
                                                                                     

 
 
 

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION  
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria 

Tel: (+43-1) 26026-0 · www.unido.org · unido@unido.org 

 

 

 

 

OCCASION 

 

This publication has been made available to the public on the occasion of the 50
th

 anniversary of the 

United Nations Industrial Development Organisation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCLAIMER 

 

This document has been produced without formal United Nations editing. The designations 

employed and the presentation of the material in this document do not imply the expression of any 

opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development 

Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its 

authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or 

degree of development. Designations such as  “developed”, “industrialized” and “developing” are 

intended for statistical convenience and do not necessarily express a judgment about the stage 

reached by a particular country or area in the development process. Mention of firm names or 

commercial products does not constitute an endorsement by UNIDO. 

 

 

 

FAIR USE POLICY 

 

Any part of this publication may be quoted and referenced for educational and research purposes 

without additional permission from UNIDO. However, those who make use of quoting and 

referencing this publication are requested to follow the Fair Use Policy of giving due credit to 

UNIDO. 

 

 

CONTACT 

 

Please contact publications@unido.org for further information concerning UNIDO publications. 

 

For more information about UNIDO, please visit us at www.unido.org  

mailto:publications@unido.org
http://www.unido.org/


., 

ilESTRICTED 

June 1985 

ENGLISH 

·:r 

(f£•le.. . 
ASSIST:.NCE TO THE INSTITUTO FORESTAL 

IN INDUSTRIAL UTILIZATION 

OF WOODWASTE _, 

UC/CHI/83/192 

CHILE . 

_J 

Technical Report*· 

Mission 2 December 1984 co 16 April 1985 

Prepared for the Government of the Republic of Chile 

by ::he Uni ~d Nations Industrial De,,elopment Organization, 

acting as executing agency for United Nations Development Programme 

Based on the w~7k of K.H. Kehr, 

expert in energetic conversion of forest residues 

United Nations Industrial Development O~ganiza:ion 

Vienna 

This document has been reproduced without formal editing. 



"' . . . ,, 
. .. -\ -" 

.. . 
J 

' "= .. 

TABLE OF CONTENTS 

Glossary and Abreviations 

Summary 

Introduction 

Background 

I Objectives 

II Methodology 

III Excess ~cod.Balance 

IV Alternatives of Conversion 

V · Findings and Recommendations 

Annex 1 "Descr-ipci6n de Puesto~ 

(J'o~ Decription) 

Annex 2 Timing of Project Activitie~ 

and Visits 

Annex 3 Memo, dated 20 Dec. 1984 · 

Annex 4 Memo, dated ig March 1985 

Map of Chile 

Page 

1 

4 

5 

10 

12 

15 

17 

19 

24 

25 

33 

44 

45 



- 1 -

SUMMARY 

In the last 15 years Chile increased its pine plant~tions 

to 1.1 million hectares. The plantations will come up to 
almost 2 million hectares at the end of the cencury. This 

area will occupy only half of the un~sed Zorest land, 

located mainly in the coastal and central strips of the 

medium part of the country (Region V to X). Native hard

wood forests in the South and at the foothills of the 

Andean massif in the mediJm part of the country are not 

considered in this study due to lack of imp~~t in re

lation to actual management and industrial use. Forestry 

participates - as second but one behind copper (47 %) -

with 10 % in the total exports and with 2,5 \ in the GNP. 

Considering the next 15-year period (1985 - 99), residual 

wood is estimated and projected on conununal level as the 

sum of nc·:1-merchantable roundwood of low quality (pulp

wood standard) plus silvicultural and industrial residues. 

This has been done by computerized simulation of growth, 

silvicultural tr~atments, final cropp:ng and demand for 

traditional forest products as sawlogs and pulpwood taking 

in account local impact of alreac:iy ins·.:alled and projected 

processing facilities as sawmills, pclp and paper factories 

and particl~ board manufacture. 

Estimation and projection of fuelwood and charcoal demand 

- also siinulated by computer on communal level - is based 

on the actual consumption per capita and population in

crease - both rural and urban - in the residential sector 
and in the industrial secto~ on total final energy con

sumption and on participation patterns of wood and its 

derivates in the past. 
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The participation of wood grew from 13,6 % - after a 

decline from more than 23 % in 1963 - to 19~8 % in the 

period from 1972 to 1983 and is likely to increase to 

almost 30 \ at the end of the century. This approach 

widely cor.siders substitution of fossil fuels in 

residential as well as industrial sectors. Deducting 
local energy demand for fuelwood and charcoal from the 

local availability of residual wood there will be an 

increasing volume of excess wood on communal level 

which ~ill amount to 10 million solid m3 (4.5 million 

BOT) - or in energy terms 19 OUO Teal or 80 000 TJ -

annually,on an average and nationwide, in the last f~ve
year period (1995 1~99). 

This energy of excess wood corresponds to about 20 % of 

the total final energy consumptic~ of the country whic~ 

is imported at present to the extent of about 30 %. 

