THE ENERGY POTENTIAL OF WOQOD
INDUSTRY RESIDUES FROM WOQOD
PRODUCED WITH SUSTAINABLE FOREST
MANAGEMENT PRACTICES
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The Globa Environment Fecility (GEF), through the Instituto Pro-Natura, has been
developing a program whose purpose is to mplement Sustainable Forest Management (SFM) in
the northwest region of Mato Grosso State, which includes the following municipdities  Juina,
Cagtanheira, Juruena, Cotriguact, Aripuand, Colniza and Rondolandia  With the intention of
supporting and complementing Pro-Natura's activities, the present project, funded by the United
Nations Fund (UNF) and coordinated by the Instituto Nacional de Eficiéncia Energética (INEE),
ams to assess the technicd, economic and financid feadhility of dectricity generation in the
above-mentioned region from resdues derived from SFM practices in the wood products
industry. It dso seeks to study possible obstacles and opportunities as well as to propose the
necessary measures for its future replication in other locdities in the Amazon region that do not
expect to be connected to the Brazilian Nationd Interconnected System (SIN).

Pro-Naura's surveys and research demondtrated that the practice of Sustainable
Forex Management is ill incipient in the <udied region, where timber is predominantly
harvested without proper management and lumber is widely used from both legd (up to 20% of
property areas in the Amazon region) and illegd logging. In a pessmigic scenario, the
previoudy cited GEF project would not achieve its objectives and the dtuation would remain
largdy unchanged, i.e, the prevdence of a frontier culture, characterized by the search for high
short-term gains a the expense of forest resource degradation.  In such a scenario, the project
would be unfeasible due to the unavailahility of residues produced from SFM practices.

An asessment of the dectricity infradructure in the region showed that presently
these sysems ae dl isolaed from the nationd network. Only the Juina and Castanheira
municipaities are in the process of being interconnected by 2004 and are thus excluded from the
present study’ s scope.

At that point, five wood products industry clusters and sub-clusters were identified
and confirmed as potentid dtes for a Pilot Plant. The “Mulitatribute Utility Function”
methodology was used to rank these areas based on fundamenta premises (native forest
preservation, human settlement, replication), quantitative criteria (quantity of subgtitutable diesd
oll, quatity of resdues from SFM practices, net dectricity edimate) and quditative criteria
(locd government support, presence of a wood products industry association, space availability
for the project).  These criteria were developed based on interviews with project team members
while taking into consderation the above-mentioned premises.  As a result, Rondolandia — Pdlo
70 ranked firgt, followed by Juruena-Cotriguact!, Colniza, AripuandIMADEX and lasly,
Aripuand— the municipa sedt.

Additiona research and surveys rdated to PAlo 70 reveded drying to be an important
factor in characterizing dectricity consumption, and consequently, in making dectricity
generation from resdues an economicaly and financidly feesble activity. It must be noted tha
the P6lo 70 sawmills do not use kiln driers since timber is only sawn locdly, and later shipped in
planks to J-Parand, a municipdity in the neighboring state of Rondénia.  Once dried, the wood is
subject to the production and complementary finishing processes for eventua sale. Nonetheless,
mogt of the sawmillsin the area support the idea of building a Centrd Drying Plant (CDP).

! Both municipal seats were considered as a single cluster from the el ectricity perspective, due to the interconnection
planned by the local utility company, CEMAT.
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It was dso shown tha inddling a Centrad Drying Plant together with the Power
Generation Plant offers the enterprise a greater return and permits leveraging long-term financiad
resources to provide that service as well. This would give local sawmills the opportunity to begin
a cyde of modernization and verticdization while usng a smdler initid amount of ther own
resources. Without the drying plant, sawmill owners would have to bear expenses and
investments far greater than the amount paid to the CDP for the service in order to reach the same
objectives individuadly.  Moreover, with the drying plant, the project’s profitability will offer the
paticipating sawvmill owners an additiond gan for invedment in ther busness development.
Hence, the Filot Plant was defined as a Utility Plant that includes a Power Generation Plant
(Electricity and Steam) and a Centra Drying Plant.

The Power Generation Plant’s dimensioning was based on estimaes of the maximum
and average demands, the annud energy consumption of the sawmills the CDP and the
municipd seat (Rondolandia), and the Centrd Drying Plant's steam consumption based on the
Reference Energy Scenario®. After the available technologies were analyzed and the budgets for
the various technica options estimated, the following configuration was established:

Power and Steam Plant: Bailer -15tgh,
Extraction Condensing Turbine—1250 kW
Elevating Subgtation - 440/13.800 V.
Residue Callection Equipment

Centra Drying Plant: 22 50 m® dryers (Reference Scenario only)
Supply shed
Stackers

Clugter’s Electricity Digtribution Network

Congdering that none of the sawmills in Rondolandia could undertake this project
done, tha the paticipation of inditutiona agents in the company owning the Utility Plant is
highly encouraged from the socid environmentd points of view, and further consdering the
posshility of atracting venture capitd, this study recommends that a joint stock corporation be
formed to build and operate the plant. The plant’s private shareholders, preferably the sawmills
themsdves, should hold the contralling interest.  The company’s aticles of incorporation,
including shareholder agreements, if necessary, will define the organization's man objectives,
and the paticipation of representatives from the various interested parties in the Board of
Directors will ensure that these objectives are fulfilled.

The following main paraneters were determined for the projects economic and
financid assessment:

Vaiable assumptions. energy sdes price, drying service price, amortization periods,
interest rates, purchase price of resdues from SFM, Vaue-Added Tax on Sdes and
Services (ICMS), investment values and cost of diesd-based sdlf-generation,;

2 Reference Scenario: assumes growth in the volume of sawn timber due to the increase in sawmill operating hours;
50% of the sawn wood isdried in thefirst year, increasing to 80% by the third year.
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Fixed assumptions. Exchange Rate (US$1.00 = R$3.60), inflation (0%), resource
dructure (20% capitd, 80% funding), discount rate from sawmill cash flow (25% per
year), additiond payment by sawmills for SFM-based timber (R$ 15,00/nt), CCC
resources’ (R$ 0) and grace period for loans (2 years).

Based on the Reference Scenario, dternative scenarios representing a variety of
possble dtuations were anadyzed to ensure an adequate economic and financia assessment.
Theseinclude:

0 Scenario with Accelerated Drying (reaching 100% by the third year);
0 Reference Scenario with no increase in operating time of the sawmills;
0 Reference Scenario with no drying plant (eectricity production only).

The following aspects were consdered as basdine hypotheses: energy sdes price -
R$350.00/Mwh; price of drying - R$70.00/nT; interest rates and amortization period” - Eletrobrés
and others - 10% per year and 10 years BNDES/Agents and others 8% and 8 years, resdue
purchase price - R$ 0.00/nT, ICMS tax rate -25%:; investment — estimated budget value®; cost of
sf-generation - R$ 600.00/MWh.

Congdering the above-mentioned basc hypotheses and a financid dtructure geared
towards the conservative scenario described below, the following table summarizes the results of
the above scenarios, from the point of view of sawvmills, project investors, financid agents and
governments:

3 ccc: Portuguese acronym for Fuel Consumption Account (Conta de Consumo de Combustiveis): In isolated
systems CCC resources may be applied for investments in undertakings that aim to substitute fossil fuel-based
generation, upon authorization or concession. However, ANEEL only authorizes in the case of installed power
above5 MW .
Interest Rates and Amortization Periods: the conditions in the conservative financial model were applied to the
No-Increase-in-Time Scenario; the Conservative and Intermediate models were applied to the Reference Scenario;
and all three models were applied to the Optimistic Scenario. The Conservative scenario was adopted to determine
the reference hypothesis.
Estimated Investment Value: Reference Scenario, Accelerated Drying and No Increase in Operating Time -
R$9,932,831; No Drying— R$6,514,226.
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Tablel

RESULTS OF ECONOMIC AND FINANCIAL ASSESSMENT

Results Baseline | Accelerated | NolIncrease [ No Central
in Operating | Drying Plant
Reference Drying Time
Plant:
Internal Rate of Return—IRR (12 years) 31.7% 43.3% 17.4% 8.1%
Payback Period - years 16 16 1.7 >12
Debt Service Coverage Ratio (year 1) - years 2.8 42 20 15
Debt Service Coverage Ratio (average) — years 6 16 18 22 13
Sawmills (in R$):
Net Present Vaue— NPV (25% per year),w/ share interest 1,628,360 2,696,528 | 1,983,001 1,334,197
Net Present Vaue— NPV (25% per year), no shareinterest 1,589,756 2479416 | 2,369,200 1,758,289
Difference (Basic w/ share interest) 0 1,068,168 354,641 (294,162)
Governments (in R$):
Service Tax - 1SS (Municipal) 691,187 708,732 523,404 0
Vaue-Added Tax on Sales and Services- ICMS (State) 3,644,848 3428104 | 2933040 6,239,006
Income Tax + Social Security Contribution (National) 5,212,469 5173458 | 3,218,631 1,807,612

From the shareholder/investor point of view, the firg three scenarios are dl feashble
(the second one is more optimigtic and the third is more conservative compared to the Basdine
scenario).  For the sawmills holding a share interest in the plant, the best scenario among these is
that of a Accderated Dring. All of the above scenarios, however, under the reference hypotheses,
would offer shareholders significant results as compared to the dterndive of investing their own
resources in individud drying units in Rondoléndia. The table dso shows the municipd, sate and
federd government gains from the respective taxes accumulated during the fird 12 years of

operation.

The following table shows the variations in project’s financid result due to changes in
the variable assumptions, compared to the Basdline scenario.

® For the Debt Service Coverage Ratio in Table 1, the term “average” refers to the arithmetic mean of the values

from year 2 to the last debt payment.
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Table?2

SENSITIVITY ANALYSS

Simulated Parameters Central Plant Results Sawmill Results
(R$)
. IRR | Period | Coverage| NPV NPV NPV
Description Vaue (%o py) | (years) | Retio |w/shareint. no shareint.|Difference)
Energy 385 34.5% 1.8 1.8 1403187 | 1,284,917 | 118,269
(REYMWH) 350 31L.7% 1.7 1.7 2317127 | 22718523 | 38,603
315 28.8% 1.7 1.7 1853533 | 1,894,595 | (41,063)
Seasoning 7 38.0% 1.9 1.9 1294486 | 1077151 | 217,335
(RE/NT) 70 31L.7% 1.7 1.7 2,317,127 | 2,278523 | 38,603
63 25.3% 1.6 1.6 1,962,234 | 2,102,361 | (140,128)
ICMS 25 31.7% 1.7 17 2,317,127 | 22718523 | 38,603
(%) 20 31L.7% 1.7 1.7 1818884 | 1,780,280 | 38,603
Investments 9833 39.2% 1.9 1.9 1815859 | 1,589,756 | 226,103
(RS mil) 10925 31L.7% 1.7 1.7 2317127 | 22718523 | 38,603

12018 | 252% | 15 15 | 1434074 | 1589,756 | (155682

ELB Funding 10%-10 years| 31.7% 1.7 1.7 2317127 | 2278523 | 38,603

Other Funding 12%-6 years| 25.2% | 2.7 2.7 21359013 | 2278523 | (142,610)
Dioeel Gereration 860 | 3L7% | L7 | L7 | 3005804 | 2967200 | 38608
RIMWH) 800 | 3L7% | L7 | 17 | 2317127 | 227853 | 38608
540 | 3L7% | L7 | L7 | 1628360 | 1589756 | 38603
. 0 7% | L7 | L7 | 231707 | 227853 | 38608

M R Y 1 Y Y H
SF (Ryﬁsc)’“% 15 274% | 16 16 | 2527130 | 2610734 | (83,603)
0 0% | 15 | 15 | 2737134 | 2942944 | (205810)
7% | 17 | L7 | 2317127 | 2278523 | 38603

Table 2 shows tha the results obtained by the plant are more sengtive to variations in
drying prices and investments than in energy prices The sawmill IRR (at a 25% annua discount
rate) shows a sharper variance with the avoided sdf-generation cost.  Occasiond tax reductions
linked to SFM may contribute to the project’ s feasbility, and indirectly, to SFM itself.

