federal University
of Amazonas)

UFPA - Universidade Federal do ‘Para (Federal University -of
Pard)

UFRA - Universidade Federal Rural da Amazénia (Federal Rural
University of Amazonas) S
UFV - Universidade Federal de Vigosa (Federal University of
Vigosa)

USIPAR - Usina Sidertriga do Para (Para Steel Mill)

ZEE - Zoneamento Ecolégico Econémico (Economic Ecological

Zoning)



Appendix IV

AMORTIZATION — Gradual payment. Consists of the ac-

counting recovery, of the invested capital in rights, costs, ex--

penses, or expenditures that will have effect in future years.
BARK - The exterior covering surrounding a tree.

BIOMASS -~ Biomass is all the organic material produced
~and accumulated in an ecosystem; however, not all primary
production goes on to increase the.ecosystem’s vegetable
biomass. Part of the accumulated energy is used by the eco-
system for its own maintenance.

BOILER - Equipment destined for the generation of stearn

for commercial, residential or industrial use.
CALORIFIC POWER —The amount of calories (in the form of
heat), which results from the complete combustion (burning)
"of one unit volume of gas. The calorific power is expressed
in Kcal/m3. Each fuel has its own calorific power that corre-
sponds to its combustible capacity to generate heat.
CARBON SEQUESTRATION — The revefsal of the accu-
mulation of CO2 in the atmosphere, aiming at the reduction
of the greenhouse effect, through the conservation of the car-
bon stocks in thie soil, forest and other types of vegetation.
CARBONIZATION ~ The process by which wood is sub-
mitted to a thermal treatment in an environment where the
temperature and pressure are éontrolied.
CASH FLOW — the receipt and disbursement of cash, in-
cluding: receipts, benefits, investments, depreoratron costs,
taxes and others.
" CHIP — A wood splinter or fragment that can be used for
' burnmg :
COMBUSTION Combination, generally rapid, oftwo com-

bustible and burnable substances, which Ilberate a large

amount of heat.

CROWN - Discarded industrial residue from the productive
process and thatin a majorrty of times is not sold and consid-
ered an environmental liability by industry.

DEFERRED ASSETS - Pre-operating expenses realized
during the implementation period

FOREST INVENTORY - A gualitative and guantitative in-

formation survey about existing forest resources in a deter-

mined area or enterprise.

FOREST RESOURCES - Forest resources are understood
to be-timber or non-timber resources present in natural or
replanted forests. -

GASIFICATION
biomass and other low- grade hydrocarbons into a clean gas
that permits energy generation, fuel, and chemroal or indus-
trial products. S

HAULING — Manual, semi mechanical or mechanical opera-
tion forthe removing of small pieces up to 2.2 meters of ma-
terial from the forest to the margins of the road.

INTERNAL RATE OF RETURN - IRR — This is the rate of

the conversion of coal, heavy oil, coke, .

GLOSSARY OF TECHNICAL TERMS

!

remuneration that an enterprise provides on the invested
capital. '

LOGS - Felled stems.

MANAGEMENT - the application of a program{for natural
or artificial ecosystem use based on solid ecological theo-
ries inaway of maintaining it, in the best possible way, for the
communities, as useful biological product sources for man,
as well as a source of scientific knowledge and recreation.
MARGINAL BIOMASS — Sub-products-generated in the
timber productive chain, in the diverse industrial transfor-
mation phases (no marketable value) from the forest up to
the industrial unit, such as forest harvest residue, non-mar-
ketable species and industrial residue. '

MULTIPLE USE MANAGEMENT PLAN — This is a plan-
ning and mariagement instrument for Conservation Units,
prepared after a due analysis of all environmental factors
and the resources to be managed.

NET PRESENT VALUE — NPV — this is the result of the

discounted cash flow to the present at a Minimum Accept-

able Discount Rate (MDR)

PAYBACK — Payback is the time necessary to recover the
investment made in any business. ]

PYROLYSIS ~ The chemical decomposition by heat in the
absence of oxygen.

SAW DUST - Discarded industrial residue from the pro-
ductive process and that in most of the time is not sold,
considered an environmental liability by industry
SHAVINGS - Discarded industrial residue from the pro-

. ductive process and that in most of the time is not sold,

considered an environmental liability by industry.
SKIDING - the mechanical operation of removing large
pieces of material from the forest to the margins of the road.
SLAB — Discarded industrial residue from the productive
process and that in most of the time is not sold, considered
an environmental liability by indystry

SLASHING - Segmenting the stems intoflogs with a length
of 1.10 or 2.20 meters.

SUSTAINABLE FOREST MANAGEMENT - Manage—
ment of forest fesources for obtaining products, sérvices
and economic or social benefits respectlng the mechanism
for its environmental subsistence.

SUSTAINABLE SOURCES - Resources that will be used
over a long time and renewable in a sustainable way.
TOPPING - The complementary work of tree slash corre-
spondihg to the transversal cutting of the tree.

WANE - The material resulting from the timber processrngp
operation

WORKING CAP!TAL A part ofa oompany s total capi-
tal, which by the dynamics of its movement becomes im-
portant in its administration. o

1
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€ de Melo Amb}ente do Acre (State of Acre Secretary of the Envrronment)
£EPLANDS Secretarra de Estado de Planejamento e Desenvolvrmento Sustentavel do Acre .
G tafe of Acre State Secretary of Plannrng and Sustarnable Deve]opment) :
SESE Secretarra de Seguranga (Secxetary of Welfare) \
- SUFRAMA — Superrntendéncra de Zona Franca de Manaus (Manaus Duty Free Zone Supe-’
rintendent) : ;

UFAC — Unrversrdade Federal do Acre (State of Acre. Federal Unlversrty) ;

UFAM Unrversrdade Federal do Amazonas (State of Amazonas Federal University)

UFPA Unrversrdade Federal do Paré (State of Paré Federal Umversrty) AT s Al

UFRA Unrversrdade Federal Rural da Amazonia (Amazon Federal Rural University)
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