Energy costs of excess wood are compared with costs of 

fossil fuels in relation to steam costs produced in 

boilers on industrial scale, yielding substitution rates 

of up to 5.6 : 1 in the case of fuel oil and of up to 

2.0 : 1 inthe case of mineral coal, considering all prices 

at the fuel's site of origin. Therefore the econom~cs of 

specific conversion or substitution projects largely de

pend on the transport economy of excess wood or its deri

vates. In the recent pastr however, the country has al

ready substituted about 300 000 metric tons of fuel oil 

(about 3 000 Teal or 12 600 TJ) by exces~ wood and large 

substitution projects are actually under way on industrial 

~cale. 
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For that reason no new project on direct ccmbustion of 

wood for heat and power production is identified in 

this study. However, four new projects are recommended 

on the fields of pyrolysis, gasification, li-IUefaction/ 

hydrolysis/fermentation and indirect combustion in order 

to convert excess wood in energy, chemical feedstocks 

and chemical products. Highest priority is given to a 

mobile pyrolysis unit for integral carbonization yield

ing charcoal, pyrolysis.oil and gas, which could be 

operated in the forest. The second priority is given to 

gasification equipment for stationary and mobile units 

- already existing and burning fossil fuels or not -

with excess wood or charcoal as caw material. The third 

and fourth priorities are given to ethanol/protolignin 

production for substitution of liquid fuels, chemical 

feedstocks and imports, and to the production of car

bon blacks as import substitution. 
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INTRODUCTION 

1. The Technical Report in Spanish lanquaqe - under 

the title •uso Industrial de la Madera del Pino 

Insigne (Pinus radiata D. Don) - is still in the 

editing phase and would be available midth of 

May 1985 in its final version. The editing work 

is carried out by the Institute Foresta! of Chile. 

2. In its very early stage, the intention cf the prcject 

was the utilization of forest residues and industr~al 

wood ~aste as a raw material for particle board pro

duction. In view of the high capacities of such 

production already installed in Chile - and even 

worldwide - the Chilean Forest Institute proposed 

a study on the energetical conversion of forest 

residues which has been chosen as the principal 

objective for the special mission and expert's 

assistance to the Forest Institute. 

3. Basically, the corresponding job description !/ 
proposed the expert's assistance on establishing a 

progranune on the utilization of residues coming from 

both forest management and forest industry and wood

working activities. In principle, the progranune should 

consider the generation of energy of such residues 

including technical problems, transport and marketing 

of the final products • 

.!I see Annex 1 •0escripci6n del Puesto• 

' 
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4. In his special function the expert should assist the 

institute in the implementation of the project's 

objective, formin~ part of a local team composed by 

a f~~est engineer, financial analyse and an economist. 

The final task of the team was to determine tr.e three 

best suitable possibilities of energy conversion for 

the Chilean case, regarding the utilization of wood 

residues and giving priorities. The possibility with 

the highest priority proposed - considering its short

term implementation - should be presented on the level 

ol a Prefeas~bility Study. 

BACKGROUND 

5. In the past fif~een years Chilean enterpri~es planted 

some 1.1 million hectares of pine (Pinus radiata D. Don), 

and some 50 000 hectares of eucalyptus (Eucalyptus 

globulus Labill.), stimulated by generous state-financial 

incentives. These incentives cover practically the re

imbursement of alroc>st the total plan ta ti.on costs, ~xcept 

the costs of land. This immense plantation activity took 

place on unused and cheap forest land, with a total 

potential of more than 4 r.lillior. i~~ctares. 

6. It is to be expected that 50 000 hectares would be 

planted yearly, coming up to a total plantation area 

of almost 2 million hectares at the end of the century. 

This area would occupy only half of the available un

used forest land. This forest land is located exr;lus ively 

in the coastal and central zones of the country already 

denude from native hardwood forests during the last 
century and unsuitable for any agricultural \J:Je .±I · 

!/sec Hap of Chile 
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7. Most of the southern regions are unsettled ;ind widely 

stocked with native hardwoods as well ~s parts of the 

foothills of the Ancean massif in the meaium regions. 

These hardwoods have not teen considered in the project 

because they are traditionally used by the local people 

as sawn timber and fire-wooci, with sroall industrial 

imp~ct. 

8. Principal data ori the Chilean forest sector give a 
picture of its potential and its magnitude, as follows: 

- forest land incl. unused, 
protection and production 

forests 

- occupation (1980) 

- production value (1980) 

- export value (1980) 

- port demand (shippinq weight 

of timber and timber products) 

- percentage forest products of 

total export (1980),seccid but 

40 \ of total land 

are~ (7517 mill. ha) 

80 000 persons or 7 % 

of total population of 

11,7 mill. (1983) 

US i 780 mill. 

03 $ 468 mill. 

2,1 mill. metric tens 

one after cop~ar (47 %) 10 \ 

- participation of forest sector 

on Gross National Product (1980) 2,5 \ 

- consumption of forest products 9,1 mill. m3 (equivalent 
in primary forest industries to some 18 000 ha annual 

(1980) clearcut area) 

divided in: 
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- consumption of fuelwood 
{incl. charcoal_ in fuelwood 

equivalencies) 

- projection of yearly timber 

(roundwood) availability of 
standing pine wood by type 

of potential utilization 
(mill. m3) 
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saw logs 50,0 % 

pulpwood 31,0 % 

round wood 11,6 % 
(export) 

newspapers 2,8 % 

boards 2,4 % 

others 2,2 % 

100,a % 
--------------

8 kg per household/d 
(5 members per household) 

Period Saw logs Pulpwood Total per year 

Base 1980 6 650 3 516 

1983-85 8 129 3 816 

1986-88 a O.t4 4 611 

1989-91 10 627 ' 7 242 

1992-94 10 318 8 975 

1995-97 12 600 8 356 

1998-2000 26 356 14 a.:1 
2001-03 24 806 12 204 

- average ~istribution of round
wood availability according to 

regions (period 1985 - 2000) 

10 166 

11 945 

12 655 

17 869 

19 

20 

41 

37 

RegiO.'l 

VIII 
VII 
IX 
x 
VI 
v 

293 

956 

223 

010 

Percentage of total 
roundwood availability 

' 57 
16 
13 

7 
5 
2 

100 
=== 
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9. Availability projection in relation to the demand 

bas~d en the year 1980· shows the following figure: 

volune 
million m3 

.. 

.. 

.. 

Ill 

.. 'It-.,._~- - ·: .. 

' . 

