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This report was prepared as an account of work spon­
sored by the United States Government. Neither the 
United States nor the United States Department of 
Energy, nor any of their employees, nor any of their 
contractors, subcontractors, or their employees, make 
any warranty, expressed or implied, or assume any legal 
liability or responsibility for the accuracy, com­
pleteness, or usefulness of any information, apparatus, 
product, or process disclosed, or represent that its use 
would not infringe privately owned rights. 



ABSTRACT
 

This report presents the results of an engineering and economic
 
assessment of new and retrofit industrial combustion equipment for
 
wood fuel use in Papua New Guinea. Existing industrial combustion
 
equipment and practices in Papua New Guinea is appraised. Potential
 
industrial wood fuel systems that utilize wood, wood wastes, charcoal
 
and pyrolytic oils and which are particularly applicable to Papua New
 
Guinea are identified. An economic assessment of wood fuel systems
 
is conducted for eleven case studies which are representative of a
 
cross-section of Papua New Guinea industry. Conclusions and recom­
mendations are presented to aid both government and industry in Papua
 
New Guinea in fostering the development of appropriate wood fuel
 

technologies and thereby help displace the consumption of imported
 

petroleum.
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FOREWORD
 

This study was performed for the Government of Papua New Guinea 
(PNG), Department of Minerals and Energy. The study was sponsored by
 
the United States Agency for International Development, Office of
 
Reimbursable Development Programs, and managed by the United States
 
Department of Energy, Pittsburgh Energy Technology Center (PETC).
 

A two-week mission to Papua New Guinea, in April 1980, was
 
conducted to assess existing industrial combustion equipment and
 
practices in PNG. The mission members included:
 

Mr. Mathew Mendis - The MITRE Corporation 
Mr. Edward Sharp - The MITRE Corporation 
Mr. Robert Chronowski - Cleaver-Brooks Division, Aqua-Chem Inc. 

Mr. Charles McCann - U.S. Department of Energy, PETC. 

While in PNG, both Mr. Larry Weick and Dr. Kenneth Newcombe of the
 
Energy Planning Unit, Department of Minerals and Energy, provided
 
assistance in coordinating and guiding the mission. Their assistance
 

In providing data continued throughout the duration of the study.
 

Several MITRE staff contributed to various efforts in this
 
study. Most notable are Mr. Alberto Sabadetl, Ms. Lisa Kerkeremath,
 
and Ms. Barbara Williams.
 

The information and views expressed in this report are those of
 
the authors and do not necessarily constitute the views of the U.S. 
Department of Energy, the U.S. Agency for International Development,
 
or the Government of Papua New Guinea. Use of trade names does not
 
necessarily constitutes endorsement or preference of products or
 
equipment. Estimates of the equipment costs and performance charac­
teristics are based on vendor data and the best judgement of the
 
authors. They are not attributable to a single manufacturer, vendor,
 
or individual with proprietary interests.
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EXECUTIVE SU&MARY
 

This report presents the results of an engineering and economic
 

assessment of new and retrofit industrial combustion equipment for
 

wood fuel use in Papua New Guinea (PNG). The purpose of the report
 

is to provide information to aid both government and indust, PNG
_n 


to develop and adopt appropriate wood fuel technologies. Industry
 

presently accounts for 40 percent of the total national energy
 

consumption, of which 75 percent is imported petroleum. The
 

Government of PNG wants to foster use of wood wastes and wood
 

resources to replace much of the petroleum consumption in industry.
 

This report identifies and evaluates new and retrofit technologies,
 

applicable in PNG, that use wood and wood-derived charcoal and
 

pyrolytic oils. Industrial wood fuel technologies potentially
 

applicable in PNG are listed below:
 

* 	Pyrolytic oil-petroleum mixture combustion
 

* 	Pyrolytic oil combustion
 

* 	Lump or crushed charcoal combustion
 

* 	Hogged or chipped wood combustion
 

* 	Crushed charcoal gasification
 

Hogged or chipped wood gasification
 

* 	Pulverized charcoal-oil mixture combustion.
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These technologies were selected as a result of a match between
 

existing combustion equipment and practices in PNG (see Chapter 2.0)
 

and an assessment of the state-of-the-art and commercial availability
 

of industrial wood fuel use systems.
 

The primary recommendation of this study is that the use of wood
 

fuels by Industry, in many instances, is economically attractive and
 

should be encouraged. Specific recommendations are summarized below,
 

Recommendations
 

* Encourage the use of wood, pyrolytic oils, and charcoal as
 
industrial fuels, especially when new industrial combustion
 
equipment is contemplated.
 

* Encourage the use of wood and pyrolytic oil retrofits for
 
existing, heavily used and well maintained industrial equip­
ment.
 

e 	Establish guidelines for standardizing new wood fuel tech­
nologies introduced to PNG. This will minimize diversity
 
and thereby reduce spare part supply problems and maintenance
 
problems. Standardization will enhance the manufacture of
 
some components in PNG and permit a wider application of the
 
present short supply of trained technical personnel.
 

* 	Develop a financial or tax assistance program to aid small
 
industry in securing the substantial capital investment
 
required to implement wood fuel technologies.
 

* Provide technical assistance to small operators to help

"tune up" existing combustion equipment and thereby help
 

conserve fuel.
 

e 	Encourage alternative renewable energy technologies where
 

applicable, such as solar energy for crop drying, fuels from
 
biomass, and wind energy for electricity.
 

A brief summary of key observations made as a result of an
 

information gathering mission to PNG is presented below.
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Observations
 

0 	With a few exceptions, industrial combustion equipment in
 
PNG is relatively small in size.
 

e 	The majority of industrial petroleum consumption is for
 
steam generation or process air heating.
 

a 	The efficiency of most small combustion equipment is much
 
less than optimum.
 

t 	There is a shortage of technical trained labor to properly
 
operate and maintain existing combustion equipment.
 

* 	There has been a tendency to overdesign equipment capacity.
 

* 	There is a major concecn, on the part of industry, about
 
future fuel supply reliability and costs.
 

* 	The PNG Government is committed to deterring the rapid
 
growth of petroleum use in industry by fostering the use of
 
alternative fuels.
 

Details of potential technical, institutional and economic
 

barriers to the successful growth of wood fuel use in PNG industry
 

are discussed in Chapter 2.0.
 

Subsequent to the site visit, an engineering and economic
 

assessment was conducted of the wood fuel technologies applicable in
 

PNG. Eleven case studies, representative of a cross-section of PNG
 

industry fuel systems, were selected. In each case study, new or
 

retrofit alternative fuel systems (generally wood based) were com­

pared against the existing fuel systems (generally petroleum based).
 

The basis for the economic assessment was a comparison, within each
 

case study, of the net present value (NPV) of expenditures for
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capital, fuel, operation and maintenance of each system. The NPV
 

was evaluated for discount rates of 11 percent and 20 percent to
 

represent a range of returns on investments for PNG industry. The
 

wood and petroleum fuel prices used in the study are presented below:
 

FUEL KINA/TONNE KINA/106 Btu
 

176 4.17
 

Distillate oil 

Residual oil 


310 7.81
 
Kerosene 332 7.49
 

Wood logs 25 1.34
 

Lump charcoal 75 2.73
 

Pyrolytic oil 85 3.22
 

Estimates of the capital and operating costs assumed for each
 

fuel system are presented in Chapter 4.0. The main conclusions of
 

the technical and economic analysis, outlined in Chapters 3.0 and
 

4.0, are listed below.
 

1In the economic analysis, presented in Chapter 4.0, the criteria
 

used is NPV of savings in expeditures of the alternative fuel system
 

when compared against the expenditures of the existing fuel system.
 

This approach permits accounting for the tax implications of each
 

alternative. Thus, the system with the highest NPV of savings in
 

expenditures is the most economical.
 

2Price in Kina per 
oven dry tonne.
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Conclusions
 

e 	Wood fuel systems are attractive for industries that have a
 
high use factor. Systems with low use factors do not realize
 
sufficient fuel cost savings fo offset the high initial
 
capital investments required.
 

The following conclusions are based on systems with annual use
 

factors greater than 0.5.
 

" 	Alternative wood fuel systems generally have a positive NPV
 
of expenditure savings when used to displace petroleum-fueled
 
systems. The economics of the wood fuel systems are more
 
attractive when displacing distillate fuel (#2 oil) than
 
residual fuel (#6 oil).
 

" 	Pyrolytic oil systems, when applicable, are the most econom­
ically attractive alternative. This advantage is maintained
 
over a wide range of discount rates.
 

" 	For a 250 HP boiler retrofit, the pyrolytic oil option
 
yields the highest NPV. The 70/30 pyrolytic oil-petroleum
 
mixture, the LBG wood gasifier, and the 50/50 charcoal-oiL
 
mixture systems all yield a positive but slightly lower NPV.
 
The LBG charcoal gasifier is economical when displacing the
 
higher priced distillate fuel but not economical for
 
displacing residual fuels.
 

" New automatic stoker wood and charcoal boilers are more
 
attractive economically than either new distillate or resid­
ual-fueled boilers. In general, the NPV of wood boilers
 
increases relative to that for charcoal boilers with in­
creasing boiler size and decreasing discount rates.
 

* 	The pyrolytic oil retrofit system yields the highest NPV in
 
expenditure savings for an existing distillate-fired hot air
 
furnace. The 70/30 pyrolytic oil-petroleum mixture and LBG
 
wood and charcoal gasifiers also yield positive NPVs.
 

iUse factor is determined as the percentage of time the system is
 
used.
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e 	Neither automatic nor wood charcoal stoker systems nor LBG
 

gasifiers provide positive economic returns when compared to
 
improving the efficiency of the existing, manually-stoked
 
wood furnace and utilizing it for its remaining service life.
 

o 	Both new automatic wood and charcoal package hot air
 

furnaces are more economically attractive than an equivalent
 
new distillate oil furnace.
 

The following conclusions are based on an assessment of six
 

specific cases in PNG visited by the study team.
 

o 	Utilization of charcoal or a charcoal-coal mix for BCL's
 
(Bougainville Copper Limited) proposed power plant expansion
 
is not an economically attractive option. However, the
 
proposed power plant expansion utiLizing coal should be
 
encouraged. Coal-based power generation can be used to
 
displace present oil consumption both at the power plant and
 
at other locations on Bougainville Island.
 

e 	The use of both pyrolytic oils and fuel conservation
 
measures can provide substantial savings to BCL's ore con­
centrate operation. 

o The potential use of pyrolytic oils in the A.C.I. Glass
 
furnace at Lae should be encouraged, pending positive
 

combustion research and test results.
 

o 	Electricification of the Arawa Hospital boilers should be
 

considered.
 

e 	Solar crop drying techniques for the tea withering and 
tobacco curing processes should be investigated in more
 
detail. 

General information on wood fuel technologies, manufacturers, 

vendors and approximate costs are presented in Chapter 3.0 and
 

Appendices A through D. Chapter 3.0 identifies the wood combustion
 

and conversion technologies most appropriate for PNG, and discusses
 

specific aspects of these technologies that are germane to PNG.
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Appendix A presents a general survey of wood combustion and con­

version equipment manufacturers and a state-of-the-art discussion of
 

wood fuel technologies. 
Appendix B presents the list of equipment
 

suppliers contacted for purposes of 
this study. Appendix C presents
 

average prices quoted for typical wood fuel equipment, and Appendix D
 

lists U.S. suppliers and manufacturers of wood fuel preparation,
 

handling and storage systems.
 

The economic assessment of alternative fuel options was based 
on
 

the NPV of savings in expenditures when compared to the expenditures
 

of the existing fuel system. A presentation of the basic equations
 

used for the NPV analysis is outlined in Appendix E. A FORTRAN
 

computer program, based on these equations, was developed to facil­

itate the calculations and sensitivity analysis. The program is
 

presented in Appendix F. Finally, Appendix G presents the PNG
 

itinerary of the mission members.
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1.0 INTRODUCTION
 

1.1 Background
 

The objective of this study is to evaluate the feasibility of
 

utilizing wood and wood-derived fuels to displace imported petroleum
 

in industrial and commercial combustion equipment in Papua New Guinea
 

(PNG). To accomplish this objective, existing industrial combustion
 

equipment and practices in PNG were appraised during a two-week site
 

visit. A subsequent engineering and economic analysis of wood fuel
 

combustion technologies, appropriate for use in PNG, was performed.
 

The results of observations during the site visit and findings of the
 

subsequenit engineering and economic assessment are presented in this
 

report. The report is intended to aid both government and industry
 

in PNG in evaluating those wood fuel technologies most appropriate
 

for PNG.
 

1.2 Outline of Analysis
 

An outline of the analysis path used for this study is presented
 

in Figure 1-1. To gain an understanding of current industrial com­

bustion equipment and practices in PNG, the study team spent two
 

weeks visiting over 25 installations throughout PNG. The areas
 

visited are shown on the map in Figure 1-2. The appraisal of exist­

ing conditions, practices and concerns of industry relating to fuel
 

use and combustion equipment is discussed in Chapter 2.
 

Subsequent to the site visits, an engineering and economic
 

assessment of appropriate wood fuel conversion and combustion
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technologies was conducted. Current process developers and vendors
 

were contacted and general cost and performance data were obtaiied.
 

A discussion of industrial wood fuel technologies is presented in
 

Appendix A.
 

Based on the state-of-the-art wood fuel technologies and the
 

appraisal. of industrial equipment and practices in PNG, the following
 

wood fuel technologies were identified as potentially applicable in
 

PNG:
 

* Pyrolytic oil-petroleum mixture combustion
 

* Pyrolytic oil combustion
 

" Lump or crushed charcoal combustion
 

" Hogged or chipped wood combustion
 

" Crushed charcoal gasification
 

" Hogged or chipped wood gasification
 

" Pulverized charcoal-oil mixture combustion.
 

A discussion of the technical aspects of these technologies, as they
 

relate to conditions in PNG, is presented in Chapter 3.
 

A detailed economic assessment was conducted for several generic
 

and specific case studies of wood fuel technologies that are relevant
 

to PNG. The case studies and associated economic assessments are
 

presented in Chapter 4. Equipment cost and operating parameter
 

estimates were derived from discussions with current commercial
 

vendors. A list of the vendors contacted is presented in Appendix B.
 

The average quoted costs for major equipment were determined and
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these are listed in Appendix C. A list of the major suppliers and
 

manufacturers of wood fuel preparation, handling, and storage systems
 

is presented in Appendix D.
 

The economic assessment was based on a comparison of the net
 

present value (NPV) of the savings in expenditures of alternate
 

technologies when compared to the existing technology (see Appendix E
 

for NPV equation). 1 Two discount rates were used: 11 percent to
 

reflect those industries which place a high value on fuel supply
 

reliability and, as such, are willing to forego normal target
 

returns; and, 20 percent to reflect a reasonable rate of return for
 

industry in PNG.
 

Inflation rates between wood fuels, petroleum fuels, labor,
 

utilities and maintenance costs are incorporated in the analysis.
 

Along with the basic economic assessment, an extensive sensitivity
 

analysis was conducted and these results are presented in Chapter 4.
 

A FORTRAN computer program to facilitate the NPV analysis, developed
 

specifically for this project, is included in Appendix F.
 

1.3 Wood as an Industrial Fuel for Papua New Guinea
 

Industrial energy consumption in PNG accounted for 40 percent of
 

the total national energy consumption in 1976 (see Figure 1-3). Of
 

this, 75 percent (or 30 percent of the national total) is imported
 

ISavings in expenditures are used instead of gross expenditures
 

in order to account for corporate tax effects.
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petroleum, almost all being residual or distillate fuel. Imported
 

petroleum in industry is used mainly for steam generation oL process
 

air heating.
 

Rapidly rising prices of petroleum fuels threaten the growth of
 

industry in PNG. At present, there are no known economic reserves of
 

oil, gas or coal. However, large forest resources are available.
 

With the potential for tree farming, the expected rapid growth of the
 

lumber industry and the increasing availability of wood waste, wood
 

as a fuel resource for industry must be seriously considered.
 

Approximately 86 percent or 40 million hectares of thp land area
 

in PNG is covered by forests.1 An estimated breakdown of the
 

availability of these resources is presented in Table 1-I. As indi­

cated, present logging operations account for a harvest of 1.2 mil­

lion cubic meters of timber per year. A large volume of logging
 

waste is generated in the process of harvesting this timber. Esti­

mates of the logging waste range as high as 40 percent of the har­

vested timber. Although the production of logging wastes is high,
 

availability is limited because the wastes are dispersed in generally
 

remote areas. Use of these wastes requires collection, transporta­

tion and processing. The economics of such a proposition must be
 

'The discussion of wood and wood waste resource in PNG presented
 
here is extracted from References 1, 2, and 3. The discussion is
 
not intended to be comprehensive but is presented to illustrate the
 
abundant availability of wood and wood wastes as a potential
 
resource for industrial fuel.
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TABLE 1-I
 

PAPUA NEW GUINEA FOREST RESOURCES (1976)
 

Million Ha 
3

Million m 

Inaccessible Forest 21.5 
Accessible Forest 19 
Operable Forest 15 1480 

EXISTING ANNUAL (1976) RESOURCE USE (1000m ) 

Log Expurt 520
 
Sawmill 438 
Chipmill 250
 

Total 1208*
 

*Note: At this rate, PNG could operate in virgin timber for 1,225
 

year. 



weighed against the costs of other available resources. However, the
 

negative environmental and future land use costs of leaving logging
 

residues in place also must be evaluated,
 

Alternatively, sawmill residues are presently an economically
 

attractive source of wood waste. Sawmill residues typically include
 

sawdust, shavings, offcuts, bark, veneer cores, pulpwood fines, and
 

condemned timber. Additioually, these wastes are available in a
 

central location, generally near industrial centers and/or navigable
 

water, thus minimizing potential transportation costs (see Figure
 

1-4).
 

Present sawmill wastes alone are estimated at over 400,000
 

m3 /yr. In most cases, the wastes are burned in open burners or
 

discar.ed, causing serious environmental problems and presenting an
 

economic burden to sawmill operators. In some instances, the wastes
 

are used at the sawmills to fire boilers or to make charcoal. This,
 

however, accounts for only a small fraction of the wastes produced.
 

Assuming that 90 percent of the sawmill wastes are available and
 

assuming a 45 percent moisture content (on a wet basis) and a 65 per­

cent conversion efficiency, the energy equivalent of the wood waste
 

amounts to 425,000 BBL of oil or about 25 percent of PNG's 1976
 

industrial fuel use. With present estimates of logging residues
 

added to the sawmill wastes, the equivalent energy is more than suf­

ficient to meet total industrial fuel use or approximately 45 percent
 

of PNG's 1976 petroleum imports.
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2.0 APPRAISAL OF EXISTING INDUSTRIAL COMBUSTION EQUIPMENT IN PAPUA
 

NEW GUINEA
 

2.1 Major Observations
 

Several key observations were made as a result of a two-week
 

site visit to PNG. During this period, the study team observed over
 

25 	applications of industrial combustion equipment and interviewed
 

over 40 individuals involved in various aspects of these operations
 

(see Appendix G for study team itinerary). A summary of these obser­

vations is presented below. 

1) Technical
 

9 	With the exception of two industrial consumers,
 
Bouganville Copper Limited and A.C.I. Glass, PNG indus­
tries use combustion equipment that is relatively small
 
in 	size. Boilers range from 30 HP to 300 HP. Hot air
 
furnaces average from 2.0 to 3.0 MMBtu/hr.
 

* 	A majority of petroleum consumption by industry is for
 
steam generation or process air heating.
 

o 	The efficiency of most small combustion equipment appears
 
to be below optimum. In many cases, fuel consumption
 
could be cut by 15 to 25 percent simply by tuneup of
 
equipment and proper operating and maintenance proced­
ures.
 

* 	There is a shortage of necessary equipment, instrumenta­
tion, etc., to keep present systems in optimum operating
 
condition.
 

* 	A general tendency for greater capacity than required was
 
apparent with respect to industrial boilers. The norm
 
appears to be a mismatch between burner (sized to the
 
load) and boiler (oversized with respect to the load).
 
This has resulted in both operational and maintenance
 
problems plus reduced boiler efficiency.
 

e A majority of the combustion equipment was manufactured
 
in Australia.
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2) Labor
 

* Trained technical labor required to operate, repair and
 
maintain industrial combustion equipment is in short sup­
ply in PNG.
 

* 	The reliability of general labor in the use of combustion
 
equipment is a major concern to industry. These concerns
 
were projected in discussions relating to equipment
 
deterioration.
 

* 	There currently is no coordinated program to train
 
general labor in the use of equipment. However, several
 
isolated instances of training in specific tasks were
 
observed.
 

3) Industry
 

" 	Industry is concerned about the uncertainty of fuel sup­
ply and costs. This concern is presently directed at
 
petroleum fuels but is also displayed with respect to
 
future use of alternative fuels.
 

" 	In general, industry indicated a willingness to consider
 
alternative wood fuel svqtems. Smaller industries were
 
less demonstrative of this ccmmitment than larger indus­
tries.
 

* 	There is general concern about the lack of an established
 
technical infrastructure to support alternative wood fuel
 
systems. There is need for trained combustion engineers
 
and greater availability of replacement parts and equip­
ment for new and existing systems.
 

4) Government
 

" 	The PNG government is committed to fostering the use of
 
wood fuels by industry. It is projecting this commitment
 
through the establishment of the government-financed
 
Energy Development Corporation (EDC).
 

* 	The present tax structure does not provide any major
 
financial incentives for industry to convert to alterna­
tive wood fuel systems.
 

" 	The government has indicated its intention to end its
 
fuel price equalization policy which has in the past
 
distorted the economics of petroleum use in relatively
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inaccessible regions of the country. The elimination of
 
this policy will enhance the use of wood- and wood­
derived fuels.
 