The greatest obstacles to the implementation and replication of the project — aside
from the inherent culturd difficulties of the Brazilian business environment and especidly of the
locd indudtry executives — are concentrated in the financid, environmenta and regulatory aress,
as well as in the dectricity sector.  Among the impediments to finandng amdl-sized cogeneration
projects in Brazil are the currently high interes rates, a high rdative transaction cost and the
regulatory risks inherent in the eectricity and environmental sectors, particularly when associated
with logging, in addition to the conservative character of the country’s commercid bank sector.
These risks increase due to the low capitdization rate of the wood products indusiry and the
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consequent difficulty of firms to participate in projects with a more sgnificant shere of their own
capital.

The three scenarios consdered when choosing the Project’s funding and structure are
summarized below:

|. Conservative: dthough moderate (grester than 15% per year, discounting inflation),
the internd rate of return would be adequate for the minority participatiion (<50%)
of Eletrobrés, which could dso act as a source of loan financing. The principa
equity share would be hdd by the actud sawmills in the cluser and complementary
credit would come from the BNDES/Agents. The feasibility of the project for these
federd indtitutions is judified not only by the demondrated return, but adso and
notebly by the god of universaizing dectricity sarvices and  implementing
sugtainable development in isolated areas of the Amazon region, where widespread
replication is possible.

[l1. Intermediate Once an adequate medium return has been assured (grester than
25% per year), the project may attract the GEF Guarantee Fund, which guarantees
50 to 75% of the funding. Complementary guarantees would be condtituted of
energy and drying plant assets. Through this modd, a project portfolio could be
developed to guarantee financing from BNDESAgents and other banks.

I1l. Optimistic: The return (over 40% per year) is conddered high and is compatible
with the risks — that done will attract private venture capitd. Share interest would
be divided between the sawmills and a drategic partner in order to dlow financing
from BNDES and others.

The environmenta legidation reaed to foret resources is consdered adequate
enough to ensure sustainable economic use and conservetion of the foredt. The problem,
however, lies in how to goply these laws as the Amazon region makes it difficult for various
reasons, including the size of the regon to be monitored, the high vaue of the tree species found
there and the low cost of extraction through deforestation, in addition to the high vaue of cleared
aess for catle rasng. The Rlot Plant's implementation, together with the GEF-Pronatura
Project, may contribute to revert this current picture, as it will prove tha SFM resdue-based
generdtion in  conjunction with locd drying is feasble and will devdop the necessay
mechanisms for the its replication in other wood products industry clusters in the Amazon
region.

In the eectricity sector, Law #10.438/2002 and the associated Decree #4.541/2002
crested incentive mechanisms for using dternative energy sources and for  universdizing
dectricity sarvices that may contribute to disseminaing dectricity generaion from wood
resdues in the Amazon region. However, the isolated sysems CCC, a potentidly important
source of financing for the project, benefits only those projects authorized by ANEEL, which,
according the interpretation of the sector's legidation, only grants authorizations for
thermaldlectric plants that produce more than 5 MW of power. Yet in the isolated systems of the
Amazon region mogt of the thermddectric power generation fals under this limit.  Eletrobréas
minority interest in generation projects, according to Article 22 of Law #10.438/2002, adso
depends on ANEEL’ s authorization.
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In sum, despite the identified risks, it is clear that generation from wood resdues
produced from SFM practices in the Amazon can be made feasble. The following actions are
recommended towards this end:

" Dealling and implementing the Rlot Plant with the greatest interes possble from

wood products industry owners and indtitutional investors;

Carry out the necessary regulatory measures in order to extend the benefits created
for dternative sources and service universdization to projects of less thano 5 MW
in the isolated systems of the Amazon region.

Bring together the Minidry of Mines and Energy and the Minigry of the
Environment to ensure the link between resdues for generation and eectricity
generation, on the one hand, and to speed up the environmenta licensng process
on the other.

Ensure support specificaly for SFM implementation in the pilot project's area of
influence,

Theresulting socid bendfits are:

Reinforcement of the use of sudanable fores management in conjunction with
loca timber production, the only possble way to link economic activity with
forest conservation.

The «Hf-sugtained economic activity will leed to permanent settlement of the
population.

With the populatiion’s permanent settlement, the creation of schools and urban
dructures will increase as the presence of the indudtria activity increeses in the
region.

The veticdization of locd indudries, which is only possble with proper
eectricity supply and wood drying services, will necessaily lead to technologicd
improvement in the indudrid process and consequently, a need to cultivate
manpower and improve the economic Situation of the population as awhole.

The rdationship between the population’'s permanent settlement and sustainable
management will hat the process of predatory exploitation, whether from timber
companies not dedicated to sustainable management or from cattle ranchers and
faming activities the latter beng dgnificantly more predatory then the firgt
source of deforestation.

Bariers to tranforming the region into a coca-producing area, as has aready
occurred in the Bolivian, Peruvian and Colombian Amazon.

As an ovedl result, the problems caused today by the unused potentid of wood
resdues will dissppear, and this currently negative externdity will be trandformed into a postive
gain for the region.
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1. SUBJECT

The present Annex offers a summary of the conclusons dravn from the technicd,
economic and financid feasbility study undertaken for the proposed dectric power and centra
drying plant project. The plant will have the cagpability to burn resdues derived from industria
processes of the wood products industry , assuming the timber extracted is a result of sustainable
foret management practices. This study was developed with funds from the United Nations
Foundation.

Currently on the production side, wood resdues ill represent a burden for most of the
indudtries established in the studied region. They are disposed of by uncontrolled burning which
maximizeslocd pollution..

On the dectricity supply sde, the referred region (see item 2 below) lacks adequate supply
gance it contains only isolated sysems operating on diesd oail, with no connection to the Nationd
Interconnected Power System (SIN).  Only two municipdities, Juina and Cagtanheira, are
scheduled © be interconnected to the System by 2004. No other connections to the basic nationa
electric network are expected. An inter-municipa connection between the isolated sysems of
Cotriguagu and Juruena is being made.

The inadequate supply of dectricity, both in qudity and in quantity, redricts the posshilities
of the wood processing indudtries to add vaue in the region. As a result, most manufacturers —
with few exceptions — are forced to limit their loca activities to timber extraction and sawing.
The sawed timber — frequently ill unseasoned in its green dae — is then shipped to the
repective indudrid centers where find processng takes place, including drying and find
production. In addition, this combination of circumstances has forced some industries to come
up with ther own energy solutions, whether diesd-based or through combustion of their own
resdues. Some of these industries, moreover, act as Independent Energy Producers and <dl
energy to other nearby sawmills or to the small communities formed by their employees.

Summarizing, the sudy’s main emphass is on forest conservation.  Undoubtedly, logging is
a predatory activity in its essence as it requires cutting down trees, and can only change in
character if it is reinvented under an extensive sustainable forest management program.

Sustainable forest management is a practice that uses a st of techniques to map harvesting
aress, identify an ared's timber and other resources, and outline a rotationa program in which the
harvesing area is divided into quadrants and fdling tekes place sequentidly: after the firg
quadrant is exhaugted, the next quadrant is logged while the firg is reforested and so forth, until
the cycle is completed. This technique prevents the forest from dissppearing or losng much of
its biodivergty, in addition to keeping it economicdly active and ensuring the long-term survivd
of indudtrid activity. It dso offers an dternative solution to the congtant migration of businesses
searching for new areas with standing trees — a migration tha is motivated by the rgpid depletion
of good-qudlity timber.

Consequently, the study seeks to show sawmill owners who practice sustainable forest
management that they can take advantage of the residues generated from their own production by
using it as raw materid to generae dectricity - a process that will not only eiminate a burden,
but will transform it into a source of more income, insomuch as
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the current energy shortage will be resolved since dectricity may be both produced
and consumed by the same facility;

eectricity and steam used for drying and cutting the harvested timber can be
cogenerated, an important bass for increasng the processing the industry’s wood
production;

it promotes additiona revenue when surplus dectricity can be produced and sold.

Whether it is sold to CEMAT or to nearby sawmills, the surplus gives industry
owners the possibility to become Independent Energy Producers.

2.  AREA OF INFLUENCE

The project’s area of nfluence was divided into two parts according to type of influence
(direct and indirect). The area of direct influence, in which the entire study was developed,
corresponds to the extended region and includes the following municipdities Juina, Cagtanheira,
Jurueng, Cotriguagl, Aripuand, Colniza and Rondoléndia  The second part, the area of indirect
influence, comprehends the remainder of the Amazon Region, in which the project may be
regpplied in areas that are predominantly used for logging and that a the same time suffer a
shortage of eectricity supply.  This shortage is compensated, furthermore, by the combustion of
diesd oil within isolated systems.

The area of direct influence was sub-divided into 4 clusters and 3 sub-clusters, as follows;

The Juina— Castanheira Clugter;

The Juruena— Cotriguactl Clugter;

The Aripuand — Colniza Clugter, which is further divided into three sub-clusters
(Aripuand— municipa headquarters, Aripuana- IMADEX and Colniza);

The Rondolandia Clugter.

The sub-duster Aripuand — IMADEX includes the area occupied by the timber company
IMADEX, located 80 km from municipd headquarters. In addition to the IMADEX sawmiill,
there are two other sawmiills in the sub-clugter, with a community of approximately 1000 people.
All of the eectricity supply is based on diesd.

3. SUMMARY DESCRIPTION OF THE AREA OF DIRECT INFLUENCE
The following aspects provide a basic description of the area of direct influence:

Loca population growth is a direct function of the wood products indudtry , and is
epecidly dgnificant in the municipdities located near the expanding frontier of
havesing aess (Aripuand, dill incduding the Colniza and Rondolandia
municipdities, and Cotriguactl). Conversdy, in aress where the industry begins to
decline, so does the resdent populaion. (See Castanheira and Juruena in Table
3.1);

The wood products industry stands out since it dominates economic activity in the
entire region;
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The trangport infrastructure in the study area is precarious. Unpaved roads offer
the only option for circulating goods and passengers, which becomes difficult or
impossible during the rainy season (see Table 3.2).

Published in 2001 by the Depatment of Planning and Generd Coordination of Mato
Grosso State, the study entitled “Diagnostico Socio Econdmico Ecolégico do Estado de Mato
Grosso”’ offers a sgnificant contribution with regard to the areds man economic activity:
timber extraction.  The report presents a worrisome picture in terms of the activity's
udanability, dnce it shows that most industry executives seek short-term  gains, ae
uncommitted to the foret’s conservation and are responsble for the rapid depletion of the raw
meateriad (wood). In summary, this officid document revedls the following Stuations:

Intense migration due to the rdatively low invesment needed for tree fdling, on
the one hand, and because of the high sdes vaue of timber, on the other. This
gtudion offers fast gains a the same time that it provokes premature exhaustion
of the exploited area, followed by immediate relocation to new aress rich in raw
meterid;

A predominance of indudries engaged in logging through unorganized forest
clearings, an eactivity that predominates over other indudries that use their own
netive forests;

The presence of a service provider cdled extrator de toras — literdly, a “log
extractor” — who, when not engaged in illegd feling, tekes advantage of any
legidation tha may dlow clearing of subgtantid parts of a determined forested
ared's vegetaive cover to sl feled timber to lumber companies  This kind of
sarvice provider is more common than the “forest producer”, who, dthough aso
fdls timber as a service provison, respects and practices sustainable forest

managemen;
A gradud reduction of the number of extractive activities based on sustaindble
management;

Sixty-four percent of industry wood suppliers are engaged in predatory practices
(46.4% are farmers and 17.6% are “log extractors’) and only 11.4% supply timber
from owned properties, though not necessarily based on adequate management.