.··· . t .. 
·I· 

.. -·-=; 

·-'·~- -~--·· ___ v __ 
PCl.Sical 
~mand ( 1980) 

~ 

-- - --- --- --- ._ ... , ___ --- ~rio:i 

This relationship between future availability and 

actual demand of standing pine wood on national level 

indicates that there would be an increasing suFplus 

of roundwood to be marketed, coming up to the fourfold 

volume at the end of this century, in comparison with 

the year 1980. The following table shows the yearly 
surplus of disponible standing pine timber and its 
relationship with the 1980's volume. 

Period 

1983-85 
1986-88 

1989-91 
.992-94 

1995-97 

1989-2000 
2001-0:) 

Annual Sur~lu:; 
(mill. m ) 

1 779 

2 489 

7 703 

9 127 
10 790 

31 057 

26 844 

Percentage 
in rel. to 1980 

17 
24 

76 

90 
106 

305 
264 

' 
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1 o. Actu; .ly it is to be expecteu in the best of the 

possible cases that only half of the surplus of 

standing pine timber co~ld be sold as traditional 

forest products (sawlogs and pulpwood), considering 

projections on national and international markets. 

The remainder consists practically of non-merchant

able roundwood of pulpwood quality (diameters from 

10 - 19 cm), including sawlog diameters (more than 

20 cm). The latter is of inferior quality and not 

merchantable as sawlog , due to the lack of silvi

cultural treatment in the past. Together with the 

major forest residues (diameters from 5 - 9 cm) 

this remainder from timber explotation activities 

is called in this report "residual roundwood" which 

in former studies was es·i.:imated at very considerable 

yearly amounts increasing from a~ut 2 to 10 million 

BOT l/ until the end of the century. 

Forest residues from delimbing and thinning activities 

during silvicultural treatment and industrial residues 

from milling of sawlogs, resawing of cants etc. are 

not yet considered within these figures. 

!/ BOT = bone dry tons (metric) 
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I OBJECTIVES 

11. Considering the magnitude of the available residual 

wcod from silvicultural and industrial activities 

the project has been expanded frora its original 

target of energy conversion of forest residues to 

the identification of industrial use of excess 

wood for non-traditional forest products as 

- energy 
- chemical feedstocks 

- chemical products. 

In accordance with the Government's poli~y, the 

project is aiming to: 

- substitute imports; 

- substitute fossil energy and feedstocks; 
Chile imports actually (1983) about 30 \ of its 

final ~nergy consumption (about 100 000 Teal~/) 
from which 90 % is consisting of crude petroleum 

and 10 % of mine~al coal; 

- cover partially the costs of standing pir.~ volume 

of plantations highly subsided by the Government; 

- ease financial liquidity to the investor before 

final er, "'Ping at the end of the rotation 

- normally 24 years at average • d conditions -

by utilization and local conversion of inter

mediate products as residual wood from thinning 

:I Tea 1. = Ter acalor ie = 10 
1 2 calor. ies 

= 4,1~ TJ (Terajoules) 
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activities. Oelimbing residues are class1.:ied 

as fine and minor residues only, which are not 
considered in this project due to their high 

collection and transport costs within the 
forest plantation (see Gl~ssary). 

ease f inancic?l liquidity tc the investor in case 

of marketing ryroblems due to the expected surplus 
of traditional forest·products; 

- increase the return on investment: 

create investment opportunities in remote regions; 

- develop non-traditional export products. 
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II METHODOLOGY 

12. Successful development of energetic chemical con

version of residual wood will mainly depend on the 

distribution of local supply and demand within 

subregions, rather than on its total inventory or 

availability. Fresh wood is a raw material with 

high moisture content and low calorific value or 

energetical density. Therefore the transport of 

residual wood is limited and conversion has to be 

taken place as near as possible to the site of 

origin. 

13. On the other hand local wood energy demand in resi

dential as well as industria~ areas is significant 

- about 20 % of total energy consumption or about 

20 000 Teal/year; 50 % of all households (about 

2,4 mill.) are using fuelwood or charcoal as basic 

energy for cooking and heating - and will come up 

to about 30 % till the end of the century due to 

the increase of population and substitution of fossil 

energy. 

14. Moreover, the Forest Institute had just finished 

inventories of pine plantations from the fifth to 

the ninth region including processing and storage 

in its own computer system. 
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15. Since this project should identify the possible 

industrial use of residual wood ~1 a long-term 

basis the following parameters for the three next . 
five-year periods (1985 - 89, 1990 - 94, 1995 -
1999) have be~n investigated: 

On communal level 

(There are almost 300 communities, about 50 provinces 

and 12 regions in ChilE:!). 

- ~vailability of timber based on the comi:-uterized 

management simulation of existing pine pla,1tations, 

including new plantations of 50 000 hectares yearly 

as well as silvicultural and industrial residues. 

The simulation was programmed and executed by the 
project; 

- demand of traditional ~orest products as sa~logs for 

export and local s~wmilling and pulpwood, taking in

to .1ccount installed local capacities of sawmills 

and pulpmills and its already identified expansion 
in the 15-year period. The export volume of saw

logs has been taken from existing estimates, coming 

up to about 1 mill. m3 roundwood per year; 

- balance between availability of timber and residues 

and demana of sawloqs as well as pulpwood in order 

to determine the availability of residual wood; 
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energy demand both rural and urban - on 
residential and industrial lev~l including 

fuelwood and its •derivates• (sawdust, bark, 

charcoal) and fossil energy which could bP. 

substituted by fuelwood and/or its dP.rivates; 

balance between availability of residual wood 

and demand of fuelwood and its derivates in order 

to determine the excess of residual wood on commu

nal level. This excess has to be transported to 

conversion centres, in its original form or to be 

densified mechanically to bundles, briquets or 
pellets. 