2.2 Description of Existing Equipment
 

Industrial combustion equipment in PNG varies in size from the
 

45 MWe wall-fired, watertube boilers at Bouganville Copper Limited's
 

power plant at Anewa Bay to the 30 KW boiler viewed at a bottler in
 

Lae. In general, the majority of boiler equipment ranges between 30
 

HP (294 KW) and 300 HP (2,940 KW). Boilers in chis size range were
 

generally package fire-tube boilers. A dutch oven/locomotive boiler
 

retrofit was observed at South Pacific Timbers in Lae, but such
 

exotic systems are the exception rather than the rule.
 

The age of most boilers ranged from brand new (the Goodyear re­

treading facility at Panguna) to over 15 years old. The condition of
 

the boilers was not necessarily an indication of their age. An
 

illustrative example is the boilers at the Arawa Hospital versus
 

those of the Goroka Base Hospital. The three boilers at Arawa were
 

installed in 1972; two are presently beyond repair and the third has
 

a tenuous service life at best. The three boilers at the Goroka Base
 

Hospital, installed in 1966, presently look like and function as
 

brand new boilers. I
 

'The overwhelming reason for this general exception to boiler
 
equipment of this age in Papua New Guinea must be credited to the
 
Technical Supervisor for Municipal Services in Goroka. His techni­
cal skills and strict operating code have resulted in this
 
exception.
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Most 	boilers observed were manufactured in Australia. The most
 

common were: 

e Tomlinson-built Cleaver Brooks 

e George and George Steam-O-Matic. 

Others observed included: 

o Murray Maxitherm (Australia)
 

o Loas-Offenback, Mains (Germany)
 

o Hardee Bloomer (Australia) 

a Cleaver Brooks (United States).
 

Combustion equipment for process heat varies in size from the 15
 

MMBtu/hrl glass furnace of A.C.I. Glass in Lae to the 250,000 Btu/
 

hr2 	kerosene-fired, pot-type stoves used for curing tobacco. The
 

tea 	 industry in Mt. Hagen presently employs 24 wood and distillate­

fired furnaces in the 2.0 to 2.5 MMBtu/hr size range. Combustion
 

equipment used in the coffee industry and copra industry werc not
 

observed by the study team.
 

2.3 	 Major Equipment Related Concerns
 

The major concerns of combustion equipment users in PNG can best
 

be summarized as:
 

* Lack of spare parts 

o Lack of trained personnel for maintenance
 

o Lack of reliable labor to operate equipment.
 

lEstimate based on fuel consumption data obtained from A.C.I.
 
Glass.
 

2Estimate based on fuel consumption data obtained from Rothmans
 
Tobacco.
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In general, the concern for downtime due to delays in spare
 

parts delivery was a key reason for redundancy and overcapacity in
 

design. This, and an insufficient cadre of technically trained
 

personnel, were identified as the reasons for the apparent lack of
 

more complicated multi-fuel burner systems. The future introduction
 

of any alternative combustion equipment must take these factors into
 

consideration.
 

2.4 Potential for Retrofit
 

The prime requisites for retrofit of combustion systems to uti­

lize wood and wood-derived fuels are with industries characterized
 

by:
 

1) Large, well maintained equipment
 

2) Technical staff to monitor, operate and maintain the new
 
technology
 

3) An available backup system
 

4) Sound financial backing.
 

Currently in PNG, several industries can be identified in this
 

category. Among those observed by the study team that fall in this
 

category were:
 

* South Pacific Brewery, Lae
 

" A.C.I. Glass, Lae
 

" Tea industry in Mt. Hagen
 

" Bouganville Copper Ltd., Panguna 

" Goodyear Tire, Panguna. 
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The economics of retrofit for these and other candidate combus­

tion systems in PNG are addressed in Chapter 4. 

Hospitals, as a generic class of boiler users, are not prime 

candidates [or wood-derived alternative fuels. Their operation and 

maintenance records show rapid boiler deterioration with age. A 

notable exception, discussed earlier, was the Coroka Base Hospital 

which has an outstanding operating and maintenance record and staff. 

Hospitals, in general, eventually should be converted to less compli­

cated, self-sustaining systems. 

Small and old oil-fired combustion equipment should be addressed
 

in the context of replacement rather than retrofit of equipment.
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3.0 	 POTENTIAL INDUSTRIAL WOOD FUEL SYSTEMS FOR PAPUA NEW GUINEA
 

3.1 	 Summary
 

Industrial wood or wood-derived fuel systems potentially appli­

cable in PNG are:
 

e Pyrolytic oil-petroleum mixture combustion
 

* Pyrolytic oil combustion
 

a Lump or crushed charcoal combustion
 

* Hogged or chipped wood combustion
 

* Crushed charcoal gasification
 

* Hogged or chipped wood gasification
 

* Pulverized charcoal-oil mixture combustion.
 

These wood fuel systems are germane to PNG industry for three essen­

tial 	reasons:
 

1) 	Compatibility with existing industrial combustion equipment
 
presently consuming petroleum.
 

2) 	Use of wood resources that can be centrally converted to a
 
fuel (charcoal or pyrolytic oil) which minimizes transpor­
tation and storage costs.
 

3) 	Use of raw wood or wood wastes by direct combustion or
 
through conversion to a combustible gas.
 

These systems were identified as a result of a match between
 

existing combustion equipment and practices in PNG (see Chapter 2.0)
 

and an assessment of the state-of-the-art and commercial availability
 

of industrial wood fuel systems (see Appendix A). The processing
 

steps for using wood and wood waste as industrial fuel are shown in
 

Figure 3-1. As indicated, several alternative routes for utilizing
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wood as an industrial fuel are available. An assessment of the 

economics of these alternatives, within the context of -trofit and 

new 	 applications in Papua New Guinea, is pres nted in Chapter 4. 

Recommendations for appropriate wood fuel systems for PNG are based 

on this assessment. 

3.2 	 State-of-the-Art of Industrial Wood Fuel Technologies 

A discussion of the state-of-the-art and lists of the present 

manufacturers of industrial wood conversion and combustion equipment 

are presented in Appendix A. The discussion addresses: 

" Direct wood and charcoal combustion 

" Wood and charcoal low Btu gasification
 

" Wood pyrolysis
 

" Charcoal-oil mixture (COM) combustion.
 

3.3 	 Definition of Fuel Systems for Papua New Guinea 

Wood fuel systems potentially applicable to PNG are briefly 

discussed below. Ihe discussinn highlights the technical and 

equipment considerations that were incorporated in the economic 

assessment of these systems. 

3.3.1 Pyrolytic Oil-Petroleum Mixture Combustion Systems
 

Tests indicate that pyrolytic oils can be burned in existing 

residual oil systems without any major modification to the burner. 

lowever, due to the lower heating value of pyrolytic oils when com­

pared to conventional fuel oils, derating of the combustion system 

may 	 be required. In some cases, more frequent maintenance of burner 
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nozzles is required due to periodic buildup of gummy material.
 

Mixing pyrolytic oils with residual oils is expected to minimize this
 

problem (References 4 and 5).
 

The viscosity of pyrolytic oils resembles that of #6 fuel oil. 

The oils contain water soluble components and may contain from 10 

to 25 percent water. The oils are somewhat acidic having a pH1 of 

approximately 3.5 (Reference 5). The net result is the requirement 

of storage and feed systems that are resistant to corrosion. Thus, 

stainless steel, fiberglass or epoxy-coated tanks are required for 

storage, and stainless steel pipes and pumps are leeded for the fuel 

delivery system. 

Combustion products from pyrolytic oils are not corrosive and 

contain CO2 and 120. Pyrolytio oils have a major advantage over 

most residual oils in that they contain esscntially no sulfur. Addi­

tionally, the presenice of a small p&u rcet age of watteLr in the pyro­

lytic oil can actually improve the combustion efficien cy of the 

mixture. Suspended water droplets in the oil explode into steam as 

the mixture enters the boiLe r anid t.hus improves t:he atomization and 

combustion of the fuel (Reference 5). 

Pyrolytic-petroleum oil mixtures either can be mixed at a cen­

tral location prior to delivery or can be fed )y separate feed sys­

tems to the burner. The advantage of a central mix system is that 

only one feed system (pipes, pumps, and tanks) is required at the 

boiler. lowever, because of the different specific gravittes and 

20
 



immiscibility of pyrolytic and residual oil, the mixture will tend to
 

separate. Chemical additives and stirring can help minimize separa­

tion. However, for purposes of this analysis, a separate feed system
 

was selected (see Figure 3-2). Two advantages are inherent in this
 

system. First, for retrofit or for new systems, the corrosion resis­

tant tanks and pumps required will be of a lower capacity than if a
 

single tank system is used. Second, the ratio of pyrolytic to resid­

ual oil can be controlled by the users according to the characteris­

tics of their combustion system and their inventory of pyrolytic and
 

petroleum fuels. A pyrolytic oil feed system is presented sche­

matically in Figure 3.3.
 

3.3.2 Wood and Charcoal Direct Combustion Systems
 

There are several commercially available wood and charcoal
 

direct combustion systems (see Appendix A). The Wellons Cyclo-Blast
 

Boiler System burns logs, wood chips, or wood residues on water­

cooled grates with a carefully controlled air flow. Waste heat is
 

recovered from the stack gases by a heat exchanger. The Coen suspen­

sion burner can be used to retrofit existing oil- and gas-fired
 

boilers so that wood fines can be burned directly. Wood suspension
 

burners also can be designed to fire fine wood material in combi­

nation with oil or gas, thus adding to their versatility. The 

fluidized-bed boiler uses a design in which combustion occurs in the 

presence of a mass of mineral particles which are kept in turbulent 

motion. This design increases the heat-transfer rate, provides 
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multifuel capability, and enables high combustion efficiency at low
 

combustion temperatures. Commercial and industrial wood and
 

chlarcoal-fueLed boiler systems can be designed with varying degrees 

.f utom,ition. The spreader-stoker type is a completely automated 

system d,:signed to achieve continuous or intermittent disposal of 

unburned residue. 

Figure 3-4 shows a retrofit wood waste conversion system using a 

suspensiin burner. Costs for suspension burners and automatic stoker 

systems vary according to capacity and the amount of fuel preparation 

required. For example, suspension burners require dry, fine fuel. 

If wood togs are used, they must be hammermilled and dried to the 

required specification of the burner. If planer shavings or sawdust
 

is used, fuel preparation requirements will be reduced significantly.
 

There are three types of stokers: underfeed, crossfeed and
 

overfeed (i.e., spreader-stoker) which differ mainly in the relative
 

directions of the flows of fuel and air. Of these three types of
 

stokers, spreader-stokers are now the most widely used because they
 

can burn all types of solid feedstocks, respond rapidly to load 

changes and operate efficiently with comparatively low excess air. 

Figure -5 shows an automatic stoker-fired combustion system. In
 

spreade:-stoker firing, wood feed is delivered to the stoker at a
 

controlled rate. The wood is propelled by the stoker into the
 

furnace w,,here some of it burns in suspension and the rest lands and
 

burns -.
,ia grate. The relative position of the grate with respect to 

the stoker determines the amount of feed predrying, the percentage of 
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wood burned in suspension, and the extent of carryover of fly ash and
 

char out of the furnace.
 

Manufacturers of wood-fired equipment are listed in Appendix A.
 

Suppliers and manufacturers of wood fuel preparation, handling and
 

storage systems are listed in Appendix D.
 

Boiler derating, due to combustion volume limitations, is a
 

major disadvantage of retrofitting existing oil- and gas-fired
 

boilers with wood-fired systems. For firetube boilers, suspension
 

burners are the only reasonable system for retrofit. 1 The
 

complexity of suspension burner systems, which require a dry, fine
 

feed, makes their use for the small boilers (less than 300 HP) both
 

expensive and unattractive. Thus, for the analysis in Chapter 4,
 

retrofit of direct wood combustion systems for boilers is not
 

considered. HoweVer, new wood and charcoal package boilers and hot
 

air furnaces are evaluated as well as retrofit spreader stokers for
 

existing manually stoked wood and charcoal furnaces.
 

3.3.3 Wood and Charcoal Gasification
 

Gasification of wood and wood residues using air and steam as
 

the gasifying medium to produce a low-Btu (100 to 200 Btu/scf) gas is
 

a technology which has been commercially available since the turn of
 

the century. 

'Spreader stoker systems can be retrofitted to large oil and gas
 

boilers but with many more modifications to the boiler front than
 
with the suspension burner system.
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The gasification process converts a solid carbonaceous feed to a
 

gaseous fuel. The gaseous fuel can be burned directly or upgraded to
 

higher quality fuels or used as a feedstock for manufacturing chemi­

cals such as ammonia or methanol. However, the gas produced from an
 

air and steam blown gasifier contains large amounts of nitrogen (more
 

than 40 percent by volume), and it is primarily suitable for onsite
 

combustion.
 

Wood and charcoal gasifiers are well suited for retrofit to oil
 

or gas fired combustion systems. Such retrofit gasifiers result in a
 

smaller derating of boilers than do direct combustion systems and
 

generally are less expensive than wood combustion systems (Reference
 

6).
 

Gasifiers classified by their reactor type are:
 

* .ixed bed
 

" Stirred moving bed 

" Fluidized bed
 

" Entrained flow.
 

Of these configurations, only fixed-bed gasifiers have been com­

mercially used for wood gasification. The most common design is an
 

updraugh, fixed-bed reactor. A list of developers and the status of
 

gasifiers is presented in Appendix A.
 

Figire 3-6 presents a diagram for a low-Btu gasifier-boiler
 

retrofit system. The main cost components for the gasifier retrofit
 

are the fuel storage, handling and preparation components, and the
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gasifier unit. For charcoal gasifiers, the volume and mass of mate­

rial required for equivalent energy output is approximately one-third
 

less than that for wood. No gasifiers specifically designed for
 

charcoal were identified. Gasifier manufacturers contacted indicated
 

that no major modifications would be required to convert a wood
 

gasifier to utilize charcoal. However, the charcoal feed size, if
 

too fine, could result in sparking problems.
 

3.3.4 Charcoal-Oil Mixtures
 

Charcoal-oil mixtures (COM), as the name implies, involve mixing 

finely pulverized charcoal (typically 90 percent through 200 mesh) 

with residual oil. The COM can be used in existing oil combustion 

systems that incorporate some necessary modifications. Charcoal-oil 

mixtures are an extension of the coal-oil mixture fuel currently 

being investigated by the U.S. Department of Energy, Pittsburgh 

Energy Technology Center (References 7, 8 and 9). Charcoal-oil mix­

tures were successfully tested at the Pittsburgh Energy Technology
 

Center in 1977. The use of charcoal with residual oil helps 
conserve
 

the more expensive residual oil.
 

A discussion of the preparation and use of COM is presented in 

Appendix A. For industrial users, the main consideration is that the 

economics and other requirements of on-site preparation are not 

attractive. Central preparation, potentially at the point of char­

coal production, is more advisable. Figure 3-7 presents a COM fuel 

train retrofit for an existing boiler. The new components required
 

in the fuel train include a storage tank with an agitator. In cold
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climates, a steam jacket or heating element is required for the
 

storage tank to maintain the temperature (above 65°F) and, thus, the
 

suspension of the fuel. 
 In PNG this will not be required due to
 

sufficiently high ambient temperatures. Abrasion-resistant slurry
 

pumps and valves are required to deliver the COM to the burner.
 

Long-radius elbows in piping are necessary to minimize erosion. 
A
 

main focus of COM research has been the erosion of burner tips.
 

Tungsten carbide inserts, in conjunction with low-pressure air
 

atomization, have been used to minimize this problem.
 

The cost of preparing coal-oil mixtures has been extensively
 

investigated by U.S. Department of Energy staff (Reference 7).
 

Preparation costs are estimated at U.S. $6.50 per 
ton or equivalently
 

K4.85 per tonne. For the purposes of the economic analysis of COM in
 

PNG, preparation costs were doubled and a cost of KIO per tonne 
was
 

assumed. This translates to a 5 percent increase in the price of COM
 

over the combined cost of the charcoal and oil constituents. The
 

selling price of a 50/50 COM1 is thus K125.5 per tonne.
 

IA 50 percent charcoal, 50 percent oil by weight mixture was
 
assumed because it is the limit for charcoal use where material
 
handling and combustion problems of the COM are acceptable
 
(Reference 7).
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4.0 ECONOMIC ANALYSIS OF INDUSTRIAL WOOD FUEL COMBUSTION SYSTEMS
 

4.1 Summary
 

This chapter presents the economic analysis of wood fuel combus­

tion systems appropriate for present and future industrial use in
 

PNG. Five generic cases, representative of a large segment of PNG'S
 

industrial fuel use systems, are evaluated in detail. The generic
 

1
cases are:
 

* 	Retrofit fuel feed systems for existing oil-fired boilers
 
(250 HP)
 

* 	New package boiler systems (250, 500 and 1000 HP)
 

* 	Retrofit fuel feed systems for existing oil-fired, hot air
 
furnaces (two 2.0-MMBtu/hr)
 

a 	Retrofit fuel feed systems for existing manually stoked,
 

wood-fired hot air furnaces (three 2.5-MMBtu/hr)
 

* 	New hot air furnace systems (4.0 MNBtu/hr).
 

In each of the above cases, the prevailing fuel use (i.e.,
 

distillate oil, residual oil, kerosene, or wood logs) is compared
 

against the potential use of the following wood derived fuels:
 

* Pyrolytic oil-petroleum mixtures
 

" Pyrolytic oils
 

" Lump or crushed charcoal
 

" Hogged or chipped wood
 

1Equipment size ranges were selected to be representative of
 
ecisting industrial combustion equipment in PNG.
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* 	Low Btu gas from a charcoal gasifier
 

" 	Low Btu gas from a wood gasifier
 

" 	 Pulverized charcoal-oil mixtures.
 

Not all the above fuel categories are applicable in each case.
 

The selection of the appropriate alternate fuels case is indicated in
 

the analysis presented in Section 4.3.
 

A summary of the initial capital investments, annual operating
 

costs and net present value (NPV) of the discounted savings in
 

expenditures,1 for the alternatives in each case study, is
 

presented in Table 4-I. The results indicate that wood fuels as an
 

alternative for petroleum use in PNG industry are, in most cases,
 

economically attractive.2 An analysis of the specific data in
 

Table 4-I indicates that:
 

" 	 Alternative wood fuel systems generally have a positive NPV
 
of expenditure savings when used to displace petroleum fueled
 
systems. The economics cf the wood fuel systems are more
 

attractive when displacing distillate fuel (#2 oil) than
 

residual fuel (#6 oil).
 

" 	 Pyrolytic oil systems, when applicable, are the most econom­
ically attractive alternative. This advantage is maintained
 

over a wide range of discount rates.
 

" 	 For a 250 HP boiler retrofit, the pyrolytic oil option yields
 
the highest NPV. The 70/30 pyrolytic oil-petroleum mixture,
 
the LBG wood gasifier, and the 50/50 charcoal-oil mixture
 

iSavings in expenditures for the alternative technologies
 
is based on a comparison with expenditures for the existing
 

technologies.
 