The average time edimated for maintaning logging activites & a commercid
scaein the area of influence is no more than 8 years,

" The Mato Grosso State Ecological and Socioeconomic Diagnostic
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INSTITUTO
NACIONAL
DE EFICIENCIA
ENERGETICA

TABLE 3.1- POPULATION GROWTH

POPULATION
POPULATION | POPULATION CENSUS
MUNICIPALITIES IN 1991 IN 1996 RESULT GROWTH (% per
year)
Aripuana 13,614 16,764 27,493 8.122
Castanheira 8,362 8,294 7,756 - 0.832
Colniza*
Cotriguacu 4,758 8,481 15.546**
Juina 36,581 32,221 38,026 0.431
Juruena 5,956 4,468 5,464 - 0.953
Rondolandia*
REGION TOTAL 64,513 66,505 87,220 3.407
STATETOTAL 2,027,231 2,235,832 2,498,150 2.348
Source: Mato Grosso Annual Statistic Report—2000 *|ncluded with Aripuan& **From 1996 to 2000

TABLE 3.2- ROAD TRANSPORT

a) Road Conditions (km)

ROUTE LENGTH PAVED BASE COURSE
Juruena-Cotriguacu 52 0 52
Juruena-Colniza 145 0 145
Juruena-Aripuana 105 0 105
Juruena-Juina 105 0 105
Juruena-Castanheira 90 0 90
Juruena-Cuiaba 680 20 660

b) Approximate istance to Cuiaba (km)

MUNICIPALITIES DISTANCE

Aripuana 1,195
Castanheira 825
Colniza 695
Cotriguacu 562
Juina 805
Juruena 637

Rondolandia 1,395

Source: Road Map of Mato Grosso - 2001
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4. ENERGY INFRASTRUCTURE

Within the area of direct influence, only Juina and Castanheira will be connected to the
nationd grid by 2004. All other municipdities condst of isolated sysems based on diesd
generation.  Except for Juruena and Cotriguacl, between which CEMAT is implementing a line
to form a lager isolated system, dl other municipdities supply only ther respective municipd
seats. The Eletrobras TenYear Plan (Plano Decenal) foresees a connection between Juruena and
Aripuand that would create an isolated macro-system (Juruena-Cotriguact-Aripuand).  Although
such connection isincluded in CEMAT s current plans, there is no starting date scheduled as yet.

The tables provided below ouitline the regiond energy supply and diesel oil consumption:
" Table4.1- Increase of dectricity consumption by CEMAT customers,
Table 4.2 - CEMAT energy supply capecity;
Table 4.3 — Savmill sdf-generated eectricity supplies, whether for own use or third-party
consumption in cases of surplus,
Table 4.4 - Died ail consumption by CEMAT and the sawmill industries.

TABLE 4.1 - AREA OF DIRECT INFLUENCE
ELECTRICITY CONSUMPTION INCREASE

1998/ 2001
(kWh)
GROWTH
MUNICIPALITY 1998 1999 2000 2001 RATE (%
per year)
Aripuana 7,425,772 9,146,673 11,025,981 | 15,246,993 27.10
Castanheira 2,901,303 2,633,037 2,689,151 2,952,554 0.58
Colniza* N/A N/A 1,075,948 2,060,630 97.50
Cotriguagu** N/A 1,595,289 2,198,202 2,653,797 28.98
Juina 23,072,895 | 24,109,084 | 27,567,395 | 31,853,140 11.35
Juruena 3,439,068 3,413,787 3,470,929 3,951,880 4.74
Rondolandia*

Source: CEMAT

* The Colniza and Rondolandia municipalities were not included with Aripuand
**The Cotriguagl municipality was not included with Juruena.
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TABLE 4.2 - AREA OF DIRECT INFLUENCE
CEMAT ELECTRICITY SUPPLIES*

ENERGY CAPACITY
MUNICIPALITY SOURCE COMPOSITION (KVA) COMMENTS
4 units support the
. . , 250 current load; 1 unit
Juruena Dies ail 7 units each operates during peek
hour
1 urit 405 M cormend
Cotriguagt Diesd ail 3 units 375 each .’
2 units 325 each Maxdimum cemend
1,060 kVA
1 unit 1,800
Diesd ail 2 units 250 each
, ~ 2 owned units 450 each
Aripuana Smadl Hydro Surplus from the (600 kW during
Plant (SHP) | MadereraFaxinal | the day 300 kW at
timber company night)
Operating 200 kVA:
3 units permanently
Colniza Diesd ail 6 units 375 kVA each operating,
lunitonat 3 p.m,
another at 6 p.m.
Serves only the
_ _ ' _ i% kka municipal headquarters;
Rondoléndia Diesd all 4 units 80 kw does not supply the two
200 kw industrial clusters (Pdlo
70 and Paraelo 100)

*Since Juina and Castanheira will soon be connected to the South-Southeast-Middle West Interconnected Sysem (Sstema
Interligado Sul-Sudeste-Centro Oeste), these two municipalities are not shown in the Table.

SOURCE: CEMAT

TABLE 4.3 - AREA OF DIRECT INFLUENCE

ELECTRICITY SELF-PRODUCED ENERGY SUPPLIES*

MUNICIPALITY PRIMARY SOURCE 'NSTA'(-lLOEgﬁ/AAF;AC'TY
Juruena Fuel wood and wood residues 4.25
Cotriguact Diesdl oil and wood residues 0.82**
Aripuand Diesd ail and smadll hydro plant 3.26
Colniza Diesdl oil and wood residues 1.43%+*
Rondoléandia Died ail 1.86

* |nformation obtained only from companies visited.
about 10 timber companies and asmall community.

-14-
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TABLE 4.4 -DIESEL OIL CONSUMPTION

(liters/ year)

LOCATION CEMAT SAWMILLS TOTAL
Juruena - Cotriguacu 2,654,996 357,333 3,012,329
Aripuana - IMADEX 0 250,133 250,133
Aripuana - municipa 362,843 296,587 659,430

headquarters

Colniza 789,118 357,333 1,146,451
Rondolandia— Paralelo 10 0 321,600** 321,600
Rondolandia— Pélo 70 0 554,921** 554,921
Total 3,806,957 2,137,907 5,944,864

* Annual consumption levels considered (in 2001, there were only 9 months of consumption).
** The evacuation of Paralelo 10 was considered in the value estimates.

5. RESDUE PRODUCTION

The Instituto Pro-Natura (IPN), a co-participant of the present project responsible for
the foredt-related assessments, is developing an extensve dudy in the area of direct influence
with the support of funds from the Globd Environmentd Fecility (GEF). The study ams to
advise regiond timber industry owners on the practice of sustainable forest management, and
also hopes to create a conservation awareness that will bring together various stakeholders who,

given the possibility to generate energy from resdues, will effectively complement each other:

on a globa scde, towards the goa of preserving the last tropicad forest on the
planet that has not yet been completely destroyed by human activity;

on anaiond scae, towards the same god;

in benefit of the wood products industry owners who are committed to the long
term survival ther enterprises - by eventudly trandforming it into a sudanable
activity that will prevent the premature exhaustion of resources and creste the
necessary conditions to dlow its continuous operation;

in benefit of locd inhabitants - by supporting their livdihoods, the possibility of
veticdizing locd industries and hence increesng employment levels, which will
help the local population establish itself and evolve economicaly;

in favor of the state — induding the municipd, State and Federd levels — through
sudainable and tax revenue increases resulting from the continuity and the
possible verticdization of the wood products industry.

In its study, IPN developed diagnostics for the wood products industry in 7 municipdities
included in the area of direct influence. As a reault, the organization was able to evduae the
different perspectives of wood residue production derived from sustainable forest management
practices during a5-year span, as shown in Table 5.1.
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To prepare estimates for the next 5 years, two scenarios were consdered. The first
assumed the entire project eaborated by IPN in the region to be unsuccessful, and thus
maintained the current Stuation described in the Diagnogic published by the Department of
Planning and General Coordination of Mato Grosso State (see item 3 of this document). The
second scenario was more optimistic and considered the GEF Program objectives — as described
in this item — fulfilled.  The vaues presented in the Table obvioudy represent results obtained
through the second, more optimigic scenario, since the fird gpproach, if redized, would
effectively cancd out the present project as it does not permit the supply of residues to be derived
from sustainable management practices.

The following conclusons were drawvn from upon consdering the possibility of the firg
scenario taking place:

a. In Aripuana

There will be an increase in the number of Sustainable Foret Management Plans
(PMFSs) in the municipdity with the addition of two more companies (tota of seven).
These two timber companies are currently logging without a PMFS, each exploiting an area
of 1000 ha per year. This addition will consequently increase the volume of timber extracted
through sustainable forest management plans to a tota of 44,000 m® of logs per year, or
22,000 m2 of supplementary residue.

As for IMADEX, if the company began to rely on other sources of energy from locd
reSdue-based dectricity generators, it would be &e to increase its industrid wood
processing capacity. The company, however, has no access to other forest resources that
would dlow expandgon of its own propety under sugtainable management. The other
companies located in its proximities do not have their own forest properties and obtain their
wood from clearings made by surrounding settlements. It is therefore unredigtic to expect an
increese in volume of resdues from sudainable foret management practices in the short
term.

b. In Caganhara

There is no posshbility of increase under managed areas. Only one company operatesin
the area and it has no plans to expand its volume since the municipdity’s forest resources
have been exhausted.

c. In Calniza:

The number of Sugtainable Forest Management Plans is expected to double to a tota of
four. The new additions include Lunarddli, with an area of 1800 ha per year under a PMFS
(in preparation) and another company with 1000 ha per year (under consderation). These
additions will cause an increese in the volume produced through sudainable forest
management plans of 61,600 m3 in logs, or 30,800 m? of residue.

d. In Cotriguagu:

There will be an additiond three areas under PMFS (tota of eight), including a project in
the indigenous area Escondido, with 1500 ha per year, and two other PMFS's each of 800 ha
per year.  This will lead to a 68,200-n?® increase in the volume of managed raw materia
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(3100 haat 22 m3/ha), which trandates into about 34,100 m? of residue.

e InJuina

The implementation of a PMFS in an indigenous area (ill under discusson and currently
in technical bid) will permit 2000 ha per year to be harvested under the PMFS. This addition

will increase the volume of managed raw materid by 44,000 m?® of logs, or 22,000 m® of
residue.

f. In Juruena:

No increase is expected in number of PMFSs.  Yet if the main loca company, Rohden,
focuses its commercia drategies on obtaining FSC certification, there may be an increase in
the volume of managed raw materid through third-paty PMFS's (which includes community

management), with an increase in log volume of 20,000 m# (which will generate an incresse of
10,000 m? of residue).

g. In Rondolandia:

At the present moment, activities in Rondolandia boil down to mere log-sawing sheds,
from which planks are shipped to J Parand for other applications. With improved energy
avalability and the inddlation of drying equipment, sawmills ae likdy to verticdize with
more processing in the clugter. In such context, the industries established in Rondolandia will
begin absorbing the totd volume of logs extracted from locd PMFSs, which are aso
expected to increase in number.

An increase in the volume of raw materid derived from managed sources of 85,000 m? of

logs (or 42,500 m? of residue), may occur if assets are transferred to Polo 70, where the
increase would actudly take place.

h. Resdue availability:

In order to esdimate the potential availability of resdues for energy generation, a 50% rate

was goplied genericdly to the log volumes estimated above. The results are shown in Table
5.1.