On provincial, regional and national level 

Alternatives of mechanical densification and 

chemical conversion of the excess wood; 

- transport economy of excess wood; 

develop!"lent path on chemical conversion of excess 

wood according to the Chilean case. 

• 
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III BALA?~~E OF EXCESS WOOD 

16. In acccrdan~ with the results of the forest manage
ment simulation the average annual production of 

conunercial roundwood will be in the range of 

20 mill. solid m3, considering the last five-year 

period (1995 - 1999). In peak years the production 
will increase up to 40 mill m3• In the same period, 

silvicultural and industrial residues are estimated 
at about 6 mill. solid m3 per year on an average 
level. 

17. The demand for sawlogs and pulpwood in the last five

year period would be in the range of 10 mill. solid m3 , 

leaving behind a non-merchantable volume of another 

10 mill. solid m3• Since the residual wood volume is 

defined as the sum of non-merchantable roundwood 

plus the volume of silvicultural and industrial 

residues there would be an annual availability of 
residual wood of 16 mill. solid m3• 

18. The energy demand on communal level has been estimated 

in 6 mill. solid m3• This volume has to be deducted 

from the availability of residual wood on conununal 
level again~ giving a volume of excess wood of 

10 mill. solid m3 or about 19 000 Teal 11. This means 

that - after covering the local demand of fuelwood and 

its derivates on communal level - the~e would be a 

nationwide volume of excess wood - of above mentioned 

amount - to be converted in energy, chemical feed-

.2/1 Teal = 235 BOT= 522 solid m3 
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stocks and c:iemical products. In terms of energy 

this volume corresponds to about 20 \ of the total 

energy consumption of the country. Furtheron. this 

means that part of the possibly expected increase ~n 

total energy consumption till the end of the century 

- to be caused by higher _industrial growth - could 

be covered additionally by excess wood besides the 

already discounted substitution of fossil energeties 

by residual wood on communal level. Of course, any 

unforeseen and therefore not considered increase in 

demand of traditional forest products as sawlog and 

pulp export must be satisfied with preference by 

this inunense volume of excess wood. Howev~r, it is 

very unlikely that the already considered demand for 

traditional forest products would be exeeded till 

the end of the century due to constraints on natio

nal and international markets and available invest
ment capital. 



- 17 -

IV CONVERSION ALTLRNATIVES 

19. After discussinq already existinq conversion tech

niques in Chile, the followinq technical and economical 

alternatives of densification and conversion of excess 
wood have been considere~: 

a) Mechanical densification 

- bundlinq 

- briquettinq 

- pellettinq. 

b) Chemical conversion 

- carbonization 

- combustion 

- qa~ i.fication 

- l!.quefaction 

hydrolysis. 

Table 1 indicates some technical and economical 

parameters of existing cases of chemical conversion 
of wood biomass, as follows: 
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V FINDINGS AND RECOMMENDATIONS 

20. In the field of oil substitution by direct com

bustion ~f excess wood there exists widely ex

perience in Chile and local as well as foreign 

consultancies are available. It can be assumed 

that in the last five-year period about 300 000 

metric tons of oil were substituted annually by 

excess wood in Chile, corresponding to annual 

savings of about US $ 60 mill. 

21. Table 2 shows the attractivity of oil substitution 

- and even of substitution of mineral coal - by 
excess wood, as follows 

F\Jel Price Eff iciency2/ Stean Cbst :celatials 

us 
F\Jel Oil t 6 225/t 9 630 

. coal 1 50/t 6 400 llWl. 

excess w:xxi: 
2/ 21 -rourxi~ !! 7 .85/t y 2 500 

-chips 41 32.80/t 61 3 000 
-p!llets ;::,( 67.00/t ::f 8 000 

of canb.1stion 
system 

' 80 
75 

60 
65 
80 

y UID!rprized, with tJ:end to 70 us Y,/t 

y 10 % m.c. (noisture content) 

y 45 % m.c. 

y 15 \ m.c., densificatial 2:1 

COsts 

tS 

29 200 
10 400 

l::ased oo S.ul:stitution of 
fuel Oil Mineral coal 

1.0 0.36 
2.8 1.0 

5 200 5.6 
16 500 1.8 
10 500 2.8 

2.0 
1.6 
1.0 

if op!ratial coniit.ials: 11 baJ:·, 100° C (saturated) 
§/ price at rocdside at forest 

In the recent past considerable amounts of fuel 
oil have been substituted by excess wood and large 

industrial substitution projects are under way. Even 

miner"! coal is envisaged for wood substitution by a 

large cement factory with own forest resources and 

sawmilling facilities, located only some 20 km from 

the coal mine. 
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Therefore nc further study or project for external 

aid has been identified on combustion of excess wood. 

22. Four projects are to be recommended for further 

studies since their ir.tplementation seams to be te:ch
nically and economically feasible at this stage. 

These projects are listed according to the~r priorities 
as follows: 

No. 1 - Mobile Pyrolvsis Unit 

for the integral carbonization of excess 

wood producing charcoal, pyrolysis oil 

and gas (see case If 2, Table 1). 

This project has been given the highest 
priority because of 

- conversion of excess wood within the 

forest saving considerable costs in 

transport of bulky and wet raw material; 

- production of charcoal for development 

of the industrial charcoal market. This 

market seems to be highly potential but 

it is not developed due to the lack of 

supply. This unit would yield - under 

high energy recovery - the following 
• 

products: 
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- 7 000 BDT/year of lump charcoal 

made from 21 000 SOT or almost 
SO 000 m3 0f excess wood; 

- 3 000 metric tons of pyrolysis oil 

for sale. This oil could be mixed 

with fuel o:i.l or could substitute 

completely fuel oil in existing 

boiler installation. The concept 
of recirculation of part of thQ 

hot pyrolitic gases to sustain 

the pyrolysis reaction - instead 

of air - yields a nearly corrosion

free ar.d non-aggressive PY=olysis 

oil which could be handled as any 
other fuel oil; 

- part of the off-gas would be used for 

own energy requirements of the unit 

and the other part ~~uld be used for 

heat and/or electric power production 

locally, p.e. tannin extraction unit 
from pine bark, electric power unit 
for electric chain saws etc. 