2 Fuel systems that yield a positive NPV of expenditure savings are
 
considered economically attractive. Within a set of alternatives
 
that are compared against a common base, the higher the NPV of
 
expenditure savings the more relatively economic is the alternative.
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TABLE 4-I 

SUMMARY OF INITIAL CAPITAL INVESTMENTS, 
ANNUAL OPERATING EXPENDITURES AND NPV 
OF EXPENDITURE SAVINGS FOR SELECTED 

FUEL SYSTEM OPTIONS 

INITIAL 
CAPITAL 

INVESTMENT 

INITIAL 
ANNUAL 
OPERATING 
EXPENDITURE 

NPV OF 
EXPENDITURE 

SAVINGS 

CASE STUDY/FUEL SYSTEM OPTION xlO 3 KINA x103 KINA xlO 3 KINA 

CASE A: Retrofit fuel feed system i =0.ii * 0.20 

for existing oil 
boiler (250 HP) 

firetube 

Base Case O-a: #6 residual 
fuel oil 

26.9 280.6 

Base Case O-b: #2 distillate 
oil 

26.9 475.8 

Option 1: 

Optton 2: 

Option 3: 

Option 4: 

Option 5: 

70/30 pyrolytic oil-
petroleum mix 
-compared to #6 oil 
-compared to #2 oil 
100% pyrolytic oil 

-compared to #6 oil 
-compared to #2 oil 
LBG charcoal gasifier 
-compared to #6 oil 
-compared to #2 oil 
LBG wood gasifier 
-compared to #6 oil 
-compared to #2 oil 
50/50 charcoal/oil 
mixture 
-compared to #6 oil 
-compared to #2 oil 

44.7 

39.3 

191.8 

325.1 

57.7 

248.6 

227.0 

287.7 

235.9 

256.7 

240 
1740 

409 
1909 

-111 
1389 

236 
1736 

175 
1675 

134 
1018 

235 
1120 

-139 
745 

7 
892 

89 
974 
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TABLE 4-I (CONTINUED)
 

SUMMARY OF INITIAL CAPITAL INVESTMENTS,
 
ANNUAL OPERATING LXPENDITURES AND Nf'V
 
OF EXPENDITURE SAVINGS FOR SELECTED
 

CASE STUDY/FUEL SYSTEM OPTION 


CASE B: 	 New Package Boiler System 
(250,500 and 1000 HP) 

Base Case O-a: #6 residual 
fuel oil 

250 lip 
500 HP 

1.000 HP 

Base Case O-b: #2 distillate 
oil 

250 HP 

500 HP 
1000 HP 

Option 1: 	 Automatic Stokered
 
Wood 250 liP 


.compared to #6 oil 

-compared to #2 oil 


500 liP 

-compared to #6 oil 

-compared to #2 oil 


1000 HP 

-compared to #6 oil 

-compared to #2 oil 


Option 2: 	 Automatic Stokered
 
Charcoal
 

250 HP 

-compared to #6 oil 

-compared to #2 oil 


500 HP 

-compared to #6 oil 

-compared to #2 oil 


1000 HP 

-compared to #6 oil 

-compared to #2 oil 


FUEL SYSTEM OPTIONS 

INITIAL
 
INITIAL ANNUAL NPV OF
 
CAPITAL OPERATING EXPENDITURE 
INVESTMENT EXPENDITURE SAVINGS
 

3 3 3
xlO KINA xlO KINA xlO KINA
 

i =0.11 i 0.20 

92.7 290.4
 
140.5 563.8
 
212.3 1101.4
 

92.7 485.7
 
140.5 954.3
 
212.3 1882.4
 

391.2 240.8
 

289 37
 
1789 922
 

638.2 	 437.6
 
829 265
 
3829 2034
 

1040.3 	 791.9
 
2152 896
 
8152 4435
 

169.8 239.6
 
382 189
 

1882 1074
 
245.4 452.5
 

865 459
 
3866 2229
 

399.8 	 860.3
 
1865 1009
 
7865 4548
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TABLE 4-I (CONCLUDED) 

SUMMARY OF INITIAL CAPITAL INVESTMENTS,
 
ANNUAL OPERATING EXPENDITURES AND NPV
 

OF EXPENDITURE SAVINGS FOR SELECTED
 
FUEL SYSTEM OPTIONS
 

INITIAL 
INITIAL ANNUAL NPV OF 

CAPITAL OPERATING EXPENDITURE 
INVESTMENT EXPENDITURE SAVINGS 

3 K 3 K 3 
CASE STUDY/FUEL SYSTEM OPTION x1O KINA x KNA x10KINA
 

CASE C: 	 RetrotLit fuel feed system
 
for existing oil-fired
 
hot air furnaces (Two 2.0
 
MMBtu/hr units)
 

Option 0: #2 distillate oil 22.7 132.0
 
Option 1: 70/30 mix with #2 oil 37.2 88.7 326 186
 

Option 2: 70/30 mix with #6 oil 37.2 72.7 449 259
 

Option 3: 100% pyrolytic oil 31.8 67.3 494 287
 
Option 4: LBG charcoal gasifier 103.4 90.4 287 134
 

Option 5: LBG wood gasifier 169.6 84.3 303 115
 

CASE D: 	 Retrofit fuel feed system
 
for existing manually­
stoked wood-fired hot air
 
furnaces 	(three 2.5 MMBtu/

hr units)
 

Option 0: Improve existing 12.7 119.0
 
system efficiency
 

Option 1: Automatic charcoal 85.5 150.8 -318 -215
 

stoker
 
Option 2: Automatic Wood Stoker 108.8 122.2 -91 -93
 

Option 3: LBG charcoal gasifier 158.4 176.1 -552 -384
 

Option 4: LBG wood gasifier 245.5 144.7 -352 -303
 

CASE E: 	 New package hot air
 
furnace (4.0 MMBtu/hr)
 

Option 0: #2 distillate oil 50.7 136.2
 
Option 1: Automatic wood stoker 176.7 84.3 359 135
 

Option 2: Autonwric charcoal 119.2 86.0 366 185
 

stoker 	 _ ­
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systems all yield a positive but slightly lower NPV. The LBG
 
charcoal gasifier is economical when displacing the higher
 
priced distillate fuel but not economical for displacing
 
residual fuels. 

I
 

" 	New automatic stokered wood and charcoal boilers are more
 
attractive economically than either new distillate or
 
residual oil fueled boilers. In general, the NPV of wood
 
boilers increases relative to 
that for charcoal boilers with
 
increasing boiler size and decreasing discount rates.
 

* The pyrolytic oil retrofit system yields the highest NPV in
 
expenditure savings for an existing distillate-fired hot air
 
furnace. The 70/30 pyrolytic oil-petroleum mixture and LBG
 
wood and charcoal gasifiers also yield positive NPVs.
 

* Neither automatic wood nor charcoal stoker systems nor 
LBG
 
gasifiers provide positive economic returns when compared to
 
improving the efficiency of the existing, manually-stoked
 
wood furnace and utilizing it for its remaining service life.
 

" 	Both new automatic wood and charcoal package hot air furnaces
 
are more economically attractive than an equivalent new dis­
tillate oil furnace.
 

Details of the NPV analysis including sensitivity analysis of key
 

variables are presented in Section 4.3.4.
 

IThe capital costs, used in this study, for the LBG charcoal
 
gasifier does not consider the costs as suggested by the Cleaver-

Brooks Division of Aqua-Chem, Inc. It was suggested by Cleaver-

Brooks that their gasifier, currently being developed and which is
 
targeted at the small industrial boiler (less than 400 HP) market,
 
will have much more favorable economics than is assumed in this
 
study. This claim cannot be substantiated as Aqua-Chem, Inc. does
 
not have commercial units in operation and will not quote formal
 
prices. Informal estimates like $12 
per pound of steam generated

have been discussed as an installed price for the gasifier with
 
controls and feeders 
in 	the USA. Commercial. availability of such
 
a product would substantially change the attractiveness of this
 
case. However, the presence of 
technical difficulties relating
 
to handling variations in fuel characteristics has been cited as
 
the reason for the product being held from the market.
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The potential use of wood or wood-derived fuels for three
 

specific cases in PNG is also evaluated. These include:
 

" Charcoal use for Bougainville Copper Limited's (BCL's) 
proposed power plant expansion 

" Charcoal-oil mixtures or pyrolytic oils for BCL's ore 

concentrate dryer
 

" Pyrolytic oils for A.C.I.'s glass furnace.
 

These three particular cases account for over 50 percent of the
 

industrial petroleum consumption in PNG. However, they do not lend
 

thems:).ves to a generic analysis and therefore are dealt with indi­

vidually. The details of this analysis are presented in Section 4.4.
 

The main conclusions are:
 

* 	Utilization of charcoal or a charcoal-coal mix at BCL's
 
proposed power plant expansion is not an economically
 
attractive option
 

" 	The use of pyrolytic oils and fuel conservation measures
 
can provide substantial savings to BCL's ore concentrate
 
operation
 

" 	Combustion of pyrolytic oils in the A.C.I. Glass process
 
furnace should be encouraged pending positive research
 
and test results.
 

Finally, three specific cases that were observed by the study
 

team while in PNG are best addressed by non-wood fuel technologies.
 

These cases and the appropriate technologies are:
 

* 	Electrification of the Arawa Hospital boilers
 

* Solar crop drying techniques for the tea withering process
 

e Solar crop drying techniques for the tobacco curing process.
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discussed in Case C are modeled after the tea drying furnaces at
 

Bunum-Wo. The manually-stoked wood furnaces discussed in Case D are
 

modeled after those of the Kindeng tea factory. Cases that consider
 

new combustion systems, while not being modeled after specific
 

facilities, incorporate observations made by the study team while in
 

PNG.
 

The following generic cases and associated fuel options were
 

evaluated.
 

1
Case A. 	Retrofit fuel feed system for existing oil-fired
 

boilers (250 HP).
 

Option 0-a: 	 Maintain the existing #6 residual fuel
 

oil system.
 

Option 0-b: 	 Maintain the existing #2 distillate fuel
 

oil system.
 

Option 1: M)dify the existing fuel system to use a
 

M0/30 pyrolytic oil-petroleum mixture.
 

Option 2: 	 Modify the existing fuel system to use
 
pyrolytic fuel oil.
 

Option 3: 	 Retrofit a charcoal gasifier to produce
 

low-Btu gas for combustion in the existing
 
boiler.
 

Option 4: 	 Retrofit a wood gasifier to produce low-


Btu gas for combustion in the existing
 
boiler.
 

Option 5: 	 Modify the existing fuel system to use a
 

50/50 charcoal-oil mixture (COM).
 

'Fuel feed system is defined here to include on-site fuel storage,
 

handling, conversion (if necessary) and burner.
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Case B. New 	package boiler systems' (250, 500, and 1000 HP).
 

Option 0-a: 	 Install a new #6 residual fuel oil-fired,
 
package boiler system.
 

Option 0-b: 	 Install a new #2 distillate fuel oil­
fired, package boiler system.
 

Option 1: 	 Install a new automatic stoker, wood-fired,
 
package boiler system.
 

Option 2: 	 Install a new automatic stoker, charcoal­
fired, package boiler system.
 

Case C. 	Retrofit fuel system for existing oil-fired hot air
 
furnaces (two 2.0-MMBtu/hr units).
 

Option 0: 	 Maintain the existing #2 distillate oil
 
system.
 

Option 1: 	 Modify the existing fuel system to use a
 
70/30 pyrolytic-distillate oil mixture.
 

Option 2: 	 Modify the existing fuel system to use a
 
70/30 pyrolytic-residual oil mixture.
 

Option 3: 	 Modify the existing fuel system to use
 
pyrolytic fuel oil.
 

Option 4: 	 Retrofit one charcoal gasifier to produce
 
low-Btu gas for combustion in the two exist­
ing furnaces.
 

Option 5: 	 Retrofit one wood gasifier to produce low-

Btu gas for combustion in the two existing
 
furnaces.
 

IPackage boiler systems are discussed in Appendix A. The boiler
 
system is defined to include both the fuel feed system, grate
 
(if necessary), combustion chamber, ash removal (if necessary),
 
and boiler 	tubes.
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C-as2 D. 	 Retrofit fuel system, for ,> isting ,mnmlo ly ,.wl 
wood-fired, hot .ir irniArps (threi 2.5-WMl'i/hr 
,n i ts) . 

o)pt ion 0: Raint'filith 
sys"teim, il t 

ot i.,L i i,-co I l.toa; i. 

in ii' I,im.l',;sn) lc ' 
;, 

; 

Op t io nl1 : Re L ro I?U; m o mrltti c'c h a rlc o al s t-ok e r" ili 
m,:dify ,,.-.iems and~ use lampi charcoal]. 

', 

Opti on 2: Retrofit antomit ic wood stoker "n0its, 
g'rate and tse chippe jr)hoggecd wood. 

rnodiiy 

Option 3: Retrof:it 
Low-Bt, 

ex is ting 

one 'itircoal 
.s for coimh 

furoaces. 

ga;siliur to 
L iont inithe 

produce 
three 

Option 4: Retrofi.t 
Btu gas 

"no, wood ga.sifier t 
for combustion in the 

prod! 

three 

, low­

.ii , 

Case E. 	 New package hot air iirrl,ace (4.0 MMtutt/hr). 

Option n: 	 Install a new tistillite-firedt, Wit ii r 
tournace. 

Option 1: Inst..ll- new ;utomatic stoker, wood-H-[red 

hot: air firlacv. 

Option 2: 	 Ista I1 a new aitomatii stoker, charcoal­
fired hot a r furnace. 

Overa.l system designs, cost estim;its and financial analyses
 

for each 	 fuel op~tion were conducted for these five generic cases. 

Results of 	these analysis are presented in Section 4.3. 

NeconeineOdo t tons for improved comobustion effV icienc:y for iiaill V­
-tokodl wool-f red furnaces osed by the P JG tea i0idustry ire utll ned 
in ;a report by Lan Gil nour entitled: Energy Requirements for Tea 
Drying Operatins in the Wkestern Highlands, submitted to the Mineralls 
;nid Enarly Deprtnent of the Government of Papua New Guinea, luly 
1980.
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As a result of site visits by the study team, six specific cases
 

were identified for a preliminary economic assessment of using wood,
 

wood-derived fuels or alternative non-petroleum fuels. These case
 

studies are listed below:
 

Case F. 	Proposed expansion of Bougainville Copper Limited's
 
(BCL) power plant.
 

* 	Use of imported Australian coal.
 

* 	Use of domestically produced charcoal alone or mixed
 
with coal.
 

Case 	G. BCL's ore concentrate dryer.
 

" Concinue the use of #6 residuel fuel oil.
 

" Convert to the use of pyrolytic oil.
 

" Convert to the use of charcoal-oil mixtures.
 

Case 	H. A.C.I.'s glass furnace.
 

" Continue the use of #6 residual fuel oil.
 

" Convert to a 70/30 pyrolytic-residual oil mixture.
 

Case 	I. Arawa Hospital Boilers.
 

" Install new oil-fired package boilers.
 

* Install new wood-fired package boilers.
 

" Install new solar hot-water/low-pressure steam boilers.
 

" 	Install new electric hot-water/low-pressure steam
 
boilers.
 

Case J. 	Tea withering process at Mt. Hagen tea estates.
 

* 	 Continue the use of distillate or split log fired 
furnaces. 

" 	Retrofit a wood gasifier to the existing furnace.
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0 	 Retrofit ;in aLuto,latic wood stoker to the exist ing 
ftrnare. 

* 	 Install solar crop dryng fac Ilit i es to .opl[,l iei. 
the exi t ng furnace systems. 

blo I I i 	 R)L III:'I, '.a IC ,ise . bacco L ),1)r o oF ' S L()) , . 

' IL[L 111,' I l kel'0 	 ( h 0 . "I c , ] 1),1) h LrLn ,'-;. 

9 	 [ -l; il][L a c-,il ria ,o, d- itrt , I)t alir tor L,W . 

* 	 Install :;(olar crop dryi g faci. Lit[2s ii c,)njvincLin wtLh 
the existjnglkerosene system. 

fOnly a pritifnonry economic analysis wns conducted of the optLons 

;issocjited with each of Lhese slpecific cd5ses, However, tOL[s assess­

mornt provides an Pis ghit L some 1)f the potential options available. 

'Ile P2SLIi ts of this assessment are presented in Sect ton 4 .4 

4.2.2 Criteria for Selection 

'File c ri ter Lia for selec ting both the generic and spec if ic cases 

,kI:Ima i 7ei I Iill 	11" ,t as ft LLows: 

" 	 v10 S 2 ;I r, l2jpre La (:iv* r et roeurnC cLS,cn of i L(I Its I con­
hus t io1 sy\' tems in use in PNC. 

" 	 The combined industrial petroleum fuel use represented 
by both the generic and specific cases accounts [or more 
tian 70 percent of the present industrial petroleum con­
stim1ption in PN(. 

" 	 It is technically feasible to replace the existing petro­
lelnm combustion systems in each of the cases with a new 
or 	retrofit wood-fuel system.
 

In addition to the above criteria, the cases selected were the 

result of knowledge of existing combustion systems in PIG, and a 

technical assessment of feasible wood or wood-derived fuel systems. 
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4.3 Assessment of Generic Case Studies
 

4.3.1 Assessment Outline
 

The assessments of the five generic cases are presented, by case
 

study, in the following format.
 

" System Description - The system and appropriate options are
 

described as an introduction to the case.
 

" Results - Results of the financial and sensitivity analysis
 
are presented and discussed.
 

" Estimated Equipment Costs, Fuel Consumption, and Operating
 

Requirements - Costs, fuel and operating parameters for each
 
option are summarized in tabular form.
 

" 	NPV and Cash Flow Analysis - The net present value of capital
 

investments and optrating expenditure savings are summarized
 
in tabular form.
 

" 	Sensitivity Analysis - The sensitivity of the NPV of each
 

fuel option to key parameters are illustrated by tables and
 

figures. 1
 

" 	Fuel Option Flow Diagrams - Major equipment components and
 

mass/energy flows for each fuel option are presented in box
 

flow diagrams.
 

This format permits the reader to systematically evaluate the
 

fuel options in each case study. With the data provided, the reader
 

can alter the basic assumptions or estimates of each fuel option to
 

determine the changes in the NPV of each option. In addition, any
 

variation in data beyond that covered by the sensitivity analysis can
 

be evaluated by utilizing the NPV FORTRAN program developed
 

specifically for this study (Appendix F).
 

iSensitivity analysis data are more extensive for Case A than in
 
all other case studies. Subsequent analyses focus only on the
 

most sensitive variables identified in Case A.
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4.3.2 Assessment Methodology
 

An assessment of the net present value (NPV) of the flow of
 

capital investments and the savings in annual operating expenditures
 

was used as the basis 	for determining the economic attractiveness of
 

cach fuel opt:ion. 

Two basic discount rates (i*) are used throughout the analy­

sqis. The first rate, 
11 percent, is used to reflect those industries 

that place a high value on fuel supply reliability and, therefore, 

.ire wi llig to forego normal target returns in exchange for a reli­

able, domstic fuel supply. The second rate, 2n percent, reflects 

a reasonable target rate of return for industry in PNG.l The equa­

tion used to determine the NPV is:
 

n 

NP 	AAAQ = z (SAD~ x ±W (ACBA x PWFi*) - AT CIA 

where: 

NPVA (i*, n) = net present value of option A for a 
given discount rate, i*, and an anal­
ysis period n. 

SADA 	 = net savings in annual disbursements
 
t 	 in year t of option A over that of 

the base opt ion. 

PWF	 i ' = present worth factor for a given
t discount rate, i*, in year t. 

ACBA = additional cash balance of option A
 
nl over that of the base option due to
 

a salvage value for equipment, income
 
from land sales and a recovery of
 
working capital at the end of the
 
analysis period n.
 

IThe specification for these discount rates was stated in the
 
"Terms of Reference" for this study.
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ATICIA = additional initial capital investment 
0 of option A over that required for 

the base option.
 

The net savings in annual disbursements, SAD , incorporates the
 

effects of differing inflation rates for wood fuels, petroleum fuels,
 

labor costs, utility costs, and maintenonce costs. A complete pre­

sentation of the NPV equation used in this analysis is given in
 

Appendix E.
 

The basic inputs required for the financial analysis can be
 

categorized as follows:
 

" 	Data pertinent to estimating the required initial capital
 

investment such as equipment costs, installation costs,
 

engineering design fees, contingency costs, land purchases,
 
etc.
 

• 	Data pertinent to estimating the annual operating and main­

tenance expenditures such as primary fuel costs, labor costs,
 

utilities, maintenance, etc.
 

" 	Data pertinent to financial parameters su':h as the expected
 

discount rate, number of years of cash flow analysis, average
 

annual inflation rates, corporate income tax rates, etc.
 

A complete list of the basic data inputs required to conduct the
 

financial analysis is presented in Table 4-11.
 

Estimates of the data items for each case study in Table 4-11
 

were obtained from:
 

" A survey of related equipment manufacturers. The survey was
 

performed as part of this study and also draws on surveys of
 

previous MITRE studies (References 6, 10 and 11; see Appen­

dix B for the list of manufacturers contacted).
 

" 	An engineering analysis of the operating characteristics
 
of each system (i.e., efficiencies, energy/mass balances,
 

utility requirements, etc.).
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TABLE 4-II
 

BASIC DATA INPUTS FOR FINANCIAL ANALYSIS
 

" Data for Estimating Initial Capital Investments
 

EQUIP = estimated delivered price of equipment, Kina
 

ADLC = estimated cost of required additional land, Kina
 
INSTAL = assumed factor for installation costs
 
ENGIN = assumed factor for engineering design fees
 

CONTIN = assumed factor for contingency costs
 

" Data for Estimating Annual Operating and Maintenance Expenditures
 

FiH = fuel input, tonne per hour (T/hr)
 
FUELC = fuel cost, Kina per tonne (K/I)
 
SUVPL = supervisor labor required, iiien per hour (M/hr)
 
SUWAGE = supervisor labor wage rates, Kina per hour (K/hr)
 

GENL = general. labor required, men per hour (M/hr)
 
GLWAGE = general labor wage rates, Kina per hour (K/hr)
 
OHR = cstimated overhead rate for labor
 
HAINT = annual maintenance costs as a percentage of the
 

total initial capital investment
 

ELI = electricity requirements, kilowatts (KW)
 
ELECT = electricity costs, Kina per KW-hr (K/KW-hr)
 
HRIND = average operating hours per day (hr/d)
 
ALOAD = average annual load factor
 
PCOIL = percent of the annual fuel input that is petroleum
 

based
 
DEPF = annual depreciation factor allowed
 

" Financial Parameters
 

I* = assumed discount factor
 
n = analysis period in years
 

TR = corporate income tax rate
 
fo = average annual inflation rate for petroleum-based fuels
 

fw = average annual inflation rate for wood and wood-based fuels
 

fol = average annual inflation rate for labor wages
 

fut = average annual inflation rate for cost of utilities
 

fma = average annual inflation rate for maintenance costs
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e Data obtained during site visits in PNG (see Appendix G for 
summary of site visits). 

The final estimates incorporate information from numerous 

sources gathered for this study and are adjusted to reflect costs or 

conditions expected for PNG. 

4.3.3 Baseline Assumptions
 

To establish a baseline for the NPV analysis, secral financial
 

parameters, base year, commodity prices and cost estimating factors
 

were defined. The base year was taken as i980. Parameters and their
 

baseline values are presented in Table 4-111. These baseline esti­

mates were varied in the sensitivity analysis.
 

4.3.4 Case Studies
 

Case A. Retrofit fuel system for existing oil-fired boilers
 
(250 11P).
 

e System Description
 

fhe boiler is base loaded at 200 IIP,operates 24 hours per day
 

and has an annual utility of 85 percent. Seven fuel systems were
 

analyzed including two base case petroleum fuel options.
 

Option 0-a: An existing #6 residual fuel oil system
 

(see Figure 4-1).
 

Option O-b: An existing #2 distillate fuel oil system
 
(similar to Figure 4-1).
 

Option 1: A retrofit 70/30 pyrolytic-residual oil
 

mixture fuel system (see Figure 4-2).
 

Option 2: A retrofit pyrolytic fuel oil system (see
 
Figure 4-3).
 

Option 3: A retrofit LBG charcoal gasifier (see Figure
 

4-4).
 