-17 -



INSTITUTO
NACIONAL
DE EFICIENCIA

ENERGETICA

TABLE 5.1 - AREA OF DIRECT INFLUENCE
ESTIMATES OF RESIDUE VOLUME PRODUCED BY THE WOOD PRODUCTS
INDUSTRY THROUGH SUSTAINABLE FOREST MANAGEMENT

LOCALITY CURRENT ES(TS';\,"e':rTS)ED INCREASE
Aripuana 16,070 38,070 136%
Colniza 7,850 38,650 392%
Cotriguagu 33,460 67,560 102%
ina 15,683 37,682 140%
Jruena 15,100 25,100 66%
Rondolandia 10,700 53,200 397%
TOTAL 98,863 260,262 163%

Cadculations of the values expressed in Table 5.1 were based on surveys undertaken
by IPN. The volumes were dso evauated during Ste vidts that reveded consstently greater
quantities of total resdue (in Rondoléndia, up to 28,000 tons per year, which is compatible with
the etimated difference from its current volume to the volume in 5 years as shown in Table 5.1).
This shows that a large part of the resdues are ill produced from other extractive — though not
necessily illegd — activities.
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1. PURPOSE

The purpose of this annex is to offer a methodology for choosng the thermadectric plant's
gte. It concludes by proposing alocation for the plant’sinstdlation.

2. PREMISES
Objectives:

& to choose one of the sx locations condgdered in the main Report. The preferred
location must permit quick implementation of the thermadectric plant;

b- to ensure objectivity by edablishing levels of priority while seeking to verify if the
conclusons reached are sustainable in when subjected to a methodology which is not
subjective

The following locations were considered:

- Juruena— Cotriguacy;
Aripuand— IMADEX;
Aripuana (municipa headquarters);
Colniza;
Rondolandia (Pdlo 70).

A sxth location, Rondolandia (Parddo 10), was evacuated during the course of the study, as its
man savmills have re-located or are in the process of re-locating their properties, plants and
equipment to Polo 70 or elsawhere

To thisend, the project mugt satisfy the following assumptions:

It must represent an opportunity that will motivate businesses and the community
to opt for native forest conservation;

It must promote the permanent establishment of people in the region as the
motivating factor for cregting an infrastructure for eectricity digtribution;

It must be eadily replicated in other locditiesin which there is forest exploitation.

The criteria for choosng the location were divided into two groups (quantitative and
quditetive), asfollows
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— Quantitative or numeric criteria:

Quantity of diesdl ail that can be substitued by the new technology;
Quantity of forest residues derived from sustainable management practices,
Estimated net load (in MVA) in the region.

— Qualitativecriteria:
Support from the local government;
Presence of aloca wood products industry association;

Space availability for the project.
3. METHODOLOGY

Based on the “Multiatribute Utility Function” theon®, the various options were compared
and ranked through “utility functions’ that were created from the opinions presented by the

various technica experts as wdl as from the quantitative data collected from each visted Ste.
These values were then gpplied to adecision tree.

In order to apply this methodology, the following framework was used as a guide in the
decision-making process.

Interview with the project’s
staff

Determining
relevances

Weights

Qualitative Criteria

Primaries I

Identification of the
probable Site and
analyses

8 Gomes, L.F.A..M.; Gomes, C.F.S. & de Almeida, A. Tomada de Decisdo Gerencial Enfoque Multicritério, Sdo
Paulo: Atlas (www.editora-atlas.com.br), 2002.

Clemen, Robert T. & Reilly, Terence. Making Hard Decision with Decision Tools, Pacific Grove: Duxbury
(www.duxbury.com), 2001.
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4. CHOOSING THE LOCATION
4.1 PRELIMINARIES

The team vidted a totd of 6 dStes, however one of them, dthough it participated in the
election, will be dismissed at the outset due to its evacuation (Parddo 10, em Rondolandia). See
item 2 for adetaled lidt.

The quantitative data were collected through loca research, datistics and interviews. The
following variables were found to be rdevant in the find decison:

Quantity of diesd oil dready in use by the established industry that may be subgtituted
by the new technology;

Quantity of forest residues (stocked and produced) from already-established activities,

Electricad load defined in MVA.

As dready mentioned, when choodsing the location, it is important, on the one hand, to
evaduate the quantity of diesd oil consumption used to generate eectricity for the wood products
industry, whether burned in CEMAT or sawmill equipment, and on the other, to estimate the net
demand for dectricity to be stisfied by the themadectric plant.  Thus the following
observations apply:

a it is important to keep in mind that the desred implementation, derived from the
present study, must be able to fulfill dl of the requirements consdered (resdue
avalability, lack of dectricity supply and concentration of timber indusries in one
location) in ashort period of time;

b- diesd oil consumption, a the same time that it is presently responsble for generating
eectricity, may be effectively substituted:;

C- the net dectricd demand will be derived from the dgebrac sum of the load from
sawmills to be supplied, from CEMAT’s ahility to supply them and from the presence

of other nearby plants with surplus productions, preferably based on non-fossl
SOUrces.
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Therefore:

The net dectrica demands of the IMADEX and Rondoléndia clusters will be equd to
the consumption required by the industries in those clusters, since there are no other
available sources of energy supply; the same rationade serves for fuel consumption.

Because of aready-exiging supplies, the Juruena-Cotriguagi and Aripuand municipal
headquarters clusters present near-zero or even negative net demands, as is the case
with the latter, which has some hydro supply.

Due to the presence of an Independent Producer (Amoz), the esimated vaue for the
Colniza cluster will be 0.2 MVA, obtained from the dgebraic sum of the loads from
sawvmills (Sdo Paulo), their sdf-productions, from Amoz supplies and from CEMAT,
dthough the latter is based on fossl fuds (scheduled expansions that have not yet
been implemented were not considered).

Fnadly, it is important to note that the vaues presented were derived from information

obtained from sawmill indusiry owners and were not measured, except in the case of CEMAT,
which was able to supply ddidicdly compiled data
CEMAT's supply was only conddered in cases where it actudly exigts, snce in many locations
(the Juruena-Cotriguagll Clugter, for example) most of the timber companies visted are
independent of externa supplies.

Equdly important is the fact that

The Table bdow shows the vaues found for each of the locdlities consdered.

. I Quantity of residues
Localit Dleselms;téztrltutlon from sustainable Load in MVA
y y management
original relative original relative original relative
Juruena- 3012 1.0000 | 48560 | 1.0000 1.0 0.8718
Cotriguacgu ’ '
Aripuana -Imadex 250 0.0000 2,450 0.0000 0.7 0.7949
Aripuana —
Municipal 659 0.1481 13,620 0.2422 -2.4 0.0000
headquarters
Colniza 1146 0.3244 7,850 0.1171 0.2 0.6667
Rondo-10 321 0.0257 3,400 0.0206 0.9 0.8462
Rondo-70 554 0.1101 7,300 0.1052 15 1.0000

The column of the above table entitted “reative’ shows the quantitative vaues in a
relative order, 0 that the grestest value assumes a unitary vaue and the smdlest is equd to the
scae vaue of zero (reference). The intermediate values are presented in relation to the reference.
These values will be used later to set up the utility function table.

The relevance for each criterion was determined based on interviews with the technica
daff involved, who were asked to classfy, usng an abitrary scade, each criterion in terms of its
relative importance among the other two. An average was then calculated and the relative weight
for each of the criteria was determined.
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The following table presents the utilized criteriain detail.

Level of relative importance

1 X = not important

2 X =important

Criterion | 3 x = indifferent

4 X = very important

5 X = extremely important
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The table below was created as an example to demondrate the selective process. The tablesimmediately following were actualy used.
Relative importance, Numeric x Qualitative criterion

Type

Average weight

Interviewee 1

Interviewee 2

Interviewee 3

Interviewee 4

average | % original | relative | original | relative | original | relative | original | relative
Numeric 4.000 53.3% 4 1.0 3 0.8 4 1.0 5 1.0
Qualitative 3.500 46.7% 3 0.8 4 1.0 3 0.8 4 0.8

Relative importance, Quantitative criteri

on

Quantitative

Average weight

Interviewee 1

Interviewee 2

Interviewee 3

Interviewee 4

availability for
plant

average | % original | relative | original | average | original | relative | original | relative
Diesel Oil 4.250 45.9% 5 1.0 3 0.3 5 1.0 4 1.0
Substitution
Quantity of 3.250 35.1% 4 0.7 5 1.0 3 0.5 1 0.0
Residue from
Sustainable
Management
Load in MVA 1.750 18.9% 2 0.0 2 0.0 1 0.0 2 0.3
Relative importance, Qualitative criterion
L Average weight Interviewee 1 Interviewee 2 Interviewee 3 Interviewee 4
Qualitative — . — — ‘ — k
average | % original | relative | original | average | original | relative | original | relative

Local 2.750 29.7% 5 1.0 1 0.0 4 1.0 1 0.0
Government
Interest
Presence of a| 3.250 35.1% 4 0.7 2 0.3 2 0.0 5 1.0
Wood Products
Industry
Association
Space 3.250 35.1% 0.0 5 1.0 3 0.5 3 0.5
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4.2 DECISION TREE

In order to determine the plant's ste, the following decison tree was organized through
the software’Precison Treg”, developed by the Paisade Corporation. The diagram below is only
a synthess and gives a dructurd idea of the origind tree, snce its actud dze would exceed a
page of this annex.

Juruena

Imadex

N = |

Rond-10

Quantitative

Rond-70

Quantitative

SUMMARY TABLE OF THE PARAMETERSESTABLISHED AND USED IN THE
DECISION TREE

Numeric Qualitative
Weight | 53.33% 46.67%
Diesel Oil Qu_antity of _ Local Presence of a Space
Substitution Rsejéf;ﬁ;[ﬁé“ "‘KA"’{‘/’A” Gov. Wo‘fg dzrs‘zg““s Availability

ma3/year Management Interest Association for Plant

Weight I 45.95% 35.14% 18.92% | 29.73% 35.14% 35.14%
Juruena 1.000 1.000 0.872 0.250 0.000 0.083
Imadex 0.000 0.000 0.795 0.938 0.375 0.333
Aripuana 0.148 0.242 0.000 0.563 0.271 0.063
Colniza 0.324 0.117 0.667 0.313 0.417 0.625
Rondo-10 0.026 0.021 0.846 0.125 0.188 0.667
Rondo-70 0.110 0.105 1.000 0.875 1.000 0.917
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5. CONCLUSION:

The utility function applied from the decison tree ranked the Stes as follows:

Ranking
Juruena-Cotriguagu 0.57 2
Aripuana -Imadex 0.33 4
Colniza 0.38 3
Rondo-10 0.25 5
Rondo-70 0.58 First

The diagram below shows the branch in which the chosen Site gppears.