Within the Technical Report a study on pre

feasibilitr level regarding this project is 
included (see para 1) • 
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No. 2 - Gasif icdtion Equipment {producer gas) 

for mobile and stationary combustion 

engines and boilers with excess wood 

and/or charcoal as raw material. 

This project has been given the second but 

one priority because of 

- substitution of liquid fuels as petroleum 

derivates in remote areas and "island 

operations• as mining, fore~try, road 

building by gasifying excess wood; 

- substitution of liquid fuels in combustion 

engines of tractors and trucks as well as 

in boilers of industrial plants by gasi

fying charcoal with or without pyrolysis 

oil produced by integral carbonization or 

· pyrolysis {see project priority No.1 and 

cases * 5 and ·I'. 6 of Table 1) • 

No. 3 - Pilot Plant for Ethanol and Lianin 

using a combined liquefaction/hydrolysis 

process known as "Organosolv Wood Hydrolysis 

Process• or "Acid Catalized Organosolv 

Saccharification". 
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This project has been identified mainly 

because of 

- production of ethanol for direct sub

stitution of up to 20 \ of gasoline in 

cars (gasohol); 

- production of ethanol as chemical feed

stock; 

- production of protolignin (nearly unmodified) as 

chemical feed~tock for glue production 
t~tc.; 

- its suitability to convert large volumes 

of excess wood under a high energy re

covery (see case 11, Table 1). 

No. 4 - Plant for the Production of Carbon Blacks 

using excess wood from pine. 

This project has been identified mainly 

because of 

- import substitution of more than 6 000 

metric tons/year of carbon blacks for 

tyre and tube production and manufacture 

of inks and paints. 
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TIMING OF PROJECT ACTIVITIES AND VISITS 

The expert's mission started Qn 2nd December, 1984 and 

ended on 6th April, 1985, interrupted by an intermediate 

mission on behalf of the German Go\ernment from 

11th February, 1985 to 2nd March, 1985. Thi~ timing 

includ~s an expansion of the ex~ert's mission from 

originally three months by 15 days. 

The expert has been a~tached to the Institute Foresta! 

(:NFOR) in Santiago de Chile, formi~g part of a local 

team. The team consisted of a forest enginee~ rnd a 

chemical engineer as ~ermanent members and of other 

professionals and students commissioned temporarily. 

Interim reports have been sent to UNIDO/Vienna as 

follows: 

7/ 
20 th December, 1984:-

Interim report on methodology and 

execution of the programme •energy 

Conversion of Forest Residues in 

Chile"; 

19th March, 1985: 
a· _I 

Expansion of assignment. 

11 see Annex 3 

~/ see Annex 4 
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Visits and meetings were carried out as follows: 

4.12.84 

Santiago 

5.12. 

6.12. 

7.12. 

Fritz Werner Industrieausrustungen, 

Geisenheim/Germany 

Mr. Juan Antonio Carreno, 

Assistant to the Director of INFOR 

and Team Member 

Mr. Cesar Alarcon, 

Assistant to the Director of INFOR 

and Team Member 

Mrs. Paulina Pena, UNDP/Santiago 

Mr. Patricio Valenzu~la, 
Director INFOR 

Mr. Ernesto Rendel, 

Director PROCHILE 

Conference with Chiefs of Departments 

at INFOR 

Hr. Julio Segovia, 

Chief of Forest Branch, CORFO 

Mr. Hush and Mr. Jaime Latorre Alonso, 

Project Directors, CONAF/PNUD/FAO 

CHI/83/017. Investigacion y Desarrollo 

de Areas Silvestres. Zonas aridas y 

semi-aridas 



13.12. 

14.12. 

18.12. 

19.12. 

20.12. 

- 27 -

Technical Advisory Committee of INFOR 

Col. Hernan Velasquez, President 

H~. Ivan Castro, Executive Director 

CONAF (Forest Service) 

Hr. Omar Quintanilla, CORFO 

(Chilean Institute of Productivity) 

Hr. Patricio Valenzuela, Director INFOR 

Hr. Juan Antonio Carreno, 

Assistant to Director INFOR 

•Energy Talk• at CONAF, by 

Hr. Ramon Rosendo, Prof., 

University of Chile 

CNE (Nation31-C~mmission of Energy) 

Hr. Sebastian Bernstein, 

Executive Secretary 

Mr. Felippe Ceron, Assistant to E.S. 

Hr. Oscar Valenzuela, Electricity Branch 

Asociacion de Empresas de Servicio Publico 

Hr. Rafael Salas Rengifo, Director 

FAQ Regional Office for Latinamerica 

Hr. Sergio Salcedo, Forest Industries 

and Energy 

•silvicultural Talk•, INFOR, by 

Hr. Jose Antonio Prado 



21.12. 

26.12 

27.12. 

28.12. 

4. 1. 

7. 1. 
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Asociacion de Industriales de Madera 

(ASIHAO) 
Mr. Tomas Harrison, Director 

CORFO 
Hr. Luiz Alvarez, Electricity Branch 

Hr. Edmundo Hernandez, Energy Branch 

Court y Cia. Ltda. 
Hr. Gaston Court de Pedregal 

Industria de Maderas y Elementos Hadel Ltda. 

Hr. Wolfgang Tauber K. 

Industria H3derera Fernando Mayer S.A. 

Hr. Fernando Hayer R. 

Empresa Industrial Moreno Vial Ltda. 