50
 



TABLE 4-III
 

BASELINE VALUES FOR FINANCIAL ANALYSIS
 

* Cost Est.imati ig Factors 

]NSTAI, = 0.20 installation costs are 20% of total equipment
 

costs
 

ENG[N = 0.20 	 engineering design and construction fees are 20% 
of total equipment costs plus installation 

CONTIN 0.10 	 start up contingency costs are 10% of total 
equipment costs plus installation costs plus 
engineering fees 

OHR = 0.30 	 operating labor overhead rate
 

MAINT = 0.15 	 annual maintenance costs are 15% of total initial 
capital investment­

* Base Year Commodity Prices (in 1980 Kina)
 

FUELC = 

= 

= 

= 

= 

= 

K176/tonne 

K310/tonne 

K332/tonne 

K175/tonne 

K.85/tonne 

K25/tonne 

SUWAGE = K2.5/hr 

GLWAGE = Ki.0/hr 

#6 residual fuel oil
 

#2 distillate oil
 

kerosene
 

charcoal
 

pyrolytic oil
 

wood on a dry basis
 

supervisory labor wage rates
 

general labor wage rates
 

ELECT = KO.05/KW-hr : electricity costs per kilowatt hour 

ADLC = K20,000/hectare : average land costs per hectare 

e Baseline Financial Parameters 

TR = 0.365 corporate tax rates of 36.5% for companies 
incorporated in PNG (Reference 19). 

f
0 = 0.08 average annual inflation rate of 8.0% for 

petroleum products.* 
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TABLE 4-111
 

BASELINE VALUES FOR FINANCIAL ANALYSIS
 

(Concluded)
 

f = 0.08 ; average annual inflation rate of 8.0% for 
w wood and wood-derived fuels.* 

f 0 = 0.05 : average annual inflation rate of 5.0% for 
labor wage rates.
 

f = 0.05 : average annual inflation rate of 5.0% for
 
utility rates.
 

f = 0.05 average annual inflation rate of 5.0% for
 
maintenance costs,
 

These inflation rates are varied in the analysis of all cases
 

because of their importance in the analysis.
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Option 4: A retrofit LBG wood gasifier (see Figure 
4-5). 

Option 5: A retrofit 50/50 charcoal-oil-mixture fuel 
system (see Figure 4-6). 

The ,iialysis compares the NPV of the five retrofit fuel s~qstems 

.galast the two existing petroleum fuel systems. The analysis does 

):}t account for existing boiler components. It is assumed tha:. 

rplacement decisions and costs for the boiler components are 

independu it of the fuel system. Because the boiler is operated at a 

hase load i f 200 HP but has a rating of 250 HP, boiler derating is 

not considered. Initial costs and operating parameters were esti­

mated for the existing petroleum options and for each retrofit 

option. These are presented in Table 4-1V. In the case of land
 

costs, only incremental costs over that of the existing petroleum
 

options were accounted for.
 

e Resul ts 

Inder the baseline assumptions, all the retrofit wood fuel sys­

tems, except the LBG charcoal gasifier that displaces residual oil, 

:ie[ds a positive NPV. The pyrolytic oil system provides the largest 

NPV of savings in expenditures. Over a 15-year period and for a 

discount rate of 11 percent, the NPV of these savings amounts to over 

400,000 kina when displacing residual oil and over 1.9 million kina 

when displacing distillate oil. With a discount rate of 20 percent, 

the NPV of savings are over K235,000 for replacing residual oil use 

and KI,120,000 for replacing distillate oil use. The economics of 
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the 70/30 pyrolytic oil-residual oil system, the LBG wood gasifier
 

and the 50/50 charcoal-oil mixture system are equally attractive
 

though slightly less so than the pyrolytic oil system. The LBG
 

charcoal gasifier yields the lowest NPV..
 

Tables 4-V and 4-VI and Figures 4-7 through 4-15 present the
 

baseline NPV analyses and sensitivity analyses for each of the wood­

derived fuel systems when compared to the petroleum systems. The
 

sensitivity of the NPV of each retrofit system to changes in the
 

baseline estimate of a parameter is reflected by the slope of the
 

respective plots in Figures 4-7 through 4-15. The greater the slope
 

the more sensitive is the NPV to the parameter indicated on the hori­

zontal axis of the graph.1 Thus, in Figure 4-7, the NPV of the LBG
 

wood gasifier is the most sensitive to changes in the baseline esti­

mate of equipment costs.
 

The sensitivity analysis indicates that the retrofit wood fuel
 

systems that replace distillate oil remain attractive under some
 

extreme conditions. For example, Figure 4-7 indicates that the NPV
 

of the retrofit systems remains positive even when the initial equip­

ment costs are increased by more than 75 percent. These NPVs are
 

lThe slope is defined as the ratio of a change in the value of
 
the parameter on the horizontal axis (i.e., fuel costs, equipment
 
costs, etc.) to the resulting change in the value of the parameter
 
on the vertical axis (i.e., the NPV). The steeper Lhe slope of a
 
fuel option the more sensitive is its NPV to the parameter on the
 
horizontal axis. The scales for the graphs vary between figures and
 
therefore visual comparisons of slopes between figures is not 
possible.
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I 

also positive when initial year wood fuel price estimates are
 

raised by more than 75 percent (see Figure 4-8). In the case of 

existing residual oil systems, the economics of retrofit wood fuel 

systems are less attractive. Figure 4-7 indicates that only the 

pyrolytic oil systems and the 50/50 charcoal-oil mixture system have 

positive NPVs when initial equipment cost estimates are 75 percent 

greater than the baseline estimate. Figure 4-8 shows that an 

increase of more than 30 percent in the initial price estimate of 

wood derived fuels results in negative NPVs for all the retrofit wood 

fuel systems. 

Figure 4-9 presents the NPV of the retrofit systems as a func­

tion of the discount rate (i*). The plots show that the NPV 

decreases with increasing discount rates. Because of the larger 

annual cash flows, the sensitivity of the NPV is greater for the 

retrofit systems replacing distillate oil than for those replac­

ing residual oil. 

The effects of different inflation rates for petroleum fuels 

versus wood fuels are presented in Figures 4-10 and 4-11 for the LBG 

wood gasifier and in Figures 4-12 and -13 for the pyrolytic oil 

system. The NPV of the retrofit wood systems is most sensitive to 

relative changes in the inflation rates of petroleum fuels versus 

rate of petroleum were towood-derived fuels. Thus, if the inflation 

IThe initial price indicates the assumed base price from which
 

inflated prices over the analysis period are calculated.
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increase relative to that of wood-derived fuels, the NPV of the
 

retrofit systems would increase. This would be a likely situation in
 

PNG, given the availability of a large wood resource base and no
 

known domestic petroleum.
 

Figures 4-14 and 4-15 show the effect of changing the NPV cash­

flow analysis period for the wood gasifier and pyrolytic oil options.
 

The point at which the NPV becomes positive can be interpreted as the
 

discounted payback period. The results show that in the case of the
 

retrofit LBG wood gasifier replacing a residual oil system, the NPV,
 

discounted at 20 percent, is positive only after 14 years. At a dis­

count rate of 11 percent, the NPV is positive after 8 years. Figure
 

4-15 indicates that the payback periods are extremely short (less
 

than four years) when the retrofit systems are used to replace dis­

tillate oil systems.
 

Additional data for the sensitivity analysis, presented in
 

Tables 4-V and 4-VI, indicate that the NPV is quite sensitive to the
 

estimated fuel input rate. The fuel input rate reflects the effi­

ciency at which a fuel system operates. If the fuel input rate
 

increases by 25 percent, this reflects a decrease in the efficiency
 

of the system of 25 percent (e.g. from 0.80 to 0.60). System effi­

ciencies were not varied (i.e., allowed to decline) through the life
 

of each system. However, the importance of maintaining maximum effi­

ciency is most critical for fuel systems where the input fuel costs
 

are highest. Thus, the analysis indicates that if there is a decline
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in the fuel system efficiencies, the NPV of the wood gasifier de-


This is
clines relatively slower than the other four fuel options. 


an especially important consideration in the case of the residual 

oil, pyrolytic oil and charcoal-oil mixture systems where burner sys­

tems, if not maintained, can result in drastic declines in fuel effi­

ciencies.
 

The data in Tables 4-V and 4-VI show that the NPV of the fuel
 

options is not very sensitive to the installation, engineering, main­

tenance and contingency cost factors. They also indicate, for Case
 

This is because
A. that wage rates are not a sensitive variable. 


labor costs are a low percentage of annual costs in all the fuel
 

opt tons. 
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30 Day #6 Fuel Oil 
Storage Tank 
145 Tonne Capacity 

Fuel Return 

Oil Preheater 

4.76TonnelD I 

L _.Eisin 
Ln Oil Feed 

Pump 250 HP 

Blower 

Fuel System Equipment: Labor Requirements: 

30 day storage tank Supervisory 0.25 M/hr 
Fuel feed pumps General 1.0 M/hr 
Pipe and valves 
Electrical and instrumentation Utilities: 
Oil burner 

Estimated Delivered Costs-K17,000 Electricity 5.0 kw 
H.V. of Fuel: 42.2 MM Btu/tonne #6 fuel oil 

Boiler Efficiency: 0.80 

FIGURE4-1
 
OPTION 0:
 

#6 FUEL OIL FEED SYSTEM-250HP BOILER
 



30 Day
 
Pyrolytic
 
Oil Storage
 
Tank 
 30 Day #6 Fuel Oil
150Tonne Storage Tank
Capacity 50 Tonne Capacity 

Fuel 
Return 

Day Mixing
 
Tank
 
10 Tonne Capacity
 

6.65Tonne/D -

Oil Feed Existing
Pump 250 HP 

Boiler 
Fuel System Equipment: Labor Requirements: 

BlowerFuel storage tanks (resin coated) Supervisory 0.33 M/hr
 
Day mixing tank w/agitator (resin coated/ General 1.00 M/hr


stainless steel)

Fuel feed pumps (stainless steel) Utilities:
 
Oil preheater (stainless steel) Electricity: 8.0kw

Pipe and valves (stainless steel) H.V. of Fuel: 30.2 MM Btu/tonne 70/30

Electrical and instrumentation
 
Modified oil burner 
 Boiler Efficiency: 0.80 

Estimated Delivered Costs: K28,200 

FIGURE 4-2
 
OPTION 1: RETROFIT 70/30 PYROLYTIC OIL-


RESIDUAL OIL MIXTURE FUEL SYSTEM-250 HP BOILER
 



:-0 Day 
Irolytic Oil
 
Sitorage Tank
 
230 Tonne Capacity
 

Fuel 
Return 

7 61 Tonne/DI 

Oil Feed Existing 
Pump 250 HP Boiler 

Blower 

Fuel System Equipment: Labor Requirements: 
Supervisory 0.33 M / hr 

Fuel storage tank (resin coated) General 1.0 M/hr 
Fuel feed pumps (stainless steel) 
Oil preheater (stainless steel) Utilities: 
Pipe and valves (stainless steel) Electricity 7.0kw 
Electrical and instrumentation H.V. of Fuel: 26.4MM Btu /tonne pyrolytic oil 
Modified oil burner 

Estimated Delivered Costs K24,800 Boiler Efficiency: 0.80 

FIGURE 4-3
 
OPTION 2: RETROFIT 100% PYROLYTIC OIL SYSTEM-­

250 HP BOILER
 



SDay Hopper 

9.13 Tonne/Day
 
la re
 

" LF
 

Off 

Lump Charcoal Crusher Screen LBGLBGF
Storage Gasifier 

Existing 250 HP 
PneuInauc _ Boiler 

Ash Storage Ash Removal ! owc 
0.3 tonne!/day 

Fuel System Equipment: Labor Requirements: 
Charcoal Storage-300 tonne Supervisory 0.5M/hr 
Crushers-two 1 tonne/hr General 2.OM/hr 
Screens-two 1 tonne/hr 
Conveyors-two 1 tonne/hr Utilities: 
Day hopper-20 tonne Electricity 35kw 
LBG gasifier/ reactor*-10 tonne/day 
Ash removal-0.3 tonne/day H.V. of Fuel: 27.5MM Btu /tonne charcoal 
Ash storage-9 tonne 
Gas burner-15 MM Bt:i/hr Boiler Efficiency: 0.80 

'Including all electrical, instrumentation, Gasifier Efficiency: 0.80 
pipe and valves 
Estimated Delivered Costs K120.00 Additional land required: 

0.2 hectares 

FIGURE 4-4 
OPTION 3: RETROFIT LBG CHARCOAL GASIFIER­

250 HP BOILER 



mx~lDay
Conveyor 

15 . p p e r
 , _L o
 

Scen Wood 1.41 0DT / D 
Chip 

•Flare 
A k enStorage 

Wood Storage Wood - -

Chipper/ LBG 
Hammermill Gasifier 

Existing 250 HP 
Boiler 

Ash 
Blower 

Removal 

Fuel System Equipment: 
Wood storage shed-600 tonne 
Wood chipperIhammermill-two 2 tonne/hr 
Screens-two 2 tonne!hr 
Wood chip storage and air drying-200 tonne 
Conveyors-two 2 tonne / hr 
Day hopper-25 tonne
 
LBG gasifier/reactor-16 ODT/day 

Ash removal-0.2 tonne/day 

Ash storage-5 tonne 

Gas burner-15MM Btu/hr 


Including all electrical, 
instrumentation, pipe, 
and valves 
Estimated Delivered Costs K203,000 

0.2 Tonne/Day 

Labor Requirements: 
Supervisory 
General 

0.5 MIhr 
3.OM/hr 

Utilities: 
Electricity 60kw 

H.V. of Fuel 18.7 MM Btu/ODT Wood
 
Moisture Content of Fuel: 43% on dry basis
 
Boiler Efficiency: 0.80
 
Gasifier Efficiency: 0.7r)
 

Additional Land Required: 0.4 hectares
 

FIGURE 4-5
 
OPTION 4: RETROFIT LBG WOOD GASIFIER-250 HP BOILER
 



Agitator 

Fuel 
Return 

Charcoal-

Oil Mixture
 
Storage
 
Tank
 

-4_> 
 Recirculation 
Fuel
 

Pump Return
 

5.76 Tonne/D 
Air 

Main Oil Preheater Existing 250 HP 
Feed Pump Boiler 

Atomizing 
Steam or Air 

Fuel System Equipment: Labor Requirements: 
Storage tank w/agitator-175 tonne Supervisory 0.33 M/hr 
Abrasive slurry pumps General 1.OM/hr
 
Oil proheater
 
Corrosive resistant pipes and valves Utilities:
 
Electrical and instrumentation Electricity 17kw 
Modified (COM) burner 

Estimated Delivered Cost K36,400 H.V. of Fuel: 34.9 MM Btu/tonne COM 

Boiler Efficiency: 0.80 

FIGURE4-6
 
OPTION 5: RETROFIT 50/50 CHARCOAL-OIL MIXTURE
 

FUEL SYSTEM-250 HP BOILER
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2000 -- .#2 Fuel Oil Base 

1800 ~ - 100% Pyrolytic Oil 

1600 -
70/30 Mix 
50150 COM 

1400 

a 

1200 -
LBG-Wood 

LBG Charcoal 

C -

1000 

U) 6' 

LZ 800 

z 
600 

#6 Fuel Oil Base 

400 
100% Pyrolytic Oil 

200 

0 

70/30 Mix 

50 /50 COM 

-200 LBG-Wood 

-400II 
4LBG-Charcoal 

-50 -25 0 25 50 75 

A EQUIP: Percent Change in the Initial Estimate of Equipment Costs 

FIGURE 4-7 
NPV (i*=0.11) VS. CHANGE IN INITIAL ESTIMATES OF 

EQUIPMr:J T COST FOR 250 HP RETROFIT FUEL FEED SYSTEMS 
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1800 " 

1600 

1400 

1200 

#6Fuel Oil Base 

_#_2 

00%b Pyrolytic Oil 

Fuel OilB se 

50/50rOM 

-C 

o1000 

tC 80 -

800 

LBG-Charcoal70/30 Mix,_ ,/ 

LBG-Wood 

70/30 Mix 

100% Pyrolytic Oil 

600 - LBG­

400 

200 
LBG-Charcoal 

0 

-200 

-400 
-50 -25 0 25 50 75 

FUEL C"Percent Change in the Initial Costs of Wood Derived Fuels 

FIGURE 4-8 
NPV(i*=0.11) VS. CHANGE IN INITIAL COSTS OF 

WOOD-DERIVED FUELS FOR 250HP RETROFIT FUEL FEED SYSTEMS 



2000 

1800 

1600 

1400 

1200 -42 Fuel Oil Base 

100% Pyrolytic Oil 
1000 

70/30 Mix 
> , 50 50 COM 

0,0 LBG-Wood 

0- x LBG-Charcoal 

ON 
Z z 600 

400 -6 Fuel Oil Base 

200 - 100% Pyrolytic Oil 

70i30 Mix 
50150 COM 

0 LBG-Wood 

-200 
LBG-Charcoal 

-400 I I I I I I I 
.08 .10 .12 .14 .16 .18 .20 .22 

i": Discount Rate 

FIGURE 4-9 
NPV VS. DISCOUNT RATE FOR 250 HP RETROFIT 

FUEL FEED SYSTEMS 
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2000 
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fw= 0.05 

fw= 0.08 
fw= 0.12 

-500 -

-1000 -

.01 .02 .03 .04 .05 .06 .07 .08 .09 .10 .11 

Average Annual Inflation Rate of #6 Fuel Oil 

.12 .13 .14 .15 .16 

FIGURE 4-10 
NPV (* =0.11) VS. AVERAGE ANNUAL INFLATION RATE OF 

#6 FUEL OIL: 250 HP RETROFIT LBG WOOD GASIFIER 
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FIGURE 4-11 
NPV (i* =0.11) VS. AVERAGE ANNUAL INFLATION RATE OF 

#2 FUEL OIL: 250 HP RETROFIT LBG WOOD GASIFIER 
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FIGURE4-12 
NPV(i* =0.11) VS. AVERAGE ANNUAL INFLATION RATE OF #6 FUEL OIL: 

250 HP RETROFIT 100% PYROLYTIC OIL SYSTEM 
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FIGURE 4-13 
NPV(i* =0.11) VS. AVERAGE ANNUAL INFLATION RATE OF #2 FUEL OIL: 

250 HP RETROFIT 100% PYROLYTIC OIL SYSTEM 
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FIGURE 4-14
 
NPV VS. NUMBER OF YEARS OF THE ANALYSIS PERIOD:
 

250 HP RETROFIT FUEL FEED SYSTEMS COMPARED TO #6 OIL BASE CASE
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FIGURE 4-15 
NPV VS. NUMBER OF YEARS OF THE ANALYSIS PERIOD: 

250 HP RETROFIT FUEL FEED SYSTEMS COMPARED TO #2 OIL BASE CASE 



Case B. New package boiler system (250, 500 and 1000 HP). 

9 System Description 

The boiler is base loaded at 80 percent of its capacity, oper­

ates 24 hours per day and his an annual utility of 85 percent. Four
 

options were analyzed including two base cast petroleum fuel options.
 

Option 0-a: A residual fuel oil package boiler
 

(see Figure 4-16).
 

Option 0-b: A distillate fuel oil package boiler
 

(similar to Figure 4-16).
 

Option 1: An automatic stoker wood-fired package
 
boiler (see Figure 4-17).
 

Option 3: An automatic stoker charcoal-fired package
 

boiler (see Figure 4-18).
 

Three boiler sizes were analyzed to illustrate the economics 

of scale. Initial costs and operating parameters were estimated for
 

each option in each size range. These data are presented in Table
 

4-VIl. Only the adaitional land costs (over that needed for the oil
 

system) were estimated for the wood-fired and charcoal-fired boiler
 

systems.
 

* Results 

The analysis of new boiler systems shows that both the wood­

fired and charcoal-fired boilers are more economically attractive
 

than either the residual oil-fired or distillate oil-fired boilers.
 

Given the baseline assumptions, the NPV of the charcoal-fired boilers
 

is generally higher than that for the wood-fired boilers. The
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NPV at a low discount rate (e.g.,wood-fired boilers have a higher 

i* = 0.11) and large boiler size (e.g., greater than 600 LIP). Fig­

ures 4-19 and 4-20 show the NPV of both the wood-fired and charcoal­

fired boilers as a function of boiler size range. Figures 4-21 

the NPV as a3function of the discount rate.through /-23 show 

A change in the initial estimate of equipment costs as it 

of the boiler systems is illustrated in Figures 4-24impacts the NPV 

through 4-29. These data indicate that an underestimate of the 

equipment costs would bias the analysis in favor of wood systems. 

The slopes of these graphs show that the NPV of the wood-fired 

boilers is more sensitive to equipment costs than that for the 

charcoal-fired boilers. 

Figures 4-30 through 4-35 illustrate the sensitivity of NPV 

estimates for the wood- and charcoal-fired boilers as 	a function of
 

changes in the estimated baseline price of wood fuel and charcoal.
 

for either
The fuel price differentials that yield equivalent NPVs 


boiler system can be determined from these plots. For example, the
 

a residual
baseline NPV for a 250 lIP wood-fired boiler compared 	to 


K289,000 (see
oil-fired boiler at a discount rate of 11 percent is 


Figure 4-30). The NPV for a 250 lIP charcoal-fired boiler under simi­

lar assumptions is K382,000. The baseline fuel prices are K25/ODT 

for wood and K75/tonne for charcoal. Given the baseline NPV for the 

wood-fired boiler (K289,000), an equivalent NPV for the charcoal­

fired boiler will result when the price of charcoal is 7 percent 



higher than the K75/tonne charcoal baseline price. This is equiva­

lent to a price differential of K5/tonne charcoal. The graphical 

method for determining this price differential is shown in Figure 

4-30. These price differentials may be used to determine margins for 

fuel transportation or other costs over those assumed in the baseline
 

analysis.]
 