Rondo-70
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Appendices
Qualitative Votes - Summary
Local Government P;?zﬁﬂzfs?;;}/gfr()d Space Availability for
Location Interest I y Plant
Association
average average average
Juruena-
Cotriguaci 0.3 0.0 0.1
Imadex 0.9 0.4 0.3
Aripuana-
municipal 0.6 0.3 0.1
headquarters
Colniza 0.3 0.4 0.6
Rondo-10 0.1 0.2 0.7
Rondo-70 0.9 1.0 0.9
Qualitative Votes - Interviewee 1
Local Government Pr;easegcet?f da V,\[/OOd Space Availability for
Location Interest roduct Incustry Plant
Association
original | relative | original relative original relative
Juruena-
Cotriguac( 2 0.3 1 0.0 2 0.0
Imadex 5 1.0 3 0.5 4 0.7
Aripuana-
municipal 4 0.8 2 0.3 2 0.0
headquartes
Colniza 1 0.0 3 0.5 5 1.0
Rondo-10 2 0.3 3 0.5 3 0.3
Rondo-70 5 1.0 5 1.0 4 0.7
Qualitative Votes - Interviewee 2
Local Government Presznc? O.f g WtOOd Space Availability for
Site Interest products industry Plant
association
original | relative | original relative original relative
Juruena-
Cotriguact 2 0.3 1 0.0 1 0.0
Imadex 5 1.0 1 0.0 1 0.0
Aripuana-
municipal 5 1.0 3 0.5 2 0.3
headquarters
Rondo-10 1 0.0 0.3 5 1.0
Rondo-70 3 0.5 1.0 5 1.0
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Qualitative Votes - Interviewee 3

Local Government Presence o_f a Wood Space availability for
Location Interest products.ln(_justry Plant
association
original | relative | original relative original relative
Juruena-
Cotriguact 1 0.0 2 0.0 2 0.0
Imadex 5 1.0 3 0.3 2 0.0
Aripuana-
municipal 3 0.5 3 0.3 2 0.0
headquarters
Colniza 3 0.5 3 0.3 4 0.7
Rondo-10 2 0.3 2 0.0 4 0.7
Rondo-70 5 1.0 5 1.0 5 1.0
Qualitative Votes — Interviewee 4
Local Government Presence O.f a Wood Space Availability for
Site Interest products_mqlustry Plant
association
original relative original relative original relative
Juruena-
Cotriguact 3 0.5 2 0.0 3 0.3
Imadex 4 0.8 4 0.7 4 0.7
Aripuana-
municipal 1 0.0 2 0.0 2 0.0
headquarters
Colniza 3 0.5 3 0.3 3 0.3
Rondo-10 1 0.0 2 0.0 4 0.7
Rondo-70 5 1.0 5 1.0 5 1.0

-30-




ANNEX

DIMENSIONING THE THERMALELECTRIC
PLANT

-31-



INSTITUTD
NACIONAL
DE EFICIENCIA
ENERGETICA

1. THERMALELECTRIC PLANT CONCEPTUAL DESIGN
1.1 TECHNICAL ALTERNATIVES

1.1.1 General Agpects

The technicd andyss will determine the technology to be used in the present project
by taking the following factors into account:

Type of biomass. wood residues,

Cogt of biomass (purchase and transport);

Current and potential energy market;

Current cogt of purchased energy;

Current qudity of energy;

Avallability of manpower for implementation, operation and mantenance;
Domestic manufacture and the Brazilian trade baance;

Effidency;

Implementation cost;

Cos of generating energy.
1.1.2 Available Technologies

Table 1.1.2.1 offers a brief description for each technology andyzed. The preferred
technology (chosen for reasons presented in the table) will indicate a sub-item for further details.
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TABLE 1.1.2.1
TECHNOLOGIESANALYZED
TYPEOF MAJOR STATE OF THE SPECIFIC
TECHNOLOGY CHARACTERISTICS ART COMMENTS
Steam Turbine Boilers can use all residue Many domestic Chosen for the pilot
(Rankine Cycle) fuels; robust; heat rate of manufacturers & project.
electricity improvesw/ steam engineering firms
pressure in plants >3 MW
Steam Engine A steam piston variant of the Technology widely | Not considered sinceis

ALocomovel” Rankine cycle. W/ domestic | usedin Amazoniadue | very low-efficiency
technology it isimpossibleto | to low investment and with ahigh level of
recycle water, sinceit is operations & water consumption.

contaminated by lubricant oil. mai ntenance costs.

Steam motor A more sophisticated steam| Entirely imported, no | Not considered sinceis.
generators piston variant of the Rankine domestic entirely imported, w/o
cyclewith hiher efficiency.| commercilaization. service support.
Requires more careful
maintenance.

Gadification Process produces afuel gas Still in development Not recommended

(conversion of
biomass into low Btu
fuel gas).

which can be used by gas
turbines & internal combustion
engines). Gasislow-quality
and maintenance.costs high.

because of the lack of
experience with this
technology

Gas Turbine with
gasification

Gasifier gas goesto an open
cycle gasturbine. More kWh
per ton steam in cogen mode

Still in development

Lack of experience.
Only appropriate for
larger scales

Internal combustion

Gasifier gasgoestoan IC

Still in development

Lack of experience.

engine with engine. Most kWh/t steamin Temperature for drying
gasification cogen mode below 2 bar thermal base too high.
Closed-cycle gas Use amost all fuels. Compact No longer Lack of vendor.
turbine. & robust configuration. Fast commercidized?.

response to load alterations

1.1.3 TheRankine Cycle

A determined quantity of fud is burned in a seam generator (boiler), which in turn
produces a given quantity of steam a designed pressure and temperature levels. This steam feeds
into a prime mover (the steam turbine), expands, and activates a synchronous electric generator
by producing mechanicd movements on the turbin€s shaft.

turbine s shaft, produces eectricity.

The same quantity of steam that feeds into the turbine is in turn condensed in a
vacuum and returns to the boiler in liquid state.  During this condensation process, the vacuum
steam passes through a heat exchanger, where it releases heat and becomes pressurized hot water.
The hot water is then stored in a deagrator and pumped back to the steam generator, a finad step

that ensures efficiency to the process and closes the cycle.
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The Rankine cycleis composad of the following equipment:

a- Boiler
This is the equipment responsble for generating eam from the combudtion of fuds — in
this case, wood resdue. The boiler produces steam a predefined pressure and temperature
levdls. The steam in turn activates the turbine and later passes through a condenser, as dready
described, where it is transformed into hot water in order to return to the boiler and close the
cycle.

The boiler’s main parts include a condensing tank, an economizer, seam pipes, feeding
systems and corresponding instrumentation.

b- Condensing Turbine

Activated by steam produced in the bailer, this device is responsble for converting part of
the theemd energy contained in the seam into mechanicd energy by rotating its shaft. The
turbine is attached to a speed reducer, which is coupled to a synchronous e ectricity generator.

Once it activates the turbine, the steam is driven by vacuum pressure into the condenser.
This latter device contains a water circuit where centrifuga pumps bring in colder water from the
cooling tower basins to condense the steam and transform it into hot water.  The exchange water,
which gained the heat lost by the steam, is then returned to the top of the towers to be cooled,
thereby closing the cooling tower cycle.

The turbinés main parts include a speed reducer, a heat exchanger, the corresponding
ingrumentation, specid pipdines, avacuum pump, a speed governer and security valves.

c- Synchronous Electric Generator

This device is responsble for dectromechanicd converson — in other words, for
transforming mechanica energy into eectricity. Its exciter system controls the voltage produced,
and its activation speed determines the frequency of this voltage. Therefore, the power it supplies
in its terminds is related to the proper control of these two parameters. excitement and speed on
the shaft. Findly, it isimportant to note that the generator can be air or water- cooled.

The generator’'s main parts indude a cooling sysem, a dehumidifying sysem and a
brushless exciter.

d- Cooling Towers

The cooling towers are essentidly heat exchangers responsible for water circulaion in the
condenser. They obey a predetermined temperature differentia in order to cool the steam flow.
The towers are equipped with closed-rotor sngle-suction centrifugal pumps that are submersed as
they pump out return water and complete the tower cycle.
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e Electromechanical system

This system condgts of a st of devices, pands and materids that command, control,
protect and digtribute the eectricity produced.

The scheme of the thermaldectric cycle described herein - duly adapted to the solutions
for the conditions under study — is presented below.
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1250kW EXTRACTION CONDENSING COGENERATION

SAWMILL /KILN DRIER / CITY DATA

COGENERATION PLANT DATA

Annual Steam Consumption

61,065.96 tslyear

«y [Operating Regime 2,088 hlyear Operating Regime 8,500 hlyeal
Jé Maximum Demand 739.00 kw Power Rating 1,250.00 kwW
§ IAverage Demand 592.00 kw Generating Capacity 10,625.00 MWhlyear
'~ LLoad Factor 80.11% Steam Production 13.19 ts/h
FEnergy Consumption 1,236.10 MWh/year IrFyel Consumption 327 th
o = |operating Regime 8,760 hiyear MAX. AVG. FOR SIMULTANEOUS OPERATION OF
2 % |Maximum Demand 146.00 KW SAWMILLS, KILN DRIER, CITY & PARASITIC
a lAverage Demand 107.19 kw Me@i\llﬁm%kverage Power 774.56 kwW
< | oad Factor 73.42% Utilization Factor 61.96%
o Energy Consumption 939.00 MWh/year Isieam production 7.42 tslh
Y Operating Regime 8,760 hlyear Fuel Consumption 1.84 t/h
- O  Maximum Demand 86.00 kW GENERAL BALANCE
2 Average Demand 38.13 kW Energy Generated 2,751.13 MWhlyear
| oad Factor 44.33% Parasitic Energy 316.50 MWhlyear
Energy Consumption 334.00 _MWh/year |Net Energy Generated 2,434.63 MWhlyear
Operating Regime 8,760 hlyear Surplus Energy - MWh/year
6' IAverage Demand 286.43 kw Energy Deficit 74.47 MWhlyear
;‘ Energy Consumption 2,509.10 MWhlyear JAnnual Fuel Consumption 10,237.05 tlyeal
™ Isteam Consumption 3.87 ts/h IAnnual Steam Production 41,351.31 tslyear
Annual Steam Consumption 33,927.48 tslyear Steam Deficit - tslyear
SAWMILL / KILN DRIER / CITY DATA COGENERATION PLANT DATA
g Operating Regime 2,088 hlyear Operating Regime 8,500 hlyeal
= Maximum Demand 887.00 kwW Power Rating 1,250.00 kw
< Average Demand 710.00 kW Generating Capacity 10,625.00 MWhlyear
E | oad Factor 80.05% Steam Production 13.19 ts/h
FEnergy Consumption 1.482.48 MWh/year |Fuel Consumption 3.27 th
5 = [pperating Regime 8,760 hiyear MAX. AVG. FOR SIMULTANEOUS OPERATION OF
r% > Maximum Demand 198.00 kw SAWMILLS, KILN DRIER, CITY & PARASITIC
3 Average Demand 147.37 kW MEBNRRR Average Power 943.18 kW
é | oad Factor 74.43% Utilization Factor 75.45%
% Fnergy Consumption 1,291.00 MWhl/year |Steam Production 9.52 MWhl/year
o Operating Regime 8,760 hlyear Fuel Consumption 2.36 MWhl/year
o Maximum Demand 96.00 kW GENERAL BALANCE
= [Average Demand 42.69 kw Energy Generated 3,420.55 MWhlyear
=< Load Factor 44.47% Parasitic Energy 366.49 MWh/year
FEnergy Consumption 374.00 MWhiyear |[Net Energy Generated 3,054.06 MWh/year
Operating Regime 8,760 hlyear Surplus Energy - MWhlyear
d [Average Demand 359.30 kw Energy Deficit _ 93.42 MWhlyear
S [Energy Consumption 3,147.48 MWh/year jAnnual Fuel Combustion 13,566.20 tlyeal
™ [steam Consumption 5.33 ts/h Annual Steam Production 54,799.02 tslyear
Annual Steam Consumption 46,647.00 tslyear  [Steam Deficit - tslyear
SAWMILL 7KIEN DRIER 7 CITY DATA COGENERATION PLANT DATA
g Operating Regime 2,088 hlyear Operating Regime 8,500 hlyeal
< Maximum Demand 1,035.00 kW Power Rating 1,250.00 kW
'§ Average Demand 828.00 kw Generating Capacity 10,625.00 MWH/ year
- Jroad Factor 80.00% Steam Production 13.19 ts/h
Energy Consumption 1,728.86 MWhlyear JFuel Consumption 3.27 th
o = Operating Regime 8.760 h/ano MAX. AVG. FOR SIMULTANEIOUS OPERATION OF
X = Maximum Demand 265,00 kW SAWMILLS, KILN DRIERS, CITY & PARASITIC
M Z |Average Demand 192,92 kw M&NEREKverage Power 1,111.56 kw
< (@] Load Factor 72,80% Utilization Factor 88.92%
g Energy Consumption 1.690,00 MWh/ano |Steam Production 11.76 ts/h
) Operating Regime 8,760 hl/year Fuel Consumption 2.91 t/h
@ O |Maximum Demand 106.00 kwW GENERAL BALANCE
2 |Average Demand 46.92 kW Energy Generated 4,087.81 MWh/year
Load Factor 44.26% Parasitic Energy 371.62 MWhlyear
Energy Consumption 411.00 MWh/year|Net Energy Generated 3,716.19 MWhlyear
Operating Regime 8,760 hiyear  |Surplus Energy - MWhlyear
g |Average Demand 437.20 kW Energy Deficil ‘ 113.67 MWhlyear
S [Energy Consumption 3,829.86 MWh/year |Annual Fuel Combustion 17,211.41 tyeal
= |Steam Consumption 6.97 ts/h Annual Steam Production

69,523.42 tslyear

Steam Deficit tslyear
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SAWMILL /KILN DRIER/ CITY DATA

COGENERATION PLANT DATA

Annual Steam Consumption

o Operating Regime 2,088 hlyear Operating Regime 8,500 hlyeal
E Maximum Demand 739.00 KW Power Rating 1,300.00 kW
£ |Average Demand 592.00 kw Generating Capacity 11,050.00 MWh/year
r  |Load Factor 80.11% Ste 16.10 ts/h
Energy Consumption 1,236.10 MWh/year | Fuel Consumption 3.98 t/h
o = |Operating Regime 8760 hlyear MAX. AVG. FOR SIMULTANEIOUS OPERATION OF
I_Zlil ; Maximum Demand 146.00 KW SAWMILLS, KILN DRIERS, CITY & PARASITIC ENERGY
3 |Average Demand 107.19 kw Maximum Average Power 780.28 kw
< Load Factor 73.42% Utilization Factor 60.02%
m Energy Consumption 939.00 MWh/year|Steam Production 7.46 ts/h
;:‘S Operating Regime 8,760 hlyear Fuel Consumption 1.85 t/h
= o |Maximum Demand 86.00 kW GENERAL BALANCE
= |Average Demand 38.13 kW Energy Generated 2,799.82 MWhlyear
Load Factor 44.33% Parasitic Energy 365.19 MWhlyear
Energy Consumption 334.00 MWh/year |Net Energy Generated 2,434.63 MWhlyear
Operating Regime 8,760 hlyear Surplus Energy - MWhlyear
g |Average Demand 286.43 kW Energy Deficil _ 74.47 MWhlyear
; Energy Consumption 2,509.10 MWh/year|Annual Fuel Consumption 10,305.48 t/yeal
™~ |Steam Consumption 3.87 ts/h Annual Steam Production 41,627.75 tslyear
Annual Steam Consumption 33,927.48 tslyear Steam Deficit - tslyear
SAWMILL / KILN DRIER / CITY DATA COGENERATION PLANT DATA
g Operating Regime 2,088 hlyear Operating Regime 8,500 h/yeal
= |Maximum Demand 887.00 kw Power Rating ) 1,300.00 kw
£ |Average Demand 710.00 kW Generating Capacity 11,050.00 MWhlyear
= |Load Factor 80.05% Steam Production 16.10 ts/h
i Energy Consumption 1.482.48 MWh/year]Fuel Consumption 3.98 t/h
o = |Operaiing Regime 8,760 hiyear MAX. AVG. FOR SIMULTANEIOUS OPERATION OF
g2
= |Maximum Demand 198.00 KW SAWMILLS, KILN DRIERS, CITY & PARASITIC ENERGY
7 Average Demand 147.37 kKW Maximum Average Power 944.98 kW
r_ﬁ Load Factor 74.43% Utilization Factor 72.69%
> Energy Consumption 1,291.00 MWh/year | Steam Production 9.53 MWhlyear
3 Operating Regime 8,760 hlyear Fuel Consumption 2.36  MWh/vear
Maximum Demand 96.00 kW GENERAL BALANCE
o |Average Demand 42.69 kW Energy Generated 3,435.82 MWhlyear
5 |Load Factor A4.47% Parasitic Energy 381.76 MWhlyear
=< Energy Consumption 374.00 MWh/year | Net Energy Generated 3,054.06 MWh/year
Operating Regime 8,760 h/year Surplus Engr_gy - MWh/year
g |Average Demand 359.30 kw Energy Deficit 93.42 MWhlyear
3 |Energy Consumption 3,147.48 MWh/year|Annual Fuel Consumption 13,587.66 tlyeal
.:‘2 Steam Consumption 5.33 ts/h Annual Steam Production 54,885.71 tslyear
Annual Steam Consumption 46.647.00 ts/year Steam Deficit - tslyear
SAWMILLS /KILN DRIER / CITY DATA COGENERATION PLANT DATA
g Operating Regime 2,088 hlyear Operating Regime 8,500 hiyeai
< |Maximum Demand 1,035.00 kW Power Rating 1,300.00 kw
= |Average Demand 828.00 kw Generating Capacity 11,050.00 MWh/year
= |Load Factor 80.00% Steam Production 16.10 ts/h
" |Energy Consumption 1.728.86 MWh/year ] Fuel Consumption 3.98 t/h
o = Operating Regime 8,760 hlyear MAX. AVG. FOR SIMULTANEIOUS OPERATION OF
X = [Maximum Demand 265.00 kw SAWMILLS, KILN DRIERS, CITY & PARASITIC ENERGY
0 < |Average Demand 192.92 kw Maximum Average Power 1,115.93 kw
> Load Factor 72.80% Utilization Factor 85.84%
g Energy Consumption 1,690.00 MWh/year | Steam Production 11.78 ts/h
Py Operating Regime 8,760 h/year Fuel Consumption 292 th
4 O  |Maximum Demand 106.00 kW GENERAL BALANCE
j Average Demand 46.92 kw Energy Generated 4,124.97 MWhlyear
Load Factor 44.26% Parasitic Energy 408.78 MWhlyear
Energy Consumption 411.00 MWh/year | Net Energy Generated 3,716.19 MWhlyear
Operating Regime 8,760 hlyear Surplus Em_er_gy - MWhlyear
g |Average Demand 437.20 kW Energy Deficit 113.67 MWhlyear
= |Energy Consumption 3,829.86 MWh/ano |Annual Fuel Consumption 17,263.64 tlyea
,32 Steam Consumption 6.97 ts/h Annual Steam Production

69,734.39 tslyear

Steam Deficit tslyear

61,065.96 ts/year
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UNDP Thermoelectric Plant Project
Electric Power - 1250kW
Iltem Description Qty | Supplier Sales Price ICMS Tax Deduction at IPI ISS Invoice amount in ICMS Total Cost Freight |Delivery Time |Tariff Code Nat'l
Source (Excise Tax) | (Service Tax) R$ (V.added Tax) (days) Classification Ind
(Taxes: ICMS at [% R$ R$ R$ (Taxes: ICMS at Destination (R$) FINAME
source + ISS) source + IPI+ISS)
EQUIPMENT
1 Boiler 1 |H.Bremer 1,159,118.40 514 56,666.05 57,955.92 - 1,217,074.32 144,345.01 1,361,419.33 CIF 300 8402.12.00 117512-2 100
2 Biomass Patio 1 |Dujua 242,784.00 514 11,869.03 12,139.20 - 254,923.20 30,233.89 285,157.09 CIF 240 XXXXX XXXX XX
3 Water Treatment System 1 |Estimate 50,000.00 7.00 3,271.03 2,500.00 - 52,500.00 5,250.00 57,750.00 FOT 120 XXXXX XXXX XX
4 Turbine 1 |Estimate 700,000.00 5.14 34,221.04 35,000.00 - 735,000.00 87,171.00 822,171.00 FOT 240 8406.82.00 061162-0 100
5 Generator 1 |Estimate 250,000.00 12.00 26,785.71 12,500.00 - 262,500.00 13,125.00 275,625.00 EX-Work 240 8501.64.00 132446-2 97
6 Cooling Towers 1 |Estimate 85,000.00 514 4,155.41 6,800.00 - 91,800.00 10,887.48 102,687.48 - - - - -
7 Sewage Treatment Plant 1 |Estimate 60,000.00 7.00 392523 3,000.00 - 63,000.00 6,300.00 69,300.00 FOT 120 XXXX XXXX XX
8 Chemical Products Tank 2 | Estimate 44,000.00 7.00 2,878.50 2,200.00 - 46,200.00 4,620.00 50,820.00 FOT 30 XXXX XXXX XX
9 Compressor / Compressed Air Vessel 1 |Estimate 33,000.00 7.00 2,158.88 1,650.00 - 34,650.00 3,465.00 38,115.00 FOT 60 XXXX XXXX XX
10 Electric Overhead Traveling Crane 1 |Estimate 43,000.00 514 2,102.15 2,150.00 - 45,150.00 5,354.79 50,504.79 FOT 120 8426.11.00 030887-0 100
11 ScaleN 1 |Estimate 36,000.00 17.00 5,230.77 1,800.00 - 37,800.00 - 37,800.00 FOT 60 XXXX XXXX XX
12 13.8 kV Power Transformers 1 |Estimate 25,000.00 12.00 2,678.57 1,250.00 - 26,250.00 1,312.50 27,562.50 FOT 180 8504.22.00 XXXX XX
13 Médium-Voltage Electric Panels - | Estimate 130,000.00 12.00 1392857 6,500.00 - 136,500.00 6,825.00 143,325.00 FOT 150 8537.20.00 037041-0 100
14 Low-Voltage Electric Panels - | Estimate 280,000.00 12.00 30,000.00 14,000.00 - 294,000.00 14,700.00 308,700.00 FOT 150 8537.10.19 065114-5 100
15 Project Coordination and Management 1 |Estimate 158,220.00 - - - 7,911.00 158,220.00 - 158,220.00 - 360 - - -
16 Selectivity and Short Circuit Study 1 |Estimate 23,430.00 - - - 1,17150 23,430.00 - 23,430.00 - 120 - - -
17 Agreements with CREA, ANEEL and ONS 1 |Estimate 18,350.00 - - - 917.50 18,350.00 - 18,350.00 - 120 - - -
18 Electrical, Mechanical and Basic Civil Project 1 |Estimate 200,000.00 - - - 10,000.00 200,000.00 - 200,000.00 - 180 - - -
19 Electrical Installation and Instrumentation 1 |Estimate 318,000.00 - - - 15,900.00 318,000.00 - 318,000.00 - 120 - - -
20 Mechanical Installation 1 |Estimate 265,000.00 - - - 13,250.00 265,000.00 - 265,000.00 FOT 120 - - -
21 Electrical Material and Instrumentation 1 |Estimate 340,000.00 12.00 36,428.57 - - 340,000.00 17,000.00 357,000.00 FOT 120 - - -
22 Mechanical Material 1 |Estimate 380,000.00 12.00 40,714.29 - - 380,000.00 19,000.00 399,000.00 FOT 120 - - -
23 | Automation System N/A | Estimate 125,880.00 - - - 6,294.00 125,880.00 - 125,880.00 FOT 180 B - -
24 Environmental Project + Fees N/A | Estimate 35,000.00 - - - 1,750.00 35,000.00 - 35,000.00 - 120 - - -
25 Civil Works - - - - - - - - - - - - - -
Earthwork N/A | Estimate 100,000.00 - - - 5,000.00 100,000.00 - 100,000.00 - 30 - - -
Well 1 |Estimate 65,000.00 - - - 3,250.00 65,000.00 - 65,000.00 - 60 - - -
Cistern 1 |Estimate 50,000.00 - - - 2,500.00 50,000.00 B 50,000.00 - 60 B - -
Construction N/A | Estimate 388,000.00 - - - 19,400.00 388,000.00 - 388,000.00 - 120 - - -
Structural Calculation Project N/A | Estimate 12,000.00 - - - 600.00 12,000.00 - 12,000.00 - 60 - - -
Materials — Metal Structure - Powerhouse N/A | Estimate 74,185.63 7.00 4,853.27 - - 74,185.63 7,418.56 81,604.19 FOT 150 - - -
Assembly — Metal Structure - Powerhouse N/A | Estimate 48,000.00 - - - 2,400.00 48,000.00 - 48,000.00 - 120 - - -
26 Financial Consulting N/A | Estimate 150,000.00 - - - 7,500.00 150,000.00 - 150,000.00 - 120 - - -
27 Furniture and Appliances N/A | Estimate 20,000.00 17.00 2,905.98 - - 20,000.00 - 20,000.00 - 30 - - -
28 Training N/A | Estimate 80,000.00 - - - 4,000.00 80,000.00 - 80,000.00 - 30 - - -
29 Freights N/A | Estimate 150,000.00 - - - 7,500.00 150,000.00 - 150,000.00 - - - - -
EPC SUB-TOTAL 6,138,968.03 284,773.06 159,445.12 109,344.00 6,298,413.15 377,008.24 6,675,421.39
- Contingencies (5%) 306,948.40
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EPC FINAL TOTAL 6,445,916.43 284,773.06 159,445.12 109,344.00 6,605,361.55 377,008.24 6,982,369.79
Pre-Operational Expenditures 200,000.00
Working Capital 250,000.00
TOTAL COST OF PROJECT 6,895,916.43 284,773.06 159,445.12 109,344.00 7,055,361.55 377,008.24 7,432,369.79
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UNDP Thermoelectric Plant Project

Electric Power - 1250kW

Item | Description Qty Supplier Sales Price ICMS Tax Deduction at IPI ISS Invoice amount ICMS Total Cost Freight |Delivery Time | Tariff Code Nat'l Ind
Source (Excise Tax) | (Svc. Tax) in R$ (V.Added Tx) (days) Classification
(Taxes: ICMS at|% R$ R$ R$ (Taxes: ICMS Destination (R$) FINAME
source +ISS) at source +
IPI+ISS)
EQUIPMENT
1 |Boiler 1 |H.Bremer 1,159,118.40 5.14 56,666.05 57,955.92 - 1,217,074.32 144,345.01 1,361,419.33 CIF 300 8402.12.00 117512-2 100
2 |Biomass Patio 1 |Dujua 242,784.00 5.14 11,869.03 12,139.20 - 254,923.20 30,233.89 285,157.09 CIF 240 XXXXX XXXX XX
3 | Water Treatment System 1 |Estimate 50,000.00 7.00 3,271.03 2,500.00 - 52,500.00 5,250.00 57,750.00 FOT 120 XXXXX XXXX XX
4 | Condensing Turbine 1 |Estimate 800,000.00 5.14 39,109.76 40,000.00 - 840,000.00 99,624.00 939,624.00 FOT 240
5 |Back-pressure Turbine 1 |Estimate 250,000.00 12.00 26,785.71 12,500.00 - 262,500.00 13,125.00| 275,625.00] EX-Work 240
6 | Generator 1 |Estimate 250,000.00 12.00| 26,785.71 12,500.00 - 262,500.00 13,125.00 275,625.00 EX-Work 240
7 | Generator 1 |Estimate 120,000.00 12.00| 12,857.14 6,000.00 - 126,000.00 6,300.00 132,300.00 EX-Work 240
6 | Cooling Towers 2 |Estimate 85,000.00 5.14 4,155.41 6,800.00 - 91,800.00 10,887.48 102,687.48 - - - -
7 | Sewage Treatment Plant 1 |Estimate 60,000.00 7.00 3,925.23 3,000.00 - 63,000.00 6,300.00| 69,300.00 FOT 120 XXXX XXXX XX
9 | Compressor / Compressed Air Vessel 1 |Atlas Copco 37,000.00 7.00 2,420.56 1,850.00 - 38,850.00 3,885.00 42,73500 FOT 60 XXXX XXXX XX
10 |Electric Overhead Traveling Crane 1 |[Estimate 43,000.00 5.14] 2,102.15 2,150.00 - 45,150.00 5,354.79 50,504.79] FOT 120 8426.11.00 030887-0 100
11 |[Scale 1 |Toledo 56,000.00 17.00| 8,136.75 2,800.00 - 58,800.00 - 58,800.00 FOT 60 XXXX XXXX XX
12 |13.8 kV Power Transformers 1 |Estimate 25,000.00 12.00| 2,678.57 1,250.00 - 26,250.00 1,312.50 2756250 FOT 180 8504.22.00 XXXX XX
13 | Médium-Voltage Electric Panels - | Koblitz 130,000.00 12.00 13,928.57 6,500.00 - 136,500.00 6,825.00| 143,325.00 FOT 150 8537.20.00 037041-0 100
14 | Low-Voltage Electric Panels - | Koblitz 360,000.00 12.00| 3857143 18,000.00 - 378,000.00 18,900.00 396,900.00] FOT 150 8537.10.19 065114-5 100
15 |Project Coordination and Management 1 Koblitz 158,220.00 - - - 7,911.00 158,220.00 -1158,220.00 - 360
16 | Selectivity and Short Circuit Study 1 | Koblitz 23,430.00 - - - 1,171.50] 23,430.00 - 23,430.00] - 120 - - -
17 | Agreements with CREA, ANEEL and 1 |Koblitz 18,350.00 - - - 917.50) 18,350.00 - 18,350.00 - 120 - - -
ONS
18 Eleptrical, Mechanical and Basic Civil 1 |Koblitz 200,000.00 - - - 10,000.00| 200,000.00 - 200,000.00 - 180 - - -
19 Elré)xjcfr?rt:al Installation and Instrumentation 1 |Koblitz 318,000.00 - - - 15,900.00 318,000.00 - 318,000.00 - 120 - - -
20 |Mechanical Installation 1 [Koblitz 325,000.00 - - - 16,250.00 325,000.00 - 325,000.00 FOT 120 - - -
21 |Electrical Material and Instrumentation 1 |Koblitz 400,000.00 12.00 42,857.14 - - 400,000.00 20,000.00| 420,000.00 FOT 120 - - -
22 | Mechanical Material 1 |Koblitz 450,000.00 12.00| 48,214.29 - - 450,000.00 22,500.00| 472)500.00] FOT 120 - - -
23 | Automation System N/A | Koblitz 180,000.00 - - - 9,000.00] 180,000.00 - 180,000.00] FOT 180 - - -
24 | Environmental Project + Fees N/A | Estimate 35,000.00 - - - 1,750.00| 35,000.00 - 35,000.00 - 120 - - -
25 | Civil Works - - - - - - - - - - - - - -
Earthwork N/A | Estimate 100,000.00 - - - 5,000.00 100,000.00 - 100,000.00 - 30 - - -
Well 1 |Estimate 65,000.00 - - - 3,250.00] 65,000.00 - 65,000.00 - 60 - - -
Cistern 1 |Estimate 50,000.00 - - - 2,500.00 50,000.00 - 50,000.00| - 60 - - -
Construction N/A | Estimate 388,000.00 - - - 19,400.00 388,000.00 - 388,000.00 - 120 - - -
Structural Calculation Project N/A | Estimate 18,000.00 - - - 900.00 18,000.00 - 18,000.00| - 60 - - -
Materials — Metal Structure - N/A | Estimate 95,000.00 7.00 6,214.95 - - 95,000.00 9,500.00 104,500.00( FOT 150 - - -
Powerhouse
Assembly — Metal Structure - N/A | Estimate 64,000.00 - - - 3,200.00 64,000.00 - 64,000.00 - 120 - - -
Powerhouse
26 | Financial Consulting N/A | Estimate 150,000.00 - - - 7,500.00 150,000.00 - 150,000.00 - 120 - - -
27 |Furniture and Appliances N/A | Estimate 20,000.00 17.00 2,905.98 - - 20,000.00 - 20,000.00 - 30 - - -
28 | Training N/A | Estimate 80,000.00 - - - 4,000.00] 80,000.00 - 80,000.00| - 30 - - -
29 |Freights N/A | Estimate 150,000.00 - - - 7,500.00] 150,000.00 - 150,000.00 - - - - -
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EPC SUB-TOTAL 6,955,902.40 353,455.48 18594512 | 116,150.00] 7,141,847.52 417,467.6¢ 7,559,315.2C
Contingencies (5%) 347,795.12
EPC FINAL TOTAL 7,303,697.52 353,455.48 185,945.12 116,150.00 7,489,642.64 417,467.6¢ 7,907,110.32
Pre-Operational Expenditures 200,000.00
Working Capital 250,000.00
TOTAL COST OF PROJECT 7,753,697.52 353,455.48 185,945.12 116,150.00 7,939,642.64 417,467 .6¢ 8,357,110.32
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B A D)

JOB: ELECTRIC POWER PLANT INSTALLATION

MONTHS
o i
DESCRIPTION DAYS|START| END | TEAM 1 " 3 4" 5] 6" ] 7
Creation of an SPC 60 XXX XIX] X
Data Collection 30 XXX
Letter of Intent 30 X XXX
Execution of Contracts 30
Study Development 15
Executive Project 169 X XIXPAXEXEXEX XX
Civil Project 62 XXX XXX XA
Metal Structures Project 75 XIXPXIPAXEXEX XXX
Mechanical Project 169 X XXX XXX
Electrical Project 104 XIXPXIXIX
Environmental Permil 240 X XIXIXPAX] XXX
Prior license 30 X X|
Installation 45 X XXX XX
Operatior 165 XIXIXXIX
ANEEL AUTHORIZATION 60 X XIX] X
Procurement 180 XEXIXAXIXIXEX)
Boiler 135 XXX XXX
Specification/ purchase 15 XX
Production 120 XEXIXEXEXEXEXS
Transpor 15
Cooling Towers 109 XXX XA
Specification/ purchase 35 XPXPAXEX
Production 74 XIXIX
Transpor 16
Electric Panels 105
Specification/ purchase 10
Production 85 X
Transpor 40
Electrical Material 82 XXX x
Cables 60 XXX
Wireways 40 XIXIXEX
Conduits 40 XIXXIX
Other 80 XXX
Mechanical Material 90 XIXIXDAXIXX
Plates/ Profiles 45 XXX
Pipes 74 XXX
Unions 80 XXX XXX
Valves 90 XXX
Thermal Insulation 45 XXX
Paint/ solvents 45 XIXPXIXIA
Pipe rack/ supports 16 XXX
Civil Construction 117 XEXPAXEXEX XX
Civil Construction 30 XIXIXIX
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BASIC SINGLE WIRE ELECTRICAL DIAGRAM
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1. INSTITUTIONAL ARRANGEMENT

The sudy recommends the edtablishment of a joint-stock corporation that would include
equity paticipaion by sawvmills in the duster and inditutiond investors, among others.  The
paticipation of inditutiona players is crucid for the Plant's feedhility. Generation through
resdues, when not linked to sustainable forest management, is extremely profitable and enjoys a
high levd of replicability. It is however, illegd and economicdly unsustainable, and therefore
congtitutes one more factor of forest resource depletion and deforestation.

This point is crucid dnce without the development of public policies focussed on forest
conservation and public awareness of the need for consarvationist practices, it will be difficult to
avoid the presence of opportunistic “rent seekers” and encourage instead wood products industry
representatives who undersand the need for a longer term vision, know how to employ
sustainable forest management and want to use wood residues effectively.

With 80% of the project’s funds accounted for (by BNDES or its agents and/or Eletrobras),
savmill owners' equity participation would be around 10% of the initid investment expenditures
(equivalent to 50% of the SPE’s capitd).

The future corporation must include a wide aray of dakeholders to ensure not only the
Pant's feashility but dso to develop and consolidate a mode for future replication in other
isolated locetions throughout the Amazon Region. In addition to the aforementioned investors,
other possble patners may be conddered, including project developers, equipment
manufacturers and independent energy producers dready active in isolated systems.

The corporation would be controlled by private investors through a shareholder agreement
that would ensure fulfillment of the inditutiona investors objectives.  Such agreement would
ds formdize the communion of interests needed to guarantee freedom of choice for energy
consumers (Lawv N° 10438 of 2002), as wel as the commitment to make the trangition to
sustainable management.

From the Electricity Sector's regulatory point of view, the corporation would not qudify for
the incentives offered by the fud consumption subsidy program for the Amazon region known as
the CCC (Conta de Consumo de Combustiveis), since it would own an electricity generation plant
with lessthan 5 MW of power.

From the consultants point of view, this redtriction contradicts the spirit of Law N°
10.438/2002, snce mos isolated systems in Amazonia are below the 5 MW threshold (which
does not gpply for utilities recelving the subsidy). Indeed, most are far amdler.  If this digtortion
were corrected, with the support of the environmentd authorities, the plant could be implemented
wioth the same CCC subgdies that the loca utility enjoys (but rarely uses to subgtitute diesd). A
1 MW threshold has dready been dlowed for Smdl Hydro Plants. Such authorization, in turn,
should be conditioned to the use of sustainable forest management.

This correction, if made in a rdaively short term, could condtitute the loan's collaterd. The
funds extended through such incentive would be further conditioned to fulfillment of reduction
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targets for use of wood from legd clearings as well as to sustainable management practices, at
ANEEL’ s discretion and with the cooperation of environmenta agencies.

Resdue use is another important issue.  All of the companies joining this enterprise should enter
into a supply contract for the wood resdue generated from their own productions, assuming it is
generated with zero cost and in quantities proportiond to the volume of the sawed and dried
wood. Also, resdue generation should not deplete the fud used as raw materid, and resdue use
should remain proportiond to finad product quantities. It is essentiad that resdues never acquire
market vaues that may be manipulated by their producers in times of scarcity. Today, resdues
represent a burden and may result in heavy fines if digposed of through opertpit burning, which
is why granting it a zero cost is appropriate. It is dso important to inspect the ddivery of the
timber to both plants and of the resdue for combugtion, snce it mus fulfill a determined
proportion of biomass (in its various forms).

-52-



INSTITUTO
NACIONAL
DE EFICIENGIA
ENERGETICA

2.  FINANCIAL MECHANISM S

2.1

INTERNATIONAL FUNDS

Regardless of the chosen financid arangement, there are other posshilities that may
be consdered as dternatives, as shown in Table 2.1.

TABLE 2.1

INTERNATIONAL FINANCING FUNDS
a- MULTILATERAL INSTITUTIONS

INSTITUTION FUND CHARACTERISTICS
Embraces projects that aim to reduce carbon
emissions; it acts within the framework of the
Convention on Climate Change (CCC), in
IBRD— (World PCF (Prototype Carbon Fund) accordance with the Kyoto Protocol. Dedicates
Bank) itself to long-term projects demonstrating great
carbon capture capacity.
EOF (Environmental Opportunities
Facility) - embraces projects that fight
against pollution and promote
environmental sustainability and renewable
IBRD/IFC - energies; covers up to US$120,000 for
International projects and up to US$600,000 for

Finance Corporation

implementations, whether through funds or
shares.

SME (Small and Medium Scale Enterprise
Program) — Projects up to US$5 millionin
shares: conservation and sustainable use of
biodiversity and reduction of carbon
emissions; up to US$100,000 in loans.

Embraces private projects, with no government
guarantees, and coversfunds aswell as
equities; limitsitself to 25% of project costs
but may increase to 35% for small projects.

IADB - Inter-
American
Development Bank

I1C (Inter-American Investment
Corporation)

MIF (Multilateral Investment Fund)

HSET (Hemispheric Sustainable Energy
and Transportation Funds)

Finances mediumsized private companies,
which must produce revenues ranging from
US$5 million to US$35 million per year

Focuses on small-sized projects; finances other
funds provided they are directed to Latin
American ESCOs (Energy Service
Companies), clean technology and the like.

Provides support to prepare sustainable energy
and urban transport projects; specific to Latin
America and the Caribbean

CAT -Corporacion
Andina de Fomento

Promotes sustainable development and
includes private companies and government
entities. In the energy field, it concentrates on
carbon capture projects.
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b- BILATERAL INSTITUTIONS

INSTITUTION ORIGIN CHARACTERISTICS
DCA - Development Credit US Government (USAID) Guarantee fund — up to 50% of financing.
Authority
OPIC - Overseas Private

Investment Corporation

Provides support for US investmentsin renewable
Independent US Government | energy projectsin developing countries; provides

Agency funds and guarantees up to US$200 million.

TDA - US Trade and
Development Agency

Supports feasibility studies for projectsin the

US Government Agency public sector (up to 100%) that reflect significant

export opportunities for US products; may cover
from US$30,000 to US$2 million.

IFU - The Industriaization

Fund for Developing Countries Danish Government
andIFV - Investment Fund for

Emerging Markets

Usually participates as equity partner with up to
30%,; may finance up to 25% of the total cost.
Encompasses the entire array of project sizes,

provided they are“ clean energy” projects.

EXIMBANK — Export-Import Official Export Credit Finances projects of any size as long as they
Bank of USA Agency of theUS include export of products and servicesfrom the
Government United States. Pays special attention to “clean
projects.”
FMO - Netherlands Finances private projectsin emerging markets.
Development Finance Dutch Government’s Although it does not require participation from
Company Development Bank Dutch partners, it includes several government
programs from the Netherlands.
c- TRADE INITIATIVES
NAME CHARACTERISTICS
A non-profit organization that aims to fund self-sustainable energy projectsin
E&Co

developing countries; provides financing through loans or equity investments. Its
limits range from US$50,000 to US$250,000 and cover investmentsin renewable
energy and energy efficiency enterprises.

Latin American Energy
Services Company
Investment Fund

Thisfund provides equity investments to small- and mediumsized ESCOs and offers
thistype of company the possibility to access performance contractsin Latin America;
it also covers aternative methods of electricity generation and generation from
renewable energy sources. |ts capital ranges from US$25 to US$50 million.

The Clean Tech Fund

Also equity-based (capital ranges from US$20 to US$35 million); provides support
for investmentsin small- and mediumsized companiesin 5 industry sectors, which
currently include: effluent treatment; residue use; recycling; energy efficiency;
renewabl e energy; and transport efficiency. Its activities are limited to Latin America.

NUON

Dutch private fund that participatesin projects related to energy and water use.
Based on equity participation, itswork isnot limited to Latin America; for example, it
owns investment sharesin South Africa (rural electricity systems based on
photovoltaic energy), in the US (NUON invested US$53.5 million in Green Mountain
Energy Company), and in China (wind energy in farms).

Globa Environment Fund

The fund manages about US$ 250 million through 4 other funds (two of these funds,
Emerging Markets Funds | and |1, invest in renewable energy); Works through
equities and embraces the full range of companies and organizations in emerging
markets.

Triodos Bank

Dutch bank that finances socially - or environmentally- oriented undertakings;
encompasses all organizations worldwide, whether public or private. Holds sharesin
the Solar Investment Fund (SIF), in Fundo Edélico and in Triodos Greenfunds.
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2.2  NATIONAL FINANCING

For srategic reasons, and in accordance with Law N° 10.438/02, Eletrobrés may currently
hold a minority interest in the capitd of a company that will be created to generate energy from
resdues and/or to finance the project.  This possibility favours the referred undertaking since it is
a project that promotes “clean energy” generated from biomass, and uses loca sources to supply
raw materid at the same time that it replaces the use of diesd oil by supplying isolated systems.

BNDES is the only Brazlian bank that provides financing for energy efficiency improvement
in facilities and renewable energy sources (see Table 22). It is dso the only Brazilian
devdopment bank that acts through financid agents including private and public sector banks.
Public sector banks include the BRDE (in the Southern Region) and BNB (for Brazl's
Northeagtern region). Banco do Brasil, however, cannot be consdered an officid bank from the
commercid point of view, except when it manages officid funds.

BNDES funds are loans with amilar characteridtics in terms of the guarantee requirements for
commercid loans. The interest terms, however, are incomparably lower than those exercised by
private banks. Consequently, the present Report does not consider hese funds due to the high
cost of money involved; even when re-lending the BNDES funds, these banks are not competitive
with the officid re-lending banks for BNDES funds.

It should be noted that BNDES adminigters other energy funds for smal hydro plants and
fossl fuds, which are not induded in the following Tables as they do not fdl directly into the
objectives of the present Document.

In addition to the BNDES, the Banco do Brasl and BASA (Banco da Amazonid) manage
devdlopment funds for the Midde-West and Northern regions (both include aeas with
Amazdnia), respectively. Although these funds are not gpecific to energy production or energy
efficiency, they include projects that focus on regiond development, such as the one described
herein. Thefunds are:

The “Fundo Condituciond do Centro Oeste (FCO Empresarid),” which covers
programs focused on economic infragtructure;

The “Fundo Condtituciond do Norte (FNO),” which provides financing in specid
dtuations for projects in the Northern Region (in this case, it would only include
replication projects).
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TABLE 2.2

NATIONAL FINANCING: BNDES-MANAGED FUNDS

NAME

CHARACTERISTICS

1. Programa para
I nvestimentos em
Conservacéao e Fontes
Alternativas de Energia
Elétrica

(Conservation and
Alternative Electricity
Sources Investment
Program)

Interests: Long-Term Interest Rate (TJLP) + basic spread + risk or underwriting
spread.
Basic spread: 1% per year (in the Amazon Region and in the Middle West);
risk or underwriting spread: depends on each project or agent (when there is no agent,
it varies between 0.5% and 2.5% per year). If FGPC* is used, up to 4% per year.
Maturity: to be defined as up to a maximum grace period of 6 months and atwelve-
year amortization period.
Participation Level: up to 80%.

2. Programa de Apoio a
Cogeracéo de Energia
Elétrica a Partir de
Residuos de Biomassa

(Support Program for
Electricity Cogeneration
from Biomass Residues)

Interests: Long-Term Interest Rate (TJLP) + basic spread + risk or underwriting
spread
Basic spread: TILP.

Risk or underwriting spread: 0.5 % to 2.5 % per year (if no intervening agent); under
R$10 million, under “BNDES Automético” ; above thisvalue, up to 2.5 % per year; if
FGPC* isused, up to 4 % per year.

Maturity: same as above.

Participation L evel: up to 80%.

3. BNDES Automéatico

Participation Level: up to R$10 million in investmentsin energy efficiency projects.
[ nterests: same as above.

Basic spread: 1% per year (in the Amazon Region and in the Middle West);

risk or underwriting spread: depends on each project or agent (BNDES does not act
directly); if FGPC* isused, up to 4 % per year.
Maturity: per project.
Participation Level: up to 100%.
Does not finance implementation projects and may include working capital.

4. FINEM — Programa
Regional do Centro Oeste

(Middle West Regional
Program)

Finances projects located in the Middle West Region starting from R$1 million.

5.FINAME — Fundo de
Financiamento para
Aquisicdo de Maquinas e
Equipamentos Industriais

(Government Agency for
Machinery and Equipment

Financing)

The fund is not specific to energy projects put covers the entire range of equipment
purchases; interest rate is equivalent to this table’s Program 1 and applicable to
microcompanies.

Maturity: up to 72 months.

Participation Level: up to 100 %.

Includes working capital associated with equipment purchases.

* FGPC - Fundo de Garantia para a Promocao da Competitividade (Guarantee Fund for the Promotion of

Competition)
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Congdering the Generation Plant’s suggested organization, there are two possible aternatives
for itsdesign:
a outsourcing the plant’s operation;
b- maintaining the operation under the plant’s own adminigrative structure.

The firg dterndive is consdered more feasble and will govern the training structure
decribed beow. The training framework, outlined in this sub-item, is divided into three

different modules directed to specific audiences. These are:
& Module A — Trainstimber industry owners and/or their principa managers.
b- Module B — Trains an intermediate team that will manage and ingpect the outsourced

party or parties.
c- Module C —Trains the team that will be responsble for undertaking the actud

ingpection process

Although the second dternative is presented herein, building an operative Sructure entirdy
separate from the core business of a sawmill may be consdered an inadequate option. If this is
the case, the training framework presented in this Report will require that Modules B and C be
replaced by a course specificaly geared towards training future operators. Such a course would
offer a more in-depth gpproach to the disciplines a issue and would require basic prerequisites

from the trainees.
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