Hr. Augustin Moreno Solar 

Hr. Sebastian Cruz Matte 

Industria Haderera Klingenberg S.A. 

Hr. Heinz Klingenberg 

Hr. Carlos Lundblatt B. 

CORFO 
Hr. Edmundo Hernandez, Energy Branch 

Servicio de Cooperacion Tecnica SERCOTEC/ 

CORFO Institute Chileno de Productividad 

Hr. Haximiliano Gutierrez, S., 

Chief of Exports 

Hr. Nemesio Araya R., 
Supervisor Development Programme 



Loncoche 

21.1. 

Valdivia 

22.1. 

23 .1. 
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Huebles Fourcade Soc. Ltda. 

Hr. Marcelo Fourcade sen .• Director 

Universidad Austral 

Hr. Hernan Poblete 

Hr. Roberto Kraus 

Hr. Manuel Monroy 

EHASIL - Industria de Terciados S.A. 

Hr. Rolando Figueroa F .• Director 

Maderas y Sinteticos S.A., HASISA 

Hr. Guiller:o Michaelis, Director 

Hr. Oscar Michaelis F., General Manager 

Hr. Guillermo Schwarzenberg 8., 
Technical Manager 

Industria Foliadora de Maderas S.A. INFOOEHA 

Hr. Ricardo Luck, General Manager 

Lenca I Puerto Hontt 

25.1. Industrias Forestales Ltda., INDUFOR 

Villarrica 

27 .1. Huebles Martini Ltda. 

Mr. Martini, Technical Director 

"j 

I 

I 



Concepcion 

28.1. 

29.1. 

29.1. 

Nacimiento 

29.1. 
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Universidad BIO-BIO 

Hr. Gerhard Stoehr 

CIDERE BIO-BIO (Regional Development Corporation) 

Hr. Dante Barbato Lopez 

Maderas Saenz S.A., MADESAL 

Mr. Victor Saenz, Vice President 

ARAUCO Foresta! Arauco Ltda. 

Mr. J. David Campos, Technical Director 

Foresta! Carampangue S.A. 

Hr. Matte, General Manager 

DITECO Ltda. 

Mr. Hans P. von Leyser, Director 

Fabrica de Celulosa Laja 

Mr. Fernando Martinez, Chief Department 
Process Engineering 

Ind~stria Foresta! S.A./INFORSA 

Hr. Eduardo Vial, General Manager 

Hr. Hernan Abal, Technical Supervisor 



~----------------------------~---- -~-

Hulchen 

29.1. 

Concepcion 

30.1. 

Lota 

30.1. 

Concepcion 

30.1. 
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Aserraderos Hininco S.A. 

Mr. Ivan Arenas Czischke. 

Supervisor of Production 

Industria Nacional de Cementa S.A. 

Mr. Ulises Palli Bavestrello. 
Director Division Bio-Bio 

Hr. Jorge Matus Campos. 

Chief Studies and Development Branch 

Mr. Abraham Poblete Trampe. 

Supervisor of Production 

Soc. Agricola y Forestal Colcura S.A. 
Hr. Pedro ijrmeneta H., 

.Director of Operations 

Calefactores Gravitacfonales 

Hr. Jose s~~ Juan Quezada 

Santiago/Puente Alto 

7. 2. Cia "anufacturera de Papeles y Cartones S.A. 
Hr. Antonio Albarran Ruiz-Clavijo, 
Director Engineering 

Hr. Julio de la Fuente Ibar, 

Engineering Branch, Thermal Operations 

Hr. Ricardo Souter Garcia-Huidobro, 

Consultant in Forestry and Forest Industries 



...-----------~---------------- - - --

7.2. 

Santiago 

18.3. 
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CHIHOLSA 

Hr. Patricio Neumann 

Universidad Catolica de Chile 

Hr. Juan Antonio Guzman H., 

Chief Department of Chemical 

Engineering 

Hr. Rodrigo Jordan, 

Assistant Prof cssor 
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MEMO 

CMF 
Consul. It M•n•gcmcnl Gn1~ll 

f or•I· und l1ol1wirhch.lll 

Foti Hr•. D. Runca, UNIDO/lnduatr1al Operation1 D1v111on 

Fr0too1 Karl ff, Kehr, Expert 1n Ener9etlcil Conver11on of 
Foreat R~1idue1 (Conaultant in FQreat 
and Woodworking lndu1trie1) 

Pro1ect1 UC/CHl/IJ/192 - Aaai1tance to the ln1tituto Foreat1l 
in Induatri1l Utilization of Woodw•ate 

Sub1ect1 lnteria "8port on Mlthodology ind Execution of the 
Progra .... •sner,.tical Convereton of ror•1t Re11duee 
in Chile• 

1. Aa aqrecd during ay briefing etay at Vienna, plea1e find 
encloaed the En9lieh V.raton of ay propo11l. 

2. The reapect1ve t1ae echedule haa been draftea v1thin the 
contracted tlae of three aonth,, 9iv1n9 rooa for tr1vellin9 
Mld br1ef 1n9/debriefin9. 

l. Nevertheleaa, the pro9r.._. 11 rather packed and delay nf 
work• to be executed by the local pereonnel of 1upport i• to 
t.. expected due to the i .. inent Chrieta11 and New Y••r fe1ti
v1la and be1n9 the aonth of February the •holid1y-1110nth• in Chile, 

4. Therefore, I peraonally would like to aplit the a1aa1on froa 
l'ebr, 11 to thirch J, 1915 for 20 d1ya, if euch I procedure 
would be 19rHd betwen GTI M\d UNIDO. I talked thia -tter 
over 1lreldy with the feOple of the roreat Institute CINFORt, 
who fully 19reed with •Y proposal, in order to hive th••• 
d1ya diepoaable for pulling up poeaible delaye. 

s. Generally, I found 9ood acceptance and cooperation of the 
Chilean 1ut9'oritiea. Specially, there are already available 
co.puteriaed baeic d1t1 on foreat inventory and aana9ement 
on 11Unicip1l level - 1lao non-coaputeriaed energy data -
ae wll •• akilled engineers in progr11111ain9 and a1111Ul1tlon 
of r.Ollf!Ut•riaed aodele. 

'· The progra- ••••• to be quite &lllb1Uoua, but we •-Jreed 
that w ahould etart froa the point of view of 111ajor loc11 

./. 
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CMF 
Con1ulllng It M•n•o1man1 Onobtl 

fotll• 1ind Hol1wirl1ch~fl 

congruency or av1Jl1bility or re11due1 ind energet1c1l 
dem1nd, Thu1, we will hive to think on mech1n1c1l ind/or 
phy1ic1l/chem1c1l pre-den11f 1c1tion only in c•se of tr•ns
port of forest re•iduas to other dem1nd centre~, •Jnca the 
Vilbility Of -'ldels Ind project1 leem1 to be V•ry •ensible 
to tr•n1port w.•t•nce• •nd co1t1 in rel•tion to oner9etic1l 
den11ty end recuper1tion of prim1ry energy during c~nver-
1ion of tr•n1ported goods, 

ltul ff. ltehs 
;, .y. ._,\.·,,~,,··,c,,1""4.t'4 

w 
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Encloa11re copiea1 C•> Proyer.to Ener9ettco (lp1nhh Ori91nal) 
(bl Ener9etlc Project CEn9111h version1 
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ENERGETIC CONVERSION OF WOOD RESIDUES 

(INFOR - ONIDO} 

A. ACTIVITIES 

For the execution of the programme in the avail.able: time 

of three months !I, the following main activities are 

suggested: 

ACTIVITY 1 

Estimate and roiection for the otential availabilit 

of wood residues _I 

Comments 

a} Pine and eucalyptus plantations, established in V to 

rx Region, will be mainly taken into account. The 

native forests will be intensively treated in X Region 

only, due to nearly 90\ of the national surface of that 

forest being in that Region of the country. 

b} The estimate for the potential availability will be 

tried to be undertaken at commune level, in Regions 

V to IX (170 conununes from a total of 285) for the 

following reasons: 
.. l 

- Basic data are available at commune level of the 
... 

forest~ for these Regions, kept in INFOR and CIREN 

computation syst~ms. 

- 93\ of the total pine plantations and 90\ of the 

total area of the country~s planted eucalyptus are 

in these Regions. 

!/ See. chapter c. Time Schedule 

11 Projection for 15 years (1985 - 1999) 
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c) The estimate for the potential availability in the 

othe~ regions will be tried to be undertaken at provincial 

and regional levels only. 

d) Data concerning waste availability will be divided into 

occurrence, form, volume, yearly distribution, residue 
Cc:··;-

cost itself and its trailsport~tio~i~ relation to distance, 

energetic density and recovery. 

e! The term •wood Residues• is understood to mean residues 

originated from either plantations as a consequence of prunings, 

thinnings and final crops, or of the industrial plants. 

Of the wastes originated from silvicultural treatments or 

final crops, the remaining longer-sized residues will only be 

taken into account after discounting frcm the total output of 

the stands the main forest products as round •oods, sawn timber 

and pulpwood. 

In general terms, this study will not ccnsider the minor and 

fine rssidues for the energetic utiliza~ion, since it is con

sidered as the minimal ~equirements of nutrient return to the 

soil. 

Furthermore, one must mention that the term residues cannot 

be rigorously construed in relation to its limitation towards 

the mai.~.1 forest products, regarding diameter, length and quality 

of wood. These main iorest products can also be destined for 

energetic ~onversion provided that they are marketable and that 

the cost/benefit ratio makes it economical. In the same way, 

under certain cirr.~11Stances, the products alrearly mentioned as 

larger-sized re',i.dues could be used as pulpwc)Od according to 

the same previously mentioned criterias. 
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It must also be mentioned that the f i.rtal. products 
from the energetic conversion of biomass include not only 
fuels but raw materials for the chemical industry in 

general. 

ACTIVITY 2 

Esti~ate and projection for the country!s energetic demand 

Comments: 

a) It refers to all energetics. 

b) The potential d~mand estimate will be tried to be established 

at commune level in Regions V to IX, _since the respective 
information concerning availability of wood residues for 
those Regions will also be segregated at commune level 
(see Activity 1}. 

c) The esti.nate concerning the other regions will be established 

at proviucial and regional levels. 

d) The existing informat~on about energy will be completed with 
the Comisi6n Nacional de Enerq1a, Instituto Foresta!, Empresa 
Nacional de Electricidad S.A., CORFO and other authorities. 

e) The information will be divided into occurrence, form, amount, 

yearly distribution and energetic and transportation costs in 
relation to distance, energ~tic density and recovery. 
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ACTIVITY 3 

Determination of local and stational congruence between 

residue availability and energetic demand 

Comments: 

The ;:>ossible incongruence can be solved by transporting 

the residues from places of larger availability to places 

of larger demand with or without a larger energetic densif i

c~tion and. 

ACTIVITY 4 

Assessment of the conversion an<!_.enerqetic densification 

alternatives for the wood residuP. for the Chilean case 

comments: 

a) UndPr the term "Chilean Case" the advancement of technology 

and inv~stment in low and medium terms is referred to, 

within the economy of scale. 

~) Within this asses~~ent, it can be distinguished between 

the improvement of technologies already existing in the 

country ;:nd the introduction of new technologies. 

ACTIVITY 5 

Investigation on the way and costs of transportation for 

the different energy forms from :.rood residues 

fgmments: 

a) This investigation is limited to the possibilities assessed 

for the Chilean Case (see Activity 4). 
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b) It will be basically tried to establish the maximum 

distance radius economically acceptable for-transpor

tation of the residues or its derivates to solve the 

likely lack of congruence (see Activity 3). 

ACTIVITY 6 

Elaboration of theoretic models for the energetic conversion 

of wood residues in the Chilean Case 

ACTIVITY 7 
fa~~ 

Determination of the potential development ~hods for the 

energetic conversion of wood residues in the Chilean Case 

ACTIVITY 8 

Conclusions and recommendations 

Comments: 

a) Determination of the three most convenient alternatives 

of energetic conversion of wood residues in order of 
priority. 

b} Elaboration of a techno-economic pre-feasibility project 

for the most convenient alternative to be recommended, 

at short term, from the three alternatives mentioned 
in point a). 

-I 

I 

I 
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ACTIVITY 9 

Preliminary Report 

Comments: 

After assessing the preliminary report by the Instituto 

Forest~!, the final report will- be made. 

ACTIVITY 10 · 

Terrain Inspections 

Conunents: 

a) The terrain inspections will be made on two different 
trips. The first trip will mainly be devoted to inspect 

the existing technologies of energetic ~onversion in 
the country. On the second trip, the necessary infor
mation will be collected to establish theoretic models 
concerning the Chilean Case (Activity 6), after having 
obtained the information about congruence / incongruence 

between availability and demand (Activity 3) estimated 

by Activities 1 and 2 and the basic dates concerning 

economic study of transportation (Activity 5). 

b) To prepare and carry out the terrain inspections, INFOR 

Regional Division will support this activity. 

c) The first trip will include the V Region and Metropolitan 
Region by means of a vehicle provided by the Institute, 

and for the X Reqion by plane. 

• 

• 
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d) The second trip will include travelling to VI, VII, 

VIII and IX Regions by plane to Concepci6n City, 

and travelling within the area by a vehicle provided 

by the Institute. 

B. SUPPORT UNIT 

In order to carry out the programme described, it is 

necessary to count on an Institute's support unit, 

whose make-up is suggested to be as follows: 

1. To process the bas·ic data at the forestry inventory· 

at conmune, province and region levels, already 
existing in INFOR computation system, it is suggested 

to have a fore3try engineer available for a total 

time of 3 weeks. 

2. Mr. Manuel Cabello, Forestry Engineer, is proposed 

to simulate, with a total time of t weeks, the data 

processed from the forestry inventory in order 

to estimate and project (1985 - 1999) the potential 
availability of wood residues and other simulations 

concerning energetic demand and to determine the 

congruence and investigate the transportation costs. 

3. A draftsman is needed for the graphical presentation 

and cartographic work of the data processed, with a 

total time of 4 weeks. 
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4) For the study of the economic models of transportation 

and the techno-economic prefeasibility study, the 

support of two engineers/week of the INFOR's Divisi6n 

Estudios Econ6micos is required. 

5) In order to up-date the respective data, such as product 

prices, costs, volumes, production, etc. at enterprise 
level, the support of 4 engineers/week of INFOR's Divisi6n 

Regional is required. This support work is required before 

and during the terrain inspections by the permanent project 

staff. 

• 
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The programme will be developed within 

the time constrain~ as follows: 

First month Second manth Third month 
{Dec. 84) {Jan. 85) (Febr. 85) 

ACTIVITIES 
l availability 

residuP-s 

2 eemand 
energy 

3 conqr. avail./ 
demand 

4 technical 
alternatives 

5 transport 
study 

6 technical/ ecor • 

models 

7 development ...-path 

tS conclusions 
& recomm. 

9 report 

10 terrain - -visits 

PERMANENT STAFF 
UNI DO-expert 

k>cal support 
expert 

TEMPORAL STAFF . 
irn.entory expeI'1 

simultat. expert -fin. & econ. 
analyst - ... 
draftsman 
support of re-
qlonal division 



Annex 4 _,_ 
- 44 -

KIC/KE-924 
March 19th, 1935 

HEM 0 

Por1 Mrs. o. Runca, UNIDO/Industrial Operation Division 

Fror.i: Karl H. Kehr• Expert in Energetical Conversion of 
Forest Residues (Consultant in Fcrest and Wood
working Industries) 

Project: UC/CHI/83/192 - Assistance to the Institute 
Forcstal in Industrial Utilization of Forl!st 
Residues 

Su?:>ject1 Expansion of AssiCJDment 

1. The Institute Forestal has asked officially for the 
expansion of my assiCJDment by 15 days, throu9h the 
U1-:DP-office at Santiago (Chile). 

2. I · ... -oulc like to underline this application since 

a) works to be executed by local personnel as dis
p~nibility of forest residues and enerqetical 
demand are 4elayed, a~ to be expected (see item 3 
of my ~-;ero RK/AE-1753, dated December 20th, 1984): 

b) the recent earthquake put out of order the coaputer 
system of the institute and is still causing faults 
in the assistance of local personnel involved in 
the project due to home calamities. 

3. If you a~ree to the expansion my SpP.cial Service Agree
ment No. 94-589 should be amended making :ny contract 
effective over the ~riod Dece~ber 2nd, 1984 - April 5th, 
19SS (see AMPOGRAM, Ref.: PRU/85/PPRS/APP/JMT, dated 
January 17th, 1985). 

4. I finished the interruption of my assifnment from 
February 11th to March 2nd, 1985, on sel"Vtce for the 
German Government. Please, arrange DSA-payments takinq 
in account 

tor 

~) full rate after returning from Bolivia and Paraquay 
(see Telex-requ-est UNDP-/Santia90 66, dated March 6th, 
1985)• 

b) eventual expansion of contract. 

Kehr 

.. 

• 
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