Table 4-VIII summarizes the NPV analysis for Case B. The data 

for hours of daily operation (HRIND) indicates that the NPV of each 

fuel option drops rapidly as its average utilization declines. This 

suggests that wood- and charcoal-fired boilers should not be employed
 

where average daily use is low (i.e., less than 10 hours per day).
 

IA maximum distance of 30 kilometers is assumed in the baseline
 
prices of wood and charcoal.
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#6 Fuel Oil
 
Storage Tank Fuel Return
 

Oil Feed 
Pump PackageOil-Fired 

Boiler 

Blower 

Package Oil-Fired Boiler System: Labor Requirements: 
Fuel storage tank (See Table 4-VII)
 
Fuel feed pumps
 
Oil preheater Utilities: (See Table 4-VII)
 
Pipes and valves
 
Electrical and instrumentation Daily Fuel Input:
 
Oil burner 250 HP 4.76 tonne/day
 
Boiler 500 HP 9.52 tonne/day
 

Estimated Delivered Costs: 250HP K58,500 1000 HP 19.04 tonne/day 
500HP K88,700 

1000HP K134,000 H.V. cf Fuel: 42.2 MM Btu/tonne #6 fuel oil 

Boiler Efficiency: 0.80 

FIGURE 4-16 
OPTION 0: RESIDUAL FUEL OIL PACKAGE BOILER 



0 

Day 
Hopper 

Package
 
Woo. Fired 

Wood Boiler 
Storage Sre o 

cc= SreenConveyor 
Wood 

0,J Chip Gateodbbbb5- I Storage m_ 

Wood Chipper/ 
Hammermill Ash Remo 

Blower 

Ash Storage 

Package Wood Fired Boiler Systems: Labor Requirements:
 
Wood storage shed
 
Wood chipper/hammermill and screens 
 (See Table 4-VII)

Conveyors

Wood chip storage 
 Utilities: (See Table 4-VII)
Day hopper 
Stoker Daily Fuel Input:
Air cooled grate 250 HP 1Z.20DT/day
Ash removal and storage 500 HP 25.4ODT/day
Boijer 1000 HP 52.8ODTIday 
Electrical and instrumentation 

Estimated Delivered Costs: 250 HP K245,000 H.V. of Fuel: 18.7MM Btu/ODT wood 
500 HP K399,000

1000 HP K549.000 Moisture Content of Fuel: 43% on a dry basis 

Boiler Efficiency: 0.65 

Additional Land Required: 250 HP-0.35 hectares 

FIGURE 4-17 
OPTION 1: WOOD-FIRED PACKAGE BOILER 



'X~4 Day
Hopper 

Package 
Charcoal Fired 
Boiler 

onveyorGrate 

Lump Charcoal Crusher 
Storage 2Blower 

7Ash Storage 

Package Charcoal-Fired Boiler System: Labor Requirements: 

Lump charcoal storage 
Crusher and screens 
Conveyor 
Day hopper 
Stoker 
Water cooled grate 
Ash removal and storage 
Boiler 
Electrical and instrumentation 

Estimated Delivered Costs: 250 HP 
500 HP 

1000 HP 

K106,250 
K153,000 
K248,500 

(See Table 4-VII) 

Utilities: (See Table 4-VII) 

Daily Fuel Input: 

250 HP 7.3 tonnetday 
500 HP 14.6 tonneIday 

1000 HP 29.2 toone/day 

H.V. of Fuel: 27.5 MM Btu/tonne charcoal 

Boiler Efficiency: 0.80 

Additional Land Required: 250 HP -0.18 hectares 

FIGURE 4-18
 
OPTION 2: CHARCOAL-FIRED PACKAGE BOILER
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TABLE 4-VIII 

CASE B: SENSITIVITY ANALYSIS OF NPV (x 103 KINA) 

OPTIONS 25011P WOOD 250HP CHARCOAL 500 1 )WOOD H500HP HCHARCOAL I00OfP '..:,)o) IO00HP CHARCOAL 

SENSITIVIx 6 P, t i 1()2 6 01L #2 OIL 
ANALYSIS 

0.=011 

BASELINE 289 1789 382 1882 8229 867 3861 2 ' 152 1865 7865 

EQUIP + 257 119 1619 308 1808 552 3552 759 3759 1701 7701 1692 7692 
EQUIP -- 257 460 1960 56 1956 11) 4 106 97 3971 2603 8603 2037 8037 

FUELC + 257 95 1595 0 1560 4.0 3440 221 32 13 375 577 6577 
FUELC + 257' 484 198 2204 17 -.217 1509 509 2929 8929 3152 9152 

HRIND = 611P. 19 1019 210 1210 262 2262 516 2516 952 4952 1135 5135 
HRIND = 1OHR -184 1 SI 706 -1h2 1088 254 1504 52 2553 567 3087 

i = 0.20 

BASELINE 37 922 189 1074 265 2034' 459 2229 896 4435 1009 4548 

EQUIP + 25' -104 781 128 1013 35 1805 371 2141 522 4061 866 4405 
EQUIP - 257 178 1063 250 1135 494 2264 547 2317 1269 4807 1151 4691 

FUELC + 257 -77 807 -1 884 36 1805 79 1849 3788 
FUELC- 25, 152 1037 V9 1264 49! 226, 839 2608 1354 4893 1768 5307 

HRIND = 16HR -119 470 89 679 -64 1116 255 1435 197 2556 582 2941 
HRIND = lOHR -237 132 14 382 -310 427 103 840 -327 1148 262 1'37 

-~ .. - -- L ~I­
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FIGURE 4-19 
NPV (i*= 0.11) VS. BOILER SIZE: WOOD AND CHARCOAL BOILERS 
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FIGURE 4-20 
NPV(i* = 0.20) VS. BOILER SIZE: 

WOOD AND CHARCOAL BOILERS 
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FIGURE 4-21 
NET PRESENT VALUE VS. DISCOUNT RATE: 

250 HP WOOD AND CHARCOAL BOILERS 
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FIGURE 4-22 

NET PRESENT VALUE VS. DISCOUNT RATE: 
500 HP WOOD AND CHARCOAL BOILERS 
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FIGURE 4-2,3 
NET PRESENT VALUE VS. DISCOUNT RATE: 
1000 HP WOOD AND CHARCOAL BOILERS 
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FIGURE 4-24 
NPV VS. CHANGE IN INITIAL ESTIMATE OF EQUIPMENT COSTS: 

250 HP WOOD AND CHARCOAL BOILERS 
COMPARED TO #6 OIL BASE CASE 
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FIGURE 4-25
 
NPV VS. CHANGE IN THE INITIAL ESTIMATE OF EQUIPMENT COSTS:
 

250 HP WOOD AND CHARCOAL BOILERS
 
COMPARED TO #2 OIL BASE CASE
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FIGURE 4-26 
NPV VS. CHANGE IN INITIAL ESTIMATE OF EQUIPMENT COSTS: 

500 HP WOOD AND CHARCOAL BOILERS 
COMPARED TO #6 OIL BASE CASE 
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FIGURE 4-27 
NPV VS. CHANGE IN THE INITIAL ESTIMATE OF EQUIPMEN1 cOSTS: 

500 HP WOOD AND CHARCOAL BOILERS COMPARED TO #2 OIL BASE CASE 
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FIGURE 4-28
 
NPV VS. CHANGE IN THE INITIAL ESTIMATE OF EQUIPMENT COSTS:
 

1000 HP WOOD AND ChARCOAL BOILERS
 
COMPARED TO #6 OIL BASE CASE
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FIGURE 4-29
 
NPV VS. CHANGE IN THE INITIAL ESTIMATES OF EQUIPMENT COSTS:
 

1000 HP WOOD AND CHARCOAL BOILERS COMPARED TO #2 OIL BASE CASE
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FIGURE4-30 
NPV VS. CHANGE IN THE INITIAL COST OF WOOD-DERIVED FUELS: 

250 HP WOOD AND CHARCOAL BOILERS COMPARED TO #6 OIL BASE CASE 
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FIGURE 4-31
 
NPV VS. CHANGE IN THE INITIAL COST OF WOOD-DERIVED FUELS:
 

250 HP WOOD AND CHARCOAL BOILERS COMPARED TO #2 OIL BASE CASE
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FIGURE 4-32
 
NPV VS. CHANGE IN THE INITIAL COST OF WOOD-DERIVED FUELS:
 

500 HP WOOD AND CHARCOAL BOILERS COMPARED TO #6 OIL BASE CASE
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FIGURE 4-33 
NPV VS. CHANGE IN THE INITIAL COST OF WOOD-DERIVED FUELS: 

500 HP WOOD AND CHARCOAL BOILERS COMPARED TO #2 OIL BASE CASE 
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FIGURE 4-34 
NPV VS. CHANGE IN THE INITIAL COST OF WOOD-DERIVED FUELS: 

1000 HP WOOD AND CHARCOAL BOILERS COMPARED TO #6 OIL BASE CASE 
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FIGURE 4-35 
NPV VS. CHANGE IN THE INITIAL COST OF WOOD-DERIVED FUELS: 

1000 HP WOOD AND CHARCOAL BOILERS COMPARED TO #2 OIL BASE CASE 



Case C. Retrofit fuel feed system for existing oil-fired hot 
air furnaces (two 2.0 MMBtu/hr units). 

e System Description 

The existing system consists of two 2.0 MMBtu/hr distilLate oil­

fired hot air furnaces. The furnaces are operated, on average, at 75 

percent of capacity for 16 hours/day and have an annual utility of 85 

percent. Five t uel feed systems were analyzed, including a base case 

distillate fuel system. 

Option 0: An existing #2 distillate fuel feed system 

(see Figure 4-36). 

Option 1: Retrofit a 70/30 pyrolvtic-distillate oil 

system (see Figure 4-37). 

Option 2: Retrofit a 70/30 pyrolytic-residual oil 

system (similar to Figure 4-37) 

Option 3: Retrofit a pyrolytic fuel oil ystum (see 
Figure 4-38). 

Option 4: Retrofit one LBG charcoal gasifier coupled 
to both furnaces (see Figure 4-39). 

Option 5: Retrofit one LBG wood gasifier coupled to 

both furnaces (see Figure 4-40). 

The analysis is based on the fuel systems only and did not 

account for the hot air heat exchanger and other furnace components. 

The costs of each retrofit option include modifications to the exist­

ing furnace. Replacement of the entire fuel feed and heat exchanger 

system is addressed in Case E. Initial costs and operating param­

eters were estimated for each of the options. These data are pre­

sented in Table 4-TX. 
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* Results
 

Substituting pyrolytic oil for distillate oil results in the
 

highest NPV of savings in expenditures. Positive savings in expendL­

tures are realized in all five retrofit options. However, the pyrol­

ytic oil option maintains a higher NPV than the other fuel options 

for a wide range of discount rates, equipment cost and fuel cost 

estimates (see Figures 4-41 through 4-45). The NPV of savings over a 

15-year period amounts to K494,000 at a discount rate of I1 percent,
 

and K287,000 at a discount rate of 2(0 percent. Another advantage of
 

the pyrolytic oil option, in this particular case, is the ease of
 

startup of oil systems when compared to gasifiers.
 

Table 4-X summarizes the NPV analysis for the five fuel options.
 

The NPV of all the retrofit options falls within the range of
 

K494,000 to K287,000 for a discount rate of 11 percent and K287,000
 

to K115,000 for a discount rate of 20 percent. The charcoal gasifier
 

has the lowest NPV at 11 percent while the wood gasifier has the 

lowest NPV at 20 percent. The sensitivity of the NPV of each of the 

options to changes in equipment costs and fuel price estimates are 

shown in Figures 4-42 through 4-45. The NPV of the wood and charcoal 

gasifiers is the most sensitive to equipment cost estimates. How­

ever, the NPV of the wood gasifier is the least sensitive of the five 

options to changes in fuel price. 
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Stack 

Existing 2.0 MM Btu/hr Gas 

Hot Air Furnaces 

StorageDistillatenFuel II_4 
TankI
40Tonne - I 

Hot 
AirF __I° Return 

Blower 
i22 tonne/l­
#2 fue I {
 
1. 

IFuel Feed 

Pump
 

Fuel System Equipment: Labor Requirements:
 
Fuel storage tnk-40 tonne
 
Fuel feed pumps Supervisory 0.25M/hr
 
Pipe and valves General 1.OM hr
 
Electrical and instrumentation
 
Oil burner Utilities
 

Estimated Delivered Costs-K14,300 Electricity 3.0kw 

H.V. of Fuel: 39.7 MMBtu/ltonne #2 fuel oil 

Furnace Elficiency: 0.85 

FIGURE 4-36 
OPTION 0: EXISTING DISTILLATE FUEL FEED SYSTEM­

2.0 MM BTU/HR FURNACE 



Pyrolytic 
Oil Storagc 
Tank Distillate 
40 Tonne Oil Storage 

Tank 
15 Tonne 

Stack 
Gas 

T a nk  xI...._Jl3TonneJF"+, 

Fuel 
Return 

I 
I 

-J' 
Hot 
AirA 

C 

O il Preneater 
Fuel Feed 

1.6 Tonne D 
70]30 Mix 

Bower 
Existina 2.0 MMBtu /hr
Hot Air Furnaces 

I 

Pump 

Fuel System Equipment Labor Requirements: 

Fuel storage tanks (rean coated) 
Day mix tank w'agitator (resin coated! 

stainless steel) 
Fuel feed pumps (stainless steel) 
Oil preheater (sta;nless steel) 
Pime and valves (stainless steel) 
Eiectrical ano instrumentation 
Modified oil burner 

Estimatec Delivered Costs-K23.500 

Supervisory 0.33 M/hr 
General 1.00 M/hr 

Utilities 
Electricity 5.0kw 

H.V. of Puei: 30.0 MM/;Btu/tonne, 70130 pyrolytic oil-distillate oil 

Furnace Efficiency: 0.85 

FIGURE 4-37 

OPTION 1: RETROF'T 70/30 PYROLYTIC OIL-
DISTILLATE OIL FUEL SYSTEM-2.0 MM BTU/HR FURNACE 



Pyrolytic Oil 
Fuel Storage 
Tank 
50 Tonne 

Oil Preheater 

Fuel System Equipment 

Fuel storage tank (resin coated) 

Fuel feed pumps (stainless steel) 

Oil preheater (stainless steel)
 
Pipe and valves (stainless steel) 

Electrical and instrumentation
 
Modified oil burner 


Estimated Delivered Costs K24,800 

Stack 
Gas 

Fuel 
Return I i . - _ Hot 

i--4~Air 

Existing 2.0 MM Btu/ihr 
1.84 Tonne/D Blower Hot Air Furnaces
Pyrolytic Oil 

Fuel Feed P 

Pump I I -

Labor Requirements: 

Supervisory 0.33 M/ hr
 
General 1.0 Mi hr
 

Utilities: 

Electricity 4.0 kw 

H.V. of Fuel: 26.4 MM Btu/tonne pyrolytic oil 

Furnace Efficiency: 0.85 

FIGURE 4-38
 
OPTION 2: RETROFIT 100% PYROLYTIC OIL
 
FUEL SYSTEM-2.0 MM BTU/HR FURNACE
 



Stack 
Gas 

Day Hopper 4 

. Hot 
Flare Air 

Lump Charcoal Crusher Screen 
Storage 

LBG Existing 2.0 MM Btu/ hr 
Gasifier Furnaces A Stack

I'Gas
 
Biower 

ConveyorHot 
I Air 

Ash Storage Ash Removal Blower L - -_.1 

Fuel System Equipment Labor Requirements: 

Supervisory 0.5M/hrCharcoal storage-t00 tonne General 1.5 M/hr
Crushers-two 1/2 tonne/hr
Screens-cwo 112 tonne/rr Utilities:
 
Conveyors-two 1;2 tonne / hr 
 Electricity 15kw 
Day hopper-25 tonne 
LBG gasifier, reaztor'-4 tonneiday H.V. of Fuel: 27.5MM Btu!tonne charcoal 
Ash removal-0.1 tonneday
Ash Storage-3 tDnne Furnace Efficiency: 0.85
 
Gas burner-v.o 2.0 MM Btu /hr


*Including all electrica;. instrumentation, pipe and valves 
 Gasifier Efficiency. 0.80
 
Estimated Delivered Costs-K65.000
 

Additional Land Required: 0.05 hectares 

FIGURE 4-39 
OPTION 3: RETROFIT LBG CHARCOAL GASIFIER­

2.00 MM BTU/HR FURNACE 



Conveyor Day4 
Hopper 

conChip Wood 

ChipFlare
Storage 	 Off 

ANL 	 L 
Wood Storage 	 Wood 

Chipper/ B_ 

HaGfmermill 

Blower 

Ash Ash Blower 
Storage Removal 

Fuel System Equipment: 

Wood storage shed-200 tonne 

Wood chipper/hammermill-two 1/2 tonnelhr
 
Screws-two 1/2 tonne/hr 

Wood chip storage and air drying-60 tonne 

Conveyors-two 1/2 tonne/hr
 
Day hopper-7 tonne 

LBG gasifier/ reactor" -6 0DT/day
 
Ash removal-0.1 tonne/day 
Ash storage-2 tonne 
Gas burners-Two 2 MM Btulhr 

Including all electrical, instrumentation, pipe and valves 
Estimated Delivered Costs-K106.500 

FIGURE 4-40 
OPTION 4: RETROFIT LBG WOOD GASIFIER­

2.0 MM BTU/HR FURNACE 

Stack 

Gas 

-" 
IHot 

I Air 

I 

E;G.a::sg 2.0 MM Btu i hr
Hot Air Furnaces A Stack 

r 	 + GasI Gas 

Hot 
Air 

L 	 _ 

Labo7 Requirements: 

Supervisory 0.5 M 'hr
 

General 2.0 M 'h
 

Utilities:
 
Electricity 25 wvv
 

H.V. of Fuel: 18.7 MM Btu, ODT wood 

Moisture Content of Fuel: 43. on a dry basis 

Furnace Efficiency: 0.85 

Gasifier Efficiency. 0 70 

Additional Land Required: 0.1 hectare 



TABI.E 4-IX 

CASE C: INITIAL COSTS AND OPERATING PARAMETER ESTIMATES 

)PI IhONS o03 ,.Ix 

OIl - O PY R I.YI C, C ,;-'-LRC )A1 LBC-UOOD 
COSTS IN KI NA 2:£ ,I. 

CAP T ' "60 I, 37-,220 3i,* .,U , 169,580 

O ' O CAP i Al.0 8, 7- 7, 8, 20 

!:,'17INI A7, k:A*'11 Ao 
I NVESVM N1'V'52, s5C 91 ,9 3'i 7 1 7,000 

.NIT: A A.NNUAI. C;);IS: 

IIM.NY CDLI. 115,650 6L 7,L 50, 660 28,350 

OPE.IN13 LABOR 12,170 13,720 .0,590 24, 340 

UTI LITIS 30 1,20 9S0 3,67j 6,120 

I ,N .*-E:? 1,40- ,8 4,780 15, 5,00 25,440 
TOTAL INITIAl. ANNUAL 
OPERATIN(;EXPFU;DIT'KS I 1,190 ,17(0 72,690 ,,260 90,360 84,250 

EQUIPXE.T COSTS 14,300 5, 25 , 5.9 2), 0' 6.000 106,500 
ADDITIONAL LANo) COSl S NiA 0002000 

OPERATING PARA,%IETERS: 

IH (0 tonne..hr) 76.2 1 37. 231.6 

SUEvF. (2.'hr) 25 3 . . 0.5 

GENL (n/hr) 1.0 1 0 1 0 0 1.5 2.0 

ELI (KW) 3.0 5.0 5.0 15.0 25.0 

PCOIL 1.0 ( .3 0.25 0.0 0.0 0.0 

NRIND (hr) 16 16 16 1r 16 16 

ALOAD 0.85 0.85 0.85 0.85 0.85 0.85 



TABLE 4-X
 

CASE C: SENSITIVITY ANALYSIS OF NPV (xlO3 KINA)
 

OPTIONS 70/30 MIX 

-00 1SENSITIVITYPYROLYTIC LBG-CIL-RCOAL LBG-WOOD 

#2 OIL 16 OIL 

i = 0.11 

BASELINE 32C 449 494 287 303
 

EQUIP + 25% 
 31D 433 480 242 229
 

EQUIP - 25% 342 466 508 332 377
 

FUELC + 25% 19 9 402 190 249
 

FUEL - 25% 457 550 586 384 358
 

i = 0.20 

BASELINE 136 259 287 134 115 

EQUIP + 25% 172 245 276 97 539 

EQUIP - 25% In9 272 299 171 176 

FUELC + 25% 109 200 233 77 83 

FUELC - 25% 263 318 341 191 147 
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FIGURE 4-41 
NPV VS. DISCOUNT RATE: TWO 2.0 MMBTU/HR 

HOT AIR FURNACE RETROFIT FUEL FEED SYSTEMS 
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FIGURE 4-42 
NPV VS. CHANGE IN THE INITIAL COST OF EQUIPMENT: TWO 2.0 MMBTU/HR 

HOT AIR FURNACE RETROFIT FUEL FEED SYSTEMS, i* =0.11 
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FIGURE 4-43 
NPV VS. CHANGE IN THE INTITIAL COST OF EQUIPMENT: TWO 2.0 MMBTU/HR 

HOT AIR FURNACE RETROFIT FUEL FEED SYSTEMS, i* =0.20 
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FIGURE 4-44
 
NPV VS. CHANGE IN THE INITIAL COST OF WOOD-DERIVED FUELS: TWO 2.0 MMBTU/HR
 

HOT AIR FURNACE RETROFIT FUEL FEED SYSTEMS, i* =0.11
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FIGURE 4-45
 
NPV VS. CHANGE IN THE INITIAL COST OF WOOD-DERIVED FUELS:
 

TWO 2.0 MMBTU/HR HOT AIR FURNACE RETROFIT FUEL
 
FEED SYSTEMS, i* = 0.20
 



Case D. Retrofit fuel systems for existing manually stoked, 
wood-fired 	hot air furnaces (three 2.5-MMBtu/hr units).
 

e System Description 

The existing system consists of three 2.5-MMBtu/hr wood-fired, 

man"Al Iyv stoked hot air furnaces. The furnaces are operato(t, in an 

i-tra ., :at: 85 prcent of capacity for 16 ho~nrs/day with in a:iiu 

utiLity factor of 85 percent. The system presently operates at a 

With someheat-conversion efficiency of approximately 50 percent. 

wastemodifications to the system including proper draught control, 

heat recovery from the stack gases, proper stoking practices, and 

improved maintenance, efficiency can be improved to 60 percent. I 

case were based onThe fuel requirements assumed for the existing 

the impr ved efficiency. The improved existing manual system and 

four retrofit options were analyzed. 

Option 0: Improved existing manually staked wood-fired 

system (see Figure 4-46). 

Option 1: Retrofit automatic stoker charcoal-fired 
system (see Figure 4-47).
 

Option 2: Retrofit automatic stoker wood-fired system
 

(see Figure 4-48). 

Option 3: 	 Retrofit one LBG charcoal gasifier coupled 

to the three furnaces (see Figure 4-49). 

Option 4: 	 Retrofit one LBG wood gasifier coupled to
 

the three furnaces (see Figure 4-50).
 

The analysis was based on the fuel systems only, and did not
 

exchanger and other furnace components.account for the hot air heat 

'Based on report by Ian Gilmouir (Reference 12). 
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The costs of each retrofit option include the costs of required modi­

fications to 
the existing furnace, the grate and the combustion cham­

ber.
 

Initial costs and operating parameters were estimated for each
 

of the options. These data are presented in Table 4-XI.
 

* Results
 

A summary of the results of the NPV analysis is presented in
 

Table 4-XII and Figures 4-51 through 4-53. Given the baseline assump­

tions, all the retrofit fuel options result in negative NPVs. This
 

implies that for the remaining service life of the existing system, a
 

retrofit automatic stoker system or LBG gasifier is not economically
 

justified. However, the non-quantifiable economic parameters, such 

as quality and reliability of manual labor, must also enter the deci­

sion process. These non-quantifiables must be weighed against the 

additional costs of the automated fuel systems. If the remaining
 

service life of the existing furnaces is short, such that the NPV of 

fuel savings does not exceed the cost of improving the manual system, 

then a decision to replace the furnace and fuel system should be 

addressed. Given this alternative, the automatic stoker wood-fired
 

option would be the most economical.
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Stack 
Gas 

Air Preheater 

Hotso,.h--I 
Air _9 

Split Log
StorageI 

Manual Conveyance I au,-,I K 
ManualHo 

AirStoking 

Improvements to Existing System: 
Draft modifications 
Stack gas air preheater -I 
Undergrate air blower Hot 

Estimated Delivered Costs: K8.000 Air I Grate 

Labor Requirements: Manual Ash ,- - _-

Supervisory 0.25 M / hr Removal 
General 6.00 M/hr Existing 2.5 MM Btu/hr 

Hot Air Furnaces
 
Utilities:
 

Electricity 2.0 kw
 

H.V. of Fuel: 18.7 MM Btu/ODT wood 

Moisture Content of Fuel: 43% dry basis 

Daily Fuel Input: 8.8 ODT wood 

Furnace Efficiency: 0.60 FIGURE 4-46 

OPTION 0: IMPROVED EXISTING MANUALLY STOKED 
2.5 MM BTU/HR FURNACES 



---

Lump Crusher Screen yoronvey_. 

Charcoal 
Storage _Pneumatic 

Ash Storage 

Automatic Charcoal System: 

Lump charcoal storage-1 75 tonne 

Charcoal crusher--two 1/4 tonne/hr 

Screens-two 1 i4tonneihr
 
Conveyor-two 1 '4 tonneihr 

Dry hopper- tonne 

Spreader stoker-three 118 tonne/hr

Water cooled grate 

Ash removal and storage

Stack gas air preheater 

Undergrate air blower
 
Electric and instrumentahion 


Estiiiated Deiivered Costs-K54.000
 

FIGURE 4-47 

IHot Stac 

Air Preheater 
oy '.vi 

T
 T
 

Grate 

S Ash Remnoval Boe 

Modified Existing 

2.5MM BtulhrHot 
Ai; Furnace
 
(Remaining Two Not 
Shown) 

Labor Requirements: 
Supervisory 0.33 M hr 
General 2.00 M/hr 

Utilities: 
Elec ricity 30 kw 

H V. of Fuel: 27.5 MM Btu/tonne charcoal 

Daily Fuel Input: 4.8 tonne charcoal 

Furnace Efficiency: 0.75 

OPTION 1: RETROFIT AUTOMATIC CHARCOAL STOKER SYSTEM­
2.5 MM BTU/HR FURNACES 



Day Hopper 

DyHot 
 Stack 
Air Gas 

Air Preheater 4 

Screentor
Storage 


I MWood Pneumatic Grate
 
Chip Conveyor
 
Storage
 

Wood Chipperl Ash Removal Blwr 
Hammermil 

Ash Sorage Modified Existing 

2-5MM Btu/hr HotAir Furnace 

(Remaining Two Not 
Snown) 

Automatic Wood System: Labor Requirements: 
Wood chipper/ hammermil-two 1/2 tonnelhr Supervisory 0.33 M/hr
Screens-two 1!2 tonne/hr General 2.5 Mihr 
Conveyor-two 112 tonne/hr 
Wood chip storage-100 tonneilhr Utlities: 
Day hopper- 12 tonne Electricity 50kw 
Spreader stoker-three 114 tonne/hr 
Air cooled grate HV. of Fuel 18.7MM Btu/ODTvwood
Ash removal and storage 
Stack gas air preheater Moisture Content of Fuel: 43o dry basis 
Undergrate air blo.'er 
Electrical and instrumentation Daily Fuel Input: 8.1 ODT wood 

Estimated Delivered Costs-K69.000
 
Furnace Efficiency: 0.65
 

FIGURE 4-48 
OPTION 2: RETROFIT AUTOMATIC WOOD STOKER SYSTEM­

2.5 MM BTU/HR FURNACES 
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 F 
 HotStaco

Air A aStack 

r Gas 

Lump Charcoal Crusher Screen LBG L Ij 
Storage Gasifier 

Pneumatic 
Conveyor 

r'. Ash Storage Ash Removal Blower 

LBG Charcoal Gasifier System: Labor Requirements: 
Lump charcoal storage-190 tonne 
Charcoal crusher-two 1/4 tonneihr Supervisory 0.5 M/hr
Screen-two 1 /4 tonne/hr General 2.0 M/hr 
Conveyor-two 1/4 tonne/hr 
Day hopper-8 tonne Utilities: 
LBG gasifier/reactor-7 tonne/day Electricity 30 kw 
Ash removal and storage 
Gas burner-three 2.5 MM Btu/hr H.V. of Fuel: 27.5 MM Btu/tonne charcoal 
Electrical and instrumentation 
Pipe and valves Daily Fuel Input: 5.3 tonne charcoal 

Estimatea Delivered Costs: K100.000 
Furnace Efficiency: 0.85 

Gasifier Efficiency: 0.80 

FIGURE 4-49 
OPTION 3: RETROFIT LBG CHARCOAL GASIFIER­

2.5 MM BTU/HR FURNACES 



Hopper~ 

Hot Stack
Wood Storage Wood GasChip Air 

Storage Flare r-7, 

Chipper/Hammermilase 
 Modified Existing 

LBG Wood Gasifier System Labor Requirements: 
Wood storage Supervisory 0.5 M/hr 

Wood chipper/ hammermil-two 112 tonnelhr Genera! 2.5 M/hr 
Screens-two 112 tonne/hr 
Conveyor-two 112 tonne/hr Utilities: 
Wood chip s:orage-100 tonne Electrical 50 kw 
Day hopper-13 tonne 
LBG gasifier/reactor-12 tonne H.V. of Fuel: 18.7 MM Btu/ODT wood 
Ash removal and storage 
Gas burner-three 2.5 MM Btu/hr Daily Fuel Input: 8.8 ODT wood 
Electrical and instrumentation 
Pipe and valves Moisture Content of Fuel: 43% dry basis 

Estimated Delivered Costs: K155.000 
Furnace Efficiency: 0.85 

Gasifier Efficiency: 0.70FIG URE 4-50 

OPTION 4: RETROFIT LBG WOOD GASIFIER­

2.5 MM BTU/HR FURNACES 



TABLE &-XI 

CASE D: INITIAL COSTS AND OPERATING PARAMETER ESTIMATES 

'-VNUAL AUT0 '.l!Tl*IC Al " TI C 
ST2ER SN ORK: R, . LC - LBG -

C)STS I N NINA 2u.00t- :HARCOAL U- U- { Ii WO00D 

C..PA!. IN'2NS"T .N! 12,6(70 8Q5,5 "3 , ,_1_. 1 )0 245,520 
4ORNINC CAPI TA!. 11, 90, .15,080 1 2, 1 ",00 14,470 

TOTAL INITIAL CAPITAL 
!NVT..7 24., 57,) 100,620 121,040 7 0 259,990 

INI IIAL ANNI;Al. COSIS: 

PKIMAY 67,010 109,390 61,860 "n, 1(0 67,580 

OPERATING LBOR 49,600 21,210 31,820 2403- 0 28,080 

UTILIITIES 490 7,340 .12,240 7,3.0 12,240 

!4AINTENA-NCE 1,91 12,830 16,320 23,760 36,830 

TOTAL INITIAL A-NN'AL 
OPE-VFNING EXPENDITURES 1 19, (00 150.770 122,2-0 176,070 144,730 

_ .UIPMK.l:X.,00 S , ,00 69,000 1O,000 i 55,000 
A: IN!:AL!AN.\:N ,7tS[ "'iA t' 0 7 0 

)}PF.PA\iN:C PA~:v.ETP S : 

Fill (10 t 5.7.5 Q:K)297.9 505.4 128.- 552.1 

SUVPI. (mnhr) 0.25 0.33 0.33 0.5 0.5 

GENE (m,'hr) 6.0 2.0 3.0 2.0 2.5 

EL.I (KW) 2.0 30.0 50.0 30.0 50.0 

PCOIL G.0 0.0 J.0 0.0 0.0 

HRIND (hr) 16 16 16 16 16 

ALOA-D 0.85 0.85 0.85 0.85 0. 85 

Estimated cost of improvements to existing system. 



TABLE 4-XII 

CASE D: SENSITIVITY ANALYSIS OF NPV (x 103 KINA) 

OPT IONS AUTtO)MAVI I C AUT( ).IAI I C 

SENS IT IVITY 
Si)IK

( htR( )AI. 
511 )KER 
VU)D 

I.B(;
C IARC0)AI. 

LBG 
WOOl) 

AVNALYS I S 

i* = 0.11 

BASELI NE - 31 -91 -552 -352 

EQU IP + 25 -3 -139 -622 -459 
EQUIP - 25: -280 -43 -482 -245 

F"ULE-IC + 257. -529-210 -784 -481 
FUELC - 25% -107 28 -320 -23 

1* = 020 

BASELINE -215 -91 -384 -303 

EQUIP + 25% -246 -133 -441 -392 
EQUIP - 25% -184 -53 -327 -214 

FUELC + 252 -339 -163 -520 -380 
FUELC - 25/ -91 -23 -248 -226 
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FIGURE 4-51 
NPV VS. DISCOUNT RATE: RETROFIT MANUAL STOKED WOOD FURNACES 
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FIGURE 4-52
 
NPV VS. CHANGE IN THE INITIAL COST OF EQUIPMENT:
 

RETROFIT MANUAL STOKED WOOD FURNACES, i* = 0.11
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FIGURE 4-53
 
NPV VS. CHANGE IN THE INITIAL COST OF WOOD-DERIVED FUELS:
 

RETROFIT MANUAL STOKED WOOD FURNACES, i* = 0.11
 



Case E. New package hot air furnace (4.0 MMBtu/hr)
 

* System Description
 

A new package hot air furnace, complete with fuel system, is
 

base loaded at 75 percent of capacity for 16 hours/day and has an
 

annual utility of 85 percent. Three options including a base case 

distillate oil system were considered. 

Option 0: A distillate oil-fired package hot air 
furnace (see Figure 4-54). 

Option 1: An automatic stoker, wood-fired package 
hot air furnace (see Figure 4-55). 

Option 2: 	 An automatic stoker, charcoal-fired pack­
age hot air furnace (see Figure 4-56). 

Initial cost and operating parameters were estimated for each 

option. These data are presented in Table 4-XII. The additional 

land costs shown for the wood and charcoal systems are for land 

estimated to he required over that of the distillate oil-fired 

system.
 

* Results 

The analysis indicates that both the automatic stoker, wood­

fired and automatic stoker, charcoal-fired furnaces have approxi­

mately equivalent positive NPVs. A summary of the NPV analysis 

is presented in Table 4-XIV and Figures 4-57 through 4-59. The sensi­

tivity analysis indicates that the NPV of the wood-fired system is 

more sensitive to equipment costs while the NPV of the charcoal-fired 

system is more sensitive to fuei price. The final selection of 
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either the wood-fired or charcoal-fired system must therefore incor­

porate the specific conditions of each potential application.
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Distillate 
Fuel Oil Storage 
Tank 

Hot 
Air Stack 

Fuel 
Return 

Gas 

Fuel Feed 
Pump Package 4.0 MM Btu/hr 

Distillate Oil-Fired Hot Air 
Blower Furnace 

Package Distillate Oil-Fired Hot Air Furnace: Labor Requirements: 
Fuel storage tank-40 tonne Supervisory 0.25 M/hr 
Fuel feed pump General 1.0 M/hr 
Oil preheater 
Pipes and valves Utilities: 
Electrical and instrumentation Electrical 3.0 KW 
Oil burner 
Hot air heat exchanger H.V. of Fuel: 39.7 MM Btu/tcne#2 fuel oil 

Estimated Delivered Costs: K32.000 
Daily Fuel Input: 1.2 tonne #2 fuel oil 

Furnace Efficiency: 0.85 

FIGURE 4-54
 
OPTION 0: PACKAGE DISTILLATE-FIRED HOT AIR
 

FURNACE-4.0 MM BTU/HR
 



, Day Hopper 

Conveyor 
Wood 

WOOd Chip ,per, Ae 

Hamnmermill 

Ash Storage 

Package 4.0 MM Btu/hr 
Spreader Stoker. Wood-Fired 
Hot Air Furnace 

C0 

Package Wood Fired Hot Air Furnace: Labor Requirements: 
Wood storage shed Supervisory 0.50 M/hr 
Wood chipper/hammermil and screens General 3.00 M/hr 
Conveyors 
Wood chip storage Utilities: 
Day hopper Electricity 2.5 KW 
Stoker 
Air cooled grate H.V. of Fuel: 18.7 MM Btu/ODT wood 
Ash removal and storage 
Hot air heat exchanger Moisture Content: 43% dry basis 
Electrical and instrumentation 

Estimated Delivered Costs: K1 11.000 Daily Fuel Input: 2.6 ODT wood 

Furnace Efficiency: 0.70 

FIGURE 4-55 
OPTION 1: PACKAGE WOOD-FIRED HOT AIR FURNACE­

4.0 MM BTU/HR 



Day Hopperi Hot G as 

Conveyor 

Ash Storage Package 4.0 MM Btuhr 

Spreader Stoker Charcoal 
Hot Air Furnace 

LJPackage Charcoal Fired Hot Air Furnace Labor Requirements: 
Lump charcoal storage Supervisory 0.5 Mhr 
Charcoal crusher General 2.0 Mhr 
Screen 
Conveyor Utilities 
Stoker Electricity 15kw 
Day hopper 
Water cooled grate H.V. of Fuel: 27.5 MM Btu Itonne charcoal 
Ash removal and storage 
Hot air heat exchanger Daily Fuel Input: 1.7 tonne charcoal 
Electrical and instrumentation 

Estimated Delivered Costs: K75.000 Furnace Efficiency: 0.80 

FIGURE 4-56 
OPTION 2: PACKAGE CHARCOAL-FIRED HOT AIR 

FURNACE-4. MM 13TU/HR 



TABLE 14-XIII 

CASE F: I NITIA . ('O''i'S ANI) OPERTI N(; 'ARAM TER, ESJ] I mATI.S 

1)[I I'\\ .( 

COSTS IN KINA IJIS Ill.i. .\lli)' \ I 

°, 1 1
 

N l K I.\ C )\ AI[A. 

I ,N I N 	 1 )Vi. I 

IfNI fI Al.A.AN\lN l. .CO I
 

ll<m2'.N5 iLl2. 11, I, 9) 


1'lAI (;L\ Bo1 12,1 7(j 31,82()
I NI 

111,1111.5 7i 30 120 

I N I LN.\NIE 7F . , 
F'{IIAL INSL ]'L:\ ANNU,,ALi 

OPERATLN(; EXPENDITURE S 1I,, )5,96 
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t~ }'; < .IT'<	 I.\
'3I"{ 


Il I ( -I t k)1 /Ilrr . 102.0 


S 'VI'!. { itr) ..
 

(;NI. ( /h r) 	 1.3. 

IIl 	 ( KIN . )'25.{1 


PC) II. 1.0 ((. 
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TABLE 4-XIV
 

CASE E: SENSITIVITY ANALYSIS OF NPV (xO3KINA)
 

OPTIONS AUTOMATIC AUTOMATIC
 

SENSITIVITY 
 STOKER STOKER 

WOOD CHARCOA,ANALYSIS 

i = 0.11 

359 	 366
 

EQUiP + 25% 	 282 314
 

436 448
 

BASELINE 


EQUIP - 25'/ 


321 289
FUELC + 25% 

443
FUELC - 15% 	 397 


i = 0.20 

155 	 185
BASELINE 


92 142
EQUIP + 25% 

219 228
EQUIP - 25% 


133 140
FUELC + 257 

178 231
FUELC = 25% 


133
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FIGURE 4-57 
NPV VS. DISCOUNT RATE: NEW 4.0 MMBTU/HR HOT AIR FURNACE 
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4.4 Assessment of Specific Cases
 

4.4.1 Assessment Methodology
 

Six specific cases were assessed qualitatively; detailed anal­

ysis of each of these systems was beyond the scope of this effort.
 

Preliminary quantitative analysis was employed, when data were avail­

able, to help formulate qualitative judgments. The results are
 

intended to provide a preliminary economic assessment of alternatives
 

to 	petroleum fuels.
 

4.4.2 Case Studies
 

Case F. Proposed expansion of Bougainville Copper Limited's
 
(BCL's) power plant.
 

BCL presently maintains a 135 MW power plant at Anewa Bay to
 

provide power to its mining operations. The power plant consumes
 

approximately 575 tonnes of #6 fuel oil daily.1 BCL is planning to
 

add 45 to 90 MW of capacity at Anewa Bay to be fired with imported
 

Australian coal. The possibility for utilizing domestically produced
 

charcoal, either as the primary fuel or mixed with coal, has been
 

raised. Thus, two options were considered.
 

* 	Use of imported Australian coal
 

" 	Use of domestically produced charcoal alone or mixed with
 
coal.
 

IEstimate given in conversation with Mr. J. Dunn, plant manager.
 

137
 



Australian steam coal presently is selling for approximately
 

1 

K25/tonne FOB at Australian ports. The heating value of the coal 

is approximately 26.4 MMBtu/tonne.2 lomstically produced charcoal 

is expected to sell at K75/tonne (and has a I.V. of 27.5 MMBtu/ 

of charcoal is as indi,:o:, d above, thetonne). If the selling price 

KI.77/MNBto or K46/tonne)Australian coal has a large margin (i.e., 

in which to recover traasportation and import duty costs 3 and still 

costs transporta­remain competitive with charcoal. No definite for 

the coal Australia submitted by BCL but indicationstion of from were 

are that the delivered price will not be double that of the mine 

4
 
mouth price. 

it would have to be produced inFor charcoal to be competitive, 

to minimize transportationthe vicinity of the Anewa Bay Power Plant 

must necessarilycosts. Furthermore, the cost of the wood resource 

be less than the K25/tonne presently being quoted. This would indi­

cate that wood waste with a zero or negative price would be required. 

U.S. Department of Energy, Energy Informnation Administra-ISource: 
tion, Office of Energy Information Services, and Mr. Robert Gerber, 

Zinder Co. Inc. (publishers of World Coal Statistics), Washington, 

D.C.
 
2 Data on Australian coal characteristics were obtained from Mr.
 

Linden Mayer, Australian Department of Trade. Queensland coal has
 
to 15 percent; average
an average moisture content of 6 percent 

total sulfur content of 0.3 percent to 0.5 percent; and average ash 

content of 8 percent to 12 percent. 

3 The present import duty for coal is 2.5 percent of its value.
 
4 preliminary estimates of shipping costs given by the BCL plant
 

manager were K9/tonne of coal.
 

138
 



At present, no major lumber mills producing significant quantities of 

wood waste are located in the Anewa Bay area. 

A potential advantage of charcoal is its zero sulfur content. 

The potential savings in required sulfur control equipment and the 

net environmental effects must be -,ccounted for. Thus, while pre­

liminary analyses indicate that charcoal use at tuawa Bay is not an 

economically viable option, a more detailed analysis is necessary. 

Case C. BCL's ore concentrate dryer. 

Concentrate ore of about 90 percent solids by weight is pre­

sently dried in a residual oil-fired rotating kiln dryer. The dryer 

is a single burner, direct fired heat exchanger, consuming about 4000
 

Liters of #6 fuel oil/day.1 Three fuel options were considered for
 

this system. 

* Continue the use of #6 fuel oil
 

* Convert to pyrolytic oil
 

" Convert to charcoal-oil mixtures. 

Table 4-XV presents a comparison of annual fuel use and costs 

for the three options. The pyrolytic oil option provides a 23 per­

cent reduction in annual fuel costs. The annual savings of K54,000 

will result in a rapid payback for the retrofit equipment necessary
 

to accommodate the use of pyrolytic oil. However, the effect of
 

pyrolytic oil on the characteristics of the dried ore must be
 

iEstimate given by Owen Matthews, BCL's concentrate drying plant
 
manager.
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TABLE 4-XV
 

CASE G: COMPARISON OF ANNUAL FUEL USE AND COSTS
 
FOR THE BCL ORE CONCENTRATE DRYER
 

ANNUAL FUEL USE ANNUAL COSTS
 

OPTION TONNE/YR KINA/YR
 

#6 Fuel Oil 1,350 237,600
 

100% Pyrolytic Oil 2,160 183,600
 

50/50 Charcoal Oil Mix- 1,630 204,565
 

ture
 

iBased on 360 days per yLar operation. The heating values of the
 

total fuel used in all options are equivalent.
 

140
 



evaluated. Additionally, the cost of transporting pyrolytic oil
 

to Bouganville, if not produced locally, must be accounted for.
 

Some additional observations pertaining to fuel conservation
 

were made by the project team while visiting the BCL facility. As
 

the unit is currently operated, turndown is insufficient for low fir­

ing rates. An examination revealed that combustion air is introduced
 

by induction through a series of ports on the front end of the con­

centrator drier. There is no provision for mechanically modulating
 

the air with the burner firing rate. This results in inefficient
 

use of fuel due to excessive air intake. In addition, there is sub­

stantial heat loss through the walls of the combustion chamber. The
 

excessive length of the combustion chamber and the lack of exterior 

insulation are the major reasons for this heat loss. 

Case H. A.C.I. Glass process furnace.
 

A.C.I. Glass is the second largest energy consumer in PNG.1
 

Part of the A.C.I. operations in Lae consist of a large furnace which
 

generates heat for processing glass for manufacturing bottles. Fuel
 

used by the glass rurnace was estimated at 3500 tonnes of #6 fuel
 

oil/year.2 Two fuel options were considered potentially applicable
 

to A.C.l. glass. 

" Continue the use of #6 fuel oil 

" Convert to a pyrolytic oil residual oil mixture.
 

1BCL including its power plant is the largest energy consumer in
 

PNG.
 
2Estimate by Mr. Colin Jolly, Chief Engineer, A.C.I. Glass, Lae.
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A 70/30 pyrolytic oil-residual oil mixture was selected purely
 

to illustrate the economics of utilizing pyrolytic oils. The poten­

tial for the proportion and use of a pyrolytic-residual oil mixture
 

must await tests of the effects on both furnace operation and glass
 

quality. LBG gasifiers were not considered because of the high tem­

perature requirements of the furnace and the difficulty for retrofit 

due to space requirements. Charcoal-oil mixtures were not considered 

because of the potential for particulate fouling of the glass.
 

Present furnace fuel consumption costs approximately K616,000
 

per year. The equivalent 70/30 oil required would amount to approx­

imately 4,900 tonnes per year.1 At a cost of K107 per tonne pyroly­

tic oil mix the fuel costs are equivalent to K525,770, a 15 percent
 

reduction in present fuel costs. If a 100 percent pyrolytic oil 

could be used, fuel costs would be K475,500 or a 23 percent savings 

in fuel costs.
 

Clearly, the benefits for using a pyrolytic oil are great in
 

this particular case. A.C.I. Glass recognizes this and indicated a
 

willingness to investigate the technical aspects of using pyrolytic 

oil. 2 The required research and testing should be pursued immedi­

ately.
 

lAssumes a 70/30 pyrolytic-residual oil mixture has a H.V. of
 
30.2 MMBtu/tonne.
 

2Conversation with Lou Dingjan, Managing Director, A.C.I. Glass, 
Lae, May 8, 1980.
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Case I. Arawa Hospital Boilers.
 

The Arawa Hospital presently has three George and George 75 HP
 

firetube boilers that are fired with distillate oil. All of the
 

units were experiencing severe tube wastage (both fire-side and
 

water-side) and rear door refractory problems. In two of the boil­

ers, tube failure has occurred so frequently or severely that they
 

are not repairable. The remaining boiler is not expected to have a
 

significant service life, and combustion efficiency on this boiler
 

was judged to be significantly below design. The boilers are approx­

imately 10 years old. Lack of technically qualified operators,
 

proper maintenance and adequate boiler water treatment are the main
 

reasons for failures. Replacement of these boilers will be necessary
 

within a year. Several options were considered for replacement of
 

the existing boilers.
 

" Package oil-fired boilers 

" Package wood-fired boilers 

" Solar hot-water/low-pressure steam units 

" Electric hot-water/low-pressure steam units.
 

The option most desirable for the Arawa Hospital is electric 

hot-water/low-pressure steam units. Electric boilers have a higher
 

reliability and low maintenance requirement when compared to other
 

available options. New oil-fired boilers, besides being costly to
 

run, might encounter the same operation and maintenance problems that
 

led to the demise of the present boilers. In addition, the potential
 

143
 



a decline in the combustion efficiency of an oil-fired boiler due
for 


an electric
to lack of maintenance is much greater than that of 


boiler. 

On a purely economic basis, an electric boiler may not be the 

lowest cost option. Tle initial capital investment for an electric 

less tha'n an equivalent oil-firedboiler is approximately 30 percent 

boiler.1 However, if electricity is bought at KO.05/kWh and dis­

tillate for K310/tonne, the equivalent cost of delivered steam is
 

and K8.85/MMBtu for the oil-K14.95/MMBtu or the electric boiler 

fired boiler. 2 With relatively higher inflation for petroleum 

A partially offset­fuels, this discrepancy in costs will decline. 


the lower mainten­ting factor to the differential in fuel costs is 

ance costs expected for electric boilers. 

Wood-fired boilers are not particularly suited for the Arawa 

Hospital because of the additional maintenance and operational staff 

to those with the existing oil­required. Problems similar 


fired boiler may be compounded with a wood-fired boiler. 

Solar units, besides requiring a large initial capital invest­

ment and having an unproven reliability, will require a backup system 

and operation and maintenance expertise not presently available 
in
 

of equipment for the oil burner and boiler components is
IThe cost 

to that of a similar capacity electricapproximately equivalent 


installa­boiler. However, the fuel storage and feed system plus 

tion results in additional costs for oil-fired boilers.
 

2Assumes boiler efficiencies of 98 percent for electric boilers and
 

80 percent for oil-fired boilers.
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Arawa. While the overall economics of a solar system could be
 

attractive, an initial demonstration of this technology in PNG should
 

be conducted in an environment more conducive for technical success.
 

Case J. Tea withering process of Mt. Hlagen tea estates. 

in the tea withering process, freshly picked tea leaves ace air 

dried prior to being shredded for fermentation and final drying. 

Indirectly heated, forced air is used to witheu the tea leaves. Heat 

is provided from either distillate oil or split log fired furnaces. 

On extremely warm, dry days, forced ambient air is used. 

The present design of the withering process is inefficient and 

does not utilize the potential for solar ass.i3ted drying. The fans
 

used for forcing air through the "wit!,.ring ducts" (see Figure 4-60) 

generally are overloaded. The overload is due to the wet tea leaves 

being piled too high in the withering pans to permit air circulation 

through them. 

A redesign of the withering process to increase air circulation
 

and utilize solar heat would reduce the time required to wither the 

tea leaves and save energy. A possible redesign is shown on Figure 

4-61.I In this design, multiple wire mesh racks are used in con­

junction with solar air heaters. The multiple wire mesh racks elim­

inate the dense piling of tea leaves and enhance the circulation of
 

air through the leaves. Solar air heaters that form the roof of the
 

IThis design is the author's based on information extracted from
 

References 13, 14, 15 and 16.
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withering shed help heat the air used to dry the leaves. The solar 

air heaters are simple, lightweight metal boxes, painted black on the 

insides with glass or plexiglas coverings. The existing wood- or 

oil-fired furnaces may be used as backup systems to provide heat on 

cloudy or rainy days. However, with a shortening of the withering 

process (currently five to seven days), the need to force dry the 

leaves on cloudy days could be eliminated. A more detailed technical 

and economic assessment of this option needs to be performed. 

Case K. Tobacco curing process at Rothmans tobacco. 

Rothmans tobacco curing facility in Goroka consists of several 

small (approximately 3 x 3 meters square and 10 meters high) curing 

barns, each equipped with four pot-type kerosene burners (see Figure 

4-62). The kerosene burners are used to generate the heat required 

to cure the tobacco. The curing process requires that the tempera­

ture at the top of the barn be maintained at 180°F for seven days. 

There are approximately four curing periods of four weeks each every 

14 months. Kerosene consumption is estimated to be approximately 238 

tonnes during a 14 month growing cycle. 1 With the cost of kerosene 

at K332/tonne, fuel costs K79,000 per 14 months or approximately
 

K67,700 per annum. Three options were evaluated to determine the
 

best strategy for curing the tobacco.
 

1Estimates made by Henry Agustonelli, Farm Manager, Rothmans
 
Tobacco, Goroka.
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* Continue to use the kerosene pot burners
 

" Install a central wood-fired, hot air furnace
 

" Utilize solar crop drying techniques in conjunction with
 
a kerosene backup system. 

A preliminary analysis indicates that the best option is to 

incorporate solar crop drying techniques with a kerosene backup 

system. Tests at the North Carolina State University Agricultural 

Experiment Station indicate that a 20 percent reduction in fuel costs 

can be achieved by using a curing barn constructed to utilize solar 

heat in conjunction with conventional heating (References 17 and 18). 

If these savings can be achieved at the Rothmans facility, the NPV of 

the savings will amount to K116,800 over a 10-year period (assuming a 

discount rate of 1I percent and an annual inflation in the price of 

petroleum of 8 percent). Thus, if the necessary solar modifications 

cost less than K116,800, a net return will be realized. A detailed 

study of the costs of the required solar modifications was beyond the 

scope of this study.
 

An economic analysis of a central wood-fired furnace indicated 

that the NPV of expenditure savings over both a 10- and 15-year 

period was negative because of the low overall utility of the system. 

Heat for tobacco curing is required for only an average of 16 to 20 

weeks every 14 months, or an annual utility factor between 0.26 and 

0.33. Such low utility does not permit the recovery in fuel savings 

of the large initial capital investment required for a wood furnace. 

150
 



The estimated capital investment for a 4 MMBtu/hr furnace is V177,000 

(see Case E). The costs for the kerosene pot-burners with equivalent 

heat output is estimated at K16,000. 1 This large differential in 

capital costs coupled with the low utility of the system renders the 

wood-fired furnace uneconomical in this particular case. The wood­

fired furnace would be more economical if the utility factor for the
 

system was greater than 0.5. 

'Based on assumed cost per pot burned of K1O00 and a heat output of 
250,000 Btu/hr. 

151 



2 LANIDK
 



REFERENCES
 

1. 	Papua New Guinea Office of Forests, "Facts and Figures: 1978
 
Edition", Department of Primary Industry, Port Moresby, Papua
 
New Guinea, 1978.
 

2. 	Papua New Guinea Department of Forests, "Timber Trade Mission,
 
1979", Boroka, Papua New Guinea, 1979.
 

3. 	New Horizons - Forestry in Papua New Guinea, Jacaranda Press Pty
 
Ltd. Brishane, 1973.
 

4. 	"Power from Wood: A Special Report", Power, McGraw-Hill Publica­
tion, February, 1980.
 

5. 	J. W. Tatom, "Feasibility of Industrial Fuel Production from
 
Purolysis of Wood Wastes in Papua New Guinea", Energy Planning
 
Unit, Department of Minerals and Energy, Konedobu, Papua New
 
Guinea.
 

6. 	A. Page, et al., "Technologies for Commercial and Industrial Heat
 
from Biomass", MITRE Working Paper WP80W00010, The MITRE Corpora­
tion, McLean, VA, February 1980.
 

7. 	T. J. George, et.al., "Coal-oil Mixtures: A Good Idea for DOE",
 
Coal Mining and Processing, March, 1979.
 

8. 	Y. S. Pan, et. al., "Recent Coal-Oil Mixture Tests at PETC".
 
Presented at 1980 Spring Meeting, Combustion and Utilization of
 
Alternative Fuels, Louisiana State University, Baton Rouge, LA,
 
March 1980.
 

9. 	Y. S. Pan, et. al., "Combustion of Coal-Oil Mixtures in a 700HP
 
Watertube Boiler", Pittsburgh Energy Technology Center, U.S.
 
Department of Energy, Pittsburgh, PA.
 

10. J. J. Fritz, et. al., Status Review of Wood Biomass: Gasifica­
tion, Pyrolysis and Densification Technologies, MITRE Technical
 
Report 79W00345, The MITRE Corporation, McLean, VA, January 1979.
 

11. 	H. Abelson, et. al., Distributed Solar Energy Systems: Volume IV,
 
Wood Combustion Systems for Process Steam and On-Site Electricity,
 
MITRE Technical Report 79W0021-04, The MITRE Corporation, McLean,
 
VA, May 1980.
 

153
 



REFERENCES (concluded)
 

12. 	 I. A. Gilmour, "Energy Requirements for the Tea Drying Operations 
in the Western Highlands". Report to the Department of Minerals 
and Energy, Konedobu, Papua New Guinea, May 1980. 

13. 	 Brace Research Institute, "A Survey of Solar Agricultural Dryers",
 
Technical Report T99, McGill University, Quebec, Canada,
 

December 1975.
 

14. 	 M. K., Selcuk, et. al., 'bevelopment, theoretical analysis and
 
Performance Evaluation of Shelf Type Solar Driers." Paper
 

presented at the Winter Annual Meeting of the American Society
 
of Mechanical Engineers, 11-15 November 1973. Detroit, Michigan,
 
1973.
 

15. 	 0. Headley, "A Natural Convection Solar Crop Drier." In:
 
Proceedings of the International Congress. The Sun in the Service 
of Mankind, 2-6 July 1973, Unesco House, Paris, pp. V-26:1-10.
 

Washington, D.C. Research Applications Directorate, U.S.
 

National Science Foundation, 1973.
 

16. 	 Satcunaanathan, Supproamaniam. "A Crop Drier Utilizing a Two
 
Pass Solar Ar Heater. In: Proceedings of the International
 

Congress. The Sun in che Service of Mankind, 2-6 July 1973,
 
Unesco House, Paris, pp. V-27:1-17. Washington, D.C.: Research
 

Applications Directorate, U.S. National Science Foundation, 1973.
 

17. 	 "Solar Heat Cuts Curing Costs", Research and Farming, V. 33,
 
No. 1-2, 1974 North Carolina Agricultural Experiment Station,
 

Raleigh, NC.
 

18. 	 B. K. Huang, et. al, "Solar Energy Utilization Using Greenhouse
 
Bulk Curing and Drying System", North Carolina State University,
 
Raleigh, NC.
 

19. 	 Papua New Guinea Guide to Income Taxation for Investors, Papua
 
New Guinea Ministry of Minerals and Energy, 1979.
 

154
 



APPENDIX A 

WOOD CONVERSION TECHNOLOGIES
 

A-i 



I E rT 0---a-,I_-

ILA-N 



APPENDIX A
 

WOOD CONVERSION TECHNOLOGIES
 

Page
 

A-I INTRODUCTION A-5
 

A-2 DIRECT COMBUST1ON A-5
 

A-2.1 Stoker Systems A-6
 
A-2.2 Package Systems A-10
 
A-2.3 Suspension Burner Systems A-12
 
A-2.4 Fluidized-bed Systems A-15
 

A-3 THERMOCHEMICAL PROCESSING A-19
 

A-3.1 Gasification A-19
 

A-3.2 Pyrolysis A-26
 

A-4 CHARCOAL-OIL MIXTURES A-33
 

REFERENCES A-39
 

A-3
 



LIST OF TABLES
 

Table Number Page
 

A-I Commercial/Industrial Technologies A-7
 

A-II Sample List of Stoker Boiler Manufacturers A-Il
 

A-Ill Sample List of Sources of Data on Wood­
fired Boilers A-14
 

A-IV Sample List of Manufacturers of Wood
 
Suspension Burners A-17
 

A-V Fixed-bed Wood Gasifier Gas Analysis A-23
 

A-VI Gasification Process Summary A-25
 

A-VII Sample List of Wood Gasifiers Manufacturers A-27
 

A-VIII Current Status of Pyrolysis Systems A-30
 

A-IX Characteristics of Pyrolytic Oil and
 

Residual Oil A-32
 

LIST OF FIGURES
 

Figure Number Page
 

A-I Typical Spreader Stoker Boiler System A-8
 

A-2 Wellons Cyclo-Blast Boiler System A-13
 

A-3 Typical Wood Suspension Burner System A-16
 

A-4 Typical Wood Gasification System A-22
 

A-5 Product Yield from the Rapid Pyrolysis
 
of Paper A-29
 

A-6 Conceptual Diagram of COM Preparation
 
and Combustion A-35
 

A-4
 



APPENDIX A
 

A-i INTRODUCTION
 

Whroa f_,,cz! have been analyzed in several MITRE studies (Refer­

ences I through 8) and the discussion which follows is based on these 

sources. 

The use of wood fuels can be classified into two broad cate­

gories: direct combustion and thermochemical conversion. In direct 

combustion, the chemical energy in wood is converted to thermal 

energy through the rapid reaction of the hydrogen and carbon in the
 

wood with oxygen in a'r. The thermal energy is used for process heat
 

or process steam. In thermochemical converjion, the chemical energy
 

of the wood is converted to a gas (low-Btu gas), liquid (pyrolytic
 

oil) or solid (charcoal). The converted Droduct can then be com­

busted to produce thermal energy. The primary advantage of thermo­

chemical conversion is efficieqcy of handling and combustion of the
 

converted fuel. A brief discussion of the state-of-the-art of wood 

combustion and conversion technologies is presented below. The 

discussion includes lists of manufacturers of wood combustion and
 

conversion equipment.
 

A-2 DIRECT COMBUSTION
 

Several types of wood-fired combustion systems are available.
 

Prior to 1950, the dutch oven was the most commonly used system.
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Wood is fed into the oven from the top and falls onto a water-cooled 

grate where most of it is gasified. The gases produced are mixed 

with air and travel to a combustion chamber where they are burned to 

produce the heat required for steam generation. Though dutch ovens 

are still used today, they are being replaced by larger and more 

efficieot combustion systems such as spreader-stokers and suspension 

systems as weLl as advanced fLuidized-bed systems. 

A summary of the firing methods currently used is presented in 

Table A-I and briefly described below. 

A-2.1 Stoker Systems 

There are three types of stokers: underfeed, crossfeed and 

overfeed (i.e., spreader-stoker). They differ mainly in the relative 

directions of the flows of fuel and air. 

Of these three types, spreader-stokers are now the most widely 

used because they handle a range of solid feedstocks, respond rapidly 

to Load changes and operate effIcien, .; wih comparatively low excess 

ai.r. As shown in Figure A-I, the wood fuel is spread pneumatically 

or mechanically across the combustion chamber onto the surface of a 

grate. Small fuel particles burn in suspension while larger pieces 

fall and burn on the grate. The feed system is designed to spread an 

even, thin hed of fuel on the grate. The flame over the grate 

radiates heat to the fuel to aid combustion. Both underfired and 

overfired air are used for controlling the combustion pro-ess. The 
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TABLE A-I 

CO:E-FRC IALi I:IUSTK I AL TECHNOLOGIES 

TECHNOLOGY DESCRIPTIO:: FUEL TYPE EFFICIENCY SIZE RAN;GE 

Stoker systems In stoker firing, hogged 

fuel or wood chips are 

either flipped or blown 
into the combustion zone 

of the boiler. Small 

particles burn in suspen­
.ion wi ile larger pieces 
burn on the grate. 

Hogged wood, wood 

chips, bark, etc. 

Typical particle size 
range between 3/4" -
1-1/2". 

57-6K' 25-500 Million Btu/hr 

Package systems This svstem uses a fuel 

cell ! ri,!< method. A 
refractorv lined chamber is 

V'sed :i a fii.1 burner ctell. 

Hogged wood, sawdust 

bark, planer shavings, 
etc. 

65-70Z: 10-50 Million Btu/hr 

Suspension 

burner systems 

Tlie COE DAZ Scroll feed 

burner is an automated 
burner for handling 'inu 
organic residues. This 
burner can be used to 
retrofit oil- and gas-fired 

boilers. 

Requircs fine (1/32") 

and dry feed material. 
Wil burn sander dust, 
particle board trim, 

bark, sawdust, etc. 

65-75;" 10-50 Million Btu/hr 

Fluidized-bed 

systems 

'luidized-bed s'stems are 

preferred for burning 

dirty fuel, or high mois-

ture content fuel which is 
not easily burned in a con-
ventional system. The 

boiler integrated with this 

fluid-bed burner, will in 

general, be a fire-tube 

design. 

Wood waste and residue, 

fuel containing signifi­
cant amount of foreign 

materials (sand, glass, 
etc.). 

60-75% 10-50 Million Btu/hr 



FIGURE A-1 
TYPICAL SPREADER STOKER BOILER SYSTEM
 

(FROM APPLIED ENGINEERING CO. BULLETIN NO. 868)
 



walls are normally lined with tubes for heat exchange.furnace 

Because there is little refractory material, the furnace can respond 

quickly to load variations. Construction and maintenance costs of 

these furnaces can be quite Low. 

Many types of stoker systems are presently manufactured. These 

can be grouped into two categories: single chamber combustion or 

multi-chamber combustion. In the multi-chamber system, partial 

oxidation of the fuel with substochiometric air occurs in the first
 

chamber followed by off-gas combustion in the additional chambers.
 

The muLtipLe-chamber design separates the gasification step from the
 

main combustion step and, therefore, TmlinLmizes ash carryover and 

improves control of combustion. Single-chamber units are more 

difficult to control than multiple-chamber units, emit more par­

have a relatively low turndown rati. . ALternately,ticuLates, and 

single-chamber units are simpler to operate and have a lower cost 

than mu Ltip Le-chamber units. 

Stoker systems can incorporate various grate designs. Among the 

or
possibiLities are stationary or continuously moving grates, fixed 


dumping type grates, flat or inclined orientations, and air-cooled or
 

water-cooled designs. Selection of a particular grate design depends 

on furnace capacity, fuel. characteristics (i.e., heating value, and 

moisture and ash content), combustion air requirements, and
 

maintenance considerations.
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Stoker systems are a commercially proven technology. According 

to the American Boiler Manufacturers Association, wood-fired stoker 

boilers represent 14 percent of all boilers, in size range of 100,000 

to 300,000 Ibi 6Leaw per hour, sold in the U.S. in the last ten 

years. A sample List of stoker boiler manufacturers is shown in 

Table A-LI. 

A-2.2 Package Systems
 

Package systems are shop assembled units shipped completely
 

ready to connect and operate. Package boilers with capacities up to
 

60,000 pounds of steam per hour are in this category. When higher 

steam outputs are required, several units can be operated in paral-

LeL. Wood-fired package boilers are a commercialLy proven tech­

nology. About 100 wood-fired package boilers were reported to be in 

operation in North America as of 1978. 

Package boilers can generate hot water, low pressure steam or, 

in some designs, high pressure steam. The units are fully automated 

and designed for simplicity and flexibiLity of operation. In some 

designs, wood fuel of fairly large size (end cuts, for instance) and 

high moisture content (50 to 60 percent wet basis) can be used,
 

therefore eliminating the constraints of fuel drying required for 

suspension burners. 

The design of package boilers differ by the type of combustion 

chamber and combustion system used, the type, size and moisture 
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TABLE A-II
 

SAMPLE LIST OF STOKER BOILER MANUFACTURERS
 

Anga and Varme A.B. 

Halmsted, Sweden 


Applied Engineering Co. 

1525 Charleston tlwy., 
Orangeburg, SC 29115 


Babcock-Wilcox Company 
20 S. Van Biren Avenue 
Barberton, 011 44203 

Basic Environmental Engineering Inc. 

21W161 Hill Street
 
Glen Ellyn, Illinois 60137 


Berg and Starck A.B. 
Norrtal.je, Sweden 

Detroit Stoker Company 
Monroe, Michigan 48161 

Envirometrix, Inc. 
P.O. Box 1869
 
Seattle, WA 98111
 

Envitherm, Inc. 
417 Gates Street
 

Mount Vernon, WA 98273
 

Foster Wheeler
 
110 South Orange Avenue
 

Livingston, NJ 07039 

Irvington-Moore Division 
U.S. Natural Resource, Inc. 
P.O. Boa.: !0666 
Jacksonville, FL 32203 

Komis-Kessel 
Robert Bosch STr. 305, D-6830
 

Schwetzingen, West Germany
 

Lamb-Cargate Industries, Ltd.
 
P.O. Box 440,
 
New Westminster, B.C. V5C 3N3, Canada
 

A-iI 

Lockhead-Haggerty Engineering
 
and Mfg. Co., Ltd.
 

3904 Grant Street
 

Burnaby, B.C., V4C 3N3, Canada
 

Olivine Corporation
 
1015 Hilton
 
Bellingham, WA 98225
 

The International Boiler Works Co.
 
P.O. Box 498
 

East STroudsburg, PA 18301
 

Zurn Company
 
2214 West 8th Street
 
Erie, PA 16512
 

http:Norrtal.je


content of the 
fuel tolerated, and the need for supplementary fuel.
 

In most package systems, a refractory lined chamber is used as the 

fuel burner cell. 
 The refractory chamber enhances high temperatures
 

for smoke-free combustion. Package wood-fired boilers range in size 
from 3,000 to lbs60,000 steam/hr with combustion efficiencies 

between 65 to 
70 percent. 
 Package systems are generally designed for
 

automatic control. 
 Properly sized wood fuel is continuously metered
 

from a storage bin to the 
fuel cell burner. 
 A sample package boiler
 

system is 
shown in Figure A-2. 
 A list of package system
 

manufacturers 
is presented in Table A-Ill.
 

A-2.3 Suspension Burner Systems
 

In suspension burners, relatively fine particles of wood or
 

other organic material are mixed with 
air and burned in suspension.
 

Suspension firing of is
wood similar to pulverized coal firing. As
 

of 1978, more than 200 units 
were reported to inbe operation in the 

U.S. Some of these units have in torbeen service over 15 years. 

Suspersion burners produce a relatively clean hot gas which can 

be used in various industrial processes. The burners can also be
 

used to 
retrofit existing oil- o) ,i-;ired package boilers producing 

less than about 50,000 pounds of sL.I per hour. Suspension burners
 

are generally fully automated and have sufficient turndown capability
 

to respond 
to variable energy demands encountered in process
 

applications.
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i I. 

5. Conveyer fromn Storage Bin (not shown) 
6. Xut-ering 3urge Bin 
7. Fuirnace Feed Auger 14. Rotary seal 

8. Water-coolej Grates 15. Dump box 

9. Coobuurtion-co p let inn Chamber 16. Conhustion air Preheater 

10. Dropout Cimar.~hur 17. Induced draft Damper 

11. Radiant Section of Boiler 18. Induced draft fan 

12. Steam Outlet to Process 19. Exhaust Stack 

13. Muiticone Collector 20. Forced draft Fan
 

21. Linear flow Dampers
 

FIGURE A-2
 
WELLONS CYCLO-BLAST BOILER SYSTEM
 

(FROM WELLONS INC., BULLETIN 081)
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TABLE A-Ill: SAMPLE LIST OF SOURCES OF DATA ON
 
WOOD-FIRED BOILERS
 

Babcock and Wilcox Canada Ltd.
 
1055 West Hastings Street
 
Vancouver, B.C. V6E, 2E9 Canada
 

Gebruder Weiss Boiler Company
 
3142 N. Nottingham Avenue
 
Chicago, IL 60634
 

Ray Burner Company
 
1301 San Jose Avenue 
San Francisco, CA 94112
 

Ultrasystems, Inc.
 
2400 Michelson Drive
 

Irvine, CA 92715
 

Wellons, Inc.
 
P.O. Box 381
 
Sherwood, OR 97140
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The major disadvantage of suspension burners is that they 

require dry, fine fueL. Dry fuel may be available at some industrial 

Locations (planer shavings, for instance). In other situations, the 

fuel must be dried to the moisture content required by the suspension 

burner design. In most cases, the dry wood fuel miu;t ho ,mmermilled 

to the size required by the burner. The cost of these fuel pre­

paration steps as weLl as fuel storage and fuel. handLing equipment 

may bring the cost of the total wood-fired syste to two or three 

times that of the burner aLone. Suspension burners a Lso require some 

electrical power for wood feed and air blowers and may require 

auxiliary fossiL fuel for startup anid operation. 

The thermaL efficiLency of a hoLIer usting suspension burners is 

around 75 percent. This efficiency corresponds LO a 10 percent 

moisture feedstock, 25 percent excess air and 500'F stack gas 

temperature. This reLatively high thermal efficiency is partly a 

result of suspension burning, where a high heat release rate (50,000 

Btu/cu.ft.), comparabLe to oil- or gas-fired boilers, is achieved. A 

sample suspension burner system is shown in Figure A-3. A list of 

manufacturers of wood suspension burners is presented in Table A-IV. 

A-2.4 Fluidized-bed Systems 

Fluidized-bed combustion systems burn fuels (gas, liquids or 

solids) in the presence of a mass of mineral particles (i.e., crushed 

sand, limestone, doLomite or other minerals) which are supported and 
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CONTROL andFUEL PRLPARATION. SIZING, AND DRYING STORAGE METERING and COrVEYING INSTRUMENTATIONJ BURNER HEAT RECOVERY 

FIGUREA-3
 
TYPICAL WOOD SUSPENSION BURNER SYSTEM
 
(FROM A PEABODY GORDON-PIATT BULLETIN)
 



TABLE A-IV: 	 SAPLE LIST OF MANUFACTURERS 
OF WOOD SUSPENSION BURNERS 

Coen Company, Inc.
 

1510 Rollins Road
 

Burlingame, CA 94010
 

Energex-Moore Canada Ltd. 

1900 No. 6 Road 

Richmond, B.C. 176V 1P2 

Canada 

Envirometrix, Inc.
 

P.O. Box 1869
 

Seattle, WA 98111 

Guaranty Performance Company, Inc.
 

P.O. Box 230045
 

Tigard, OR 97223
 

Peabody Gordon-Piatt
 

P.O. Box 650
 

infield, KS 67156 

Wavcott Systems, Ltd. 

2940 Main Street 

Vancouver, B.C. %T5T 3G3 

Canada 
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two
kept in turbulent motion by a constant stream of air. There are 


basic types of fluidized-bed combustion systems: atmospheric and
 

pressurized.
 

The fluidized-bed package boiler is an atmospheric combustion
 

system. Combustion air passes through a bed of lime, fuel (e.g.,
 

wood waste), and ash particles in a "homogeneous turbulent" motion
 

that closely resembles a boiling liquid. This turbulent motion
 

results in a f4--e- to ten-fold increase in the heat transfer rate
 

within the bed when compared to a conventional stoker-fired boiler.
 

The atmospheric mutifuel fLuidized-bed combustion package system can
 

produce steam or hot water and operates at an efficiency
be used to 


of between 65 to 75 percent (depending on system design and fuel
 

characteristics). 

FLuidized-bed combustion systems are commercially proven for 

10,000 pounds of steam per hour and have been demonstrated
wood up to 


up to 50,000 pounds per hour. A 100 MBtu/hr un-it manufactured by 

Combustion Power Company is in operation at the Weyerhauser facility 

1 
in Longview, Washington. The unit burns log-yard cleanup and
 

'Reference to specific manufacturers is not the result of a
 
constitute an endorsement
deliberate selection process nor does it 


of the manufacture' -oducts.
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other residues to provide hot gas to a boiler. All existing units 

are fire tube construction and are therefore limited to about 300 psi 

pressure. 

A-3 THERMOCHEMICAL PROCESSINC 

Thermochemical processing of wood can he either pyrolysis or 

gasification. In pyrolysis, wood is heated in the absence of oxygen 

(i.e., air) to temperatures at which the hydrogen and carbon in the 

wood decomposes, producing combustible solids, Liquids, and a small 

amount of gases. A limited amount of oxygen may be used, however, to 

provide the needed heat for decomposition. In gasification, wood is 

heated, usually with Limited quan titLes of oxygen, in order to 

maximize the quantities of carbon monoxide and hydrogen produced. 

The aim in thermochemical conversion is to obrain chemica I energy in 

a form convenient for transportation, storage and efficient 

combust ion. 

A-3.1 Gasification 

The objective of gasification Is to convert the energy content 

of wood and wood residues into a useful form. The gas produced may 

be used as a fue' or as a chemical raw material. 

Depending on the gasification process, partial oxidation is
 

carried out with either air or oxygen. Gasifiers under development
 

for partial oxidation of wood, wood waste, and municipal waste are
 

designed to operate at atmospheric pressure (in contrast to coal 
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gasifiers which can operate at pressures up to 1,000 psig). The
 

atmospheric pressute gasifiers produce a low-Btu gas consisting of
 

hydrogen, carbon monoxide, and carbon dioxide, with minor amounts of
 

methane and heavier hydrocarbons and large amounts of nitrogen (about
 

42 percent) if air is used.
 

This gas has a heating value of about 180 Btu per scf. With the 

use of oxygen, nitrogen dilution is essentially eliminated, so the 

heating value of thp gas may be as high as 350 Btu per scf. In 

either case, the gas containes a high percentage of moisture (as 

opposed to the product gas from coal gasification) corresponding not 

only to that generated during the partial oxidation but al3o to that 

present in the feed material. This moisture can be removed in the
 

after treatment of the gas. In general, about 2 percent of the wood
 

(dry basis) is converted to an oil-tar fraction which may be
 

recycled.
 

Reactors used for the gasification process are generally charac­

terized by the method of contacting solids and gases. The principal
 

reactor configurations are:
 

* Fixed-bed
 

@ Stirred moving bed
 

@ Fluidized-bed
 

e Entrained flow.
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Of these configurations, only fixed-bed gasifiers have been 

commercially used for wood gasification. The mcst common design is an 

updraught fixed-bed reactor in which three distinct reaction ... ILes 

(drying, pyrolysis, and combustion) can be identified. Repre­

sentative reactions are outlined below: 

Drying Zone
 

212 - 400OF 

Moist Wood + Heat - Dry Wood + Water Vapor 

Pyrolysis Zone 

400 - 900OF
 

Dry Wood + Heat Char + CO + H20 + CH4 +
 

C2 4 + other hydrocarbons + 

pyroligneous acids + tars 

Gasification and 
Oxidation Zone
 

Char + 02 + H20 -2 CO + H2 + CO2 + Heat 

These reactions are sequential as the wood descends by gravity 

through the gasifier. A typical wood gasification system is shown in 

Figure A-4.
 

The fuel gas produced from the gasification of wood exits the 

gasifier at 250OF to 1,200'F depending upon the moisture content of
 

the feedstock. The exit gas contains tars and oil as well as the 

combustible CO, H2 and CH4 gaseous components. A typical gas 

analysis for air blown gasification of wood is given in Table A-V. 
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Airlock 
Fuel 
Feed 

Low-Btu Gas 

DISTILLATION 

REDUCTION 

OXIDATION 

ASH ZONE. 

,­

' :'" 't 

PRIMARY AIR 

FIGURE A-4 
TYPICAL WOOD GASIFICATION SYSTEM 
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TABLE A-V
 

FIXED-BED WOOD GASIFIER 
GAS ANALYSES*
 

FEEDSTOCK
 
ULTI ATE ANALYSIS (T) 

C 
H 
0 
N 

S 
ASH 
MOISTURE 


TOTAL 


HHV, BTU/LB 

Gas Composition (Vol. $, 

H2 


CO 

COl 

CH, 
N24+ A
H2S + COS 

TOTAL 


HHV, BTU/SCF 


VENTEAK WOOD 

30.90 
3.60 

25.35 
0.7
 
0.05 
1.00 

38.40
 

100.00 

5,410 

Dry Basis, Tar Free)
 

13.0
 

29.0
 
6.6
 
4.0
 

47.4
 

100.0
 

176
 

SCF of Dry Gas/LB Feed 17.2
 

0.08 1 *
 Tar-Oil Product/LB Feed 

Power Gas Inc., Houston, TX, March, 1979.*Source: AsworTh, R. Davy 
**Includes methyl alcohol, does not include acetic acid
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The wood-based low-Btu gas has a heating value of 120 to 175
 

Btu/scf depending upon the feedstock, moisture content and opera­

tional variables. The gas is most likely to be used in a
 

cLose-coupled boiler, kiln or dryer after particulate removal in a 

simple cyclone. It is desirable to keep the product gas hot, usually 

500°F to 800°F and to minimize both condensation of the tars and 

sensible heat losses. 

Table A-VI presents a list of gasification units currently in
 

use or under development, 

Low-Btu gas (LBG) is often considered a more attractive
 

alternative than medium-Btu gas (MBG) because of the capital expense 

and technical problems associated with construction and operation of 

an oxygen plant for an MBG facility. However, the average thermal
 

conversion efficiency of producing MBG (about 80 percent) can be 10
 

to 15 percent higher than for LBG, thereby reducing feedstock
 

requirements. Factors such as conversion costs and boiler derating
 

will limit the use of LBG in direct oil burning applications.
 

Retrofitting oil- or gas-fired boilers to burn LBG will typically
 

include the following:
 

" Replacement of the existing burners
 

" 	Expanding the duct work for increased flue gas volume
 

" 	Adjusting the capacity of the induced draft fan or replacing
 

it with a large unit.
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Existing gas- or oil-fired boilers would be derated when lou-b:u
 

gas is used as a fuel. The degree of boiler derating will depend ot
 

the size of the furnace. Derating will be minimized if the original
 

boiler has a relatively large furnace. Present day oiL- and gas­

fired package boilers, however, are designed to have very Jlose tube
 

spacing and small furnaces compared to solid fuel. This will Limit
 

the extent of retrofit potential and will introduce some boiler
 

derating when Low-Btu gas is used as fuel. The magnitude of boiler 

derating, depending on the original furnace design (relatively
 

spacious, or very compact) may range between 5 to 25 percent of the 

initial design capacity.
 

A sample List of wood gasifier systems manufacturers is shown in
 

Table A-VII.
 

A-3.2 Pyrolysis
 

Pyrolysis, or destructive distillation, is the thermal degrada­

tion of organic materials in a oxygen-defficient environment. The
 

principal products of pyrolysis are gas, oil, char and water. The
 

quality and quaaitities of these products depend both on input feed
 

characteristics and process variables. For example, wood or wood
 

wastes are pyrolyzed to produce a low-Btu gas, pyrolytic oils and
 

charcoal. The relative amounts of these quantities are primarily
 

controlled by:
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TABLE A-VII
 

SAMPLE LIST OF WOOD GASIFIERS MANUFACTURERS 

Alberta Industrial Development, Ltd.
 
1704 Cambr-idge Building 

Edmonton, Alberta, Canada T5J 1R9
 
403-429-4094
 

Applied Engineering Co. 
1525 Charleston Hwy.
 
Orangeburg, SC 29115 - 803/334-2424
 

Biomass Corp.
 
P.O. Box 487
 
Yuba City, CA 95991 - 916/674-7230
 

Garrett Energy Reserach & Engineering
 
Box 21
 
Claremont, CA 91711
 
714-593-7421
 

Monsanto Enviro-Chem Systems, Inc,
 
800 N. Lindburgh Bivd.
 

St. Louis, MO 63141
 
314-694-1000
 

Nichols Engineering & Research Corporation
 

Homestead and Willow Road
 
Belle Mead, NJ 08502
 
201-359-8200
 

Occidental R&D Company
 
10889 Wilshire Blvd.
 
Los Angeles, CA 90024
 
213-879-1700
 

TechAir Corporation 
2231 Perimeter Park, Suite 16
 

Atlanta, GA 30341
 
404-458-9096
 

Union Carbide Corporation
 
270 Park Avenue
 
New York, NY 10017
 
212-551-2345 

Weyerhaueser Company 
Tacoma, WA 98041
 
206-259-0425
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" The residence time of the wood in the pyrolytic converter 

" The temperature of the pyrolytic converter 

" The pressure in the pyroLytic converter. 

In general, Long residence times, high temperatures and lower 

pressures favor gas production while Low temperatures favor oil and 

char production (see Figure A-5). 

Reactors used for pyrolysis are usually characterized by the 

flow of solids and gases. The principal reactor configurations are: 

" Gravitating Fixed Bed. These are stationary grate devices, 
where descending solids come in contact with rising gases in 

counter-current fashion. These may a so be called moving 
packed-bed reactors. 

" 	Gravitating Stirred Bed. This is a variation of moving 
packed-bed systems where the solid feedstock is agitated on a 

moving grate or rabbLe arms, continually exposing new 
surfaces for gasification. 

" 	Fluidized-bed. In this system, gases coming from the bottom 
hold the solids in suspension so that partial combustion and 

subsequent pyrolysis can occur. 

" 	Rotary Kiln. Solids are charged at one end, with gases 
moving either concurrently or counter-currentLy. 

There are presently no commercially available pyrolysis 

processes producing both solid and liquid marketable fuel.s from 

wood. However, two processes are Leading the field. They are the 

Tech-Air process developed by the Georgia Institute of Technology 

and offered by the Tech-Air Corporation, and the Enerco process
 

developed by Enerco, Inc. A list of current pyrolysis processes and
 

their development status is presented in Table A-VIII.
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Company 

TABLE A-VIII 
CURRENT STATUS OF PYROLYSIS SYSTEMS 

Reactor Primary 

Type Products 

Commercially 

Available 

Enerco Gravitating Fixed Bed LBG,CharOil Demonstration 

ERCO Fluid Bed LBG,ChR,Oil Demonstration 

Industrial Boiler Rotary Kiln LBG,Char Yes 

Nichols-Herreshoff Multiple-hearth LBG, Char Yes 

Occidental Research Moving packed bed LBG,Oil,Char Demonstration 

o Pyrotechnic Ind. Ltd. Moving packed bed LBG, Char Demonstration 

Tech-Air (Tatom) Gravitating Stirred Bed LBG,Char,Oil Demonstration 

Thermax Fluidized Bed Char,Oil Pilot 



Low-Btu Gas
 

The gas produced in a pyrolysis process containes a large
 

percentage of the moisture from the feedstock. Thus, it must be used
 

on-site while still at a high temperature to avoid condensation
 

problems. The gas typically has a heating value of 100 to 180
 

Btu/scf.
 

Pyrolytic Oil
 

The oils produced from the pyrolysis of wood waste have
 

different properties from those of petroleum oils (see Table A-IX).
 

In general, pyrolytic oil is a complex, highly oxygenated, viscous
 

organic fluid with a very low sulfur content and about 75 percent of
 

the heating value of residual oil on a volumetric basis.
 

Present research indicates that this oil is suitable as a fuel
 

but not as a chemical-feedstock. The main reason is that it degrades
 

when heated to high temperatures. In general, pyrolytic oil burns
 

well by itself and in combination with #6 oil. Further, no major
 

changes in burner configuration are required before switching from
 

residual to pyrolytic oil and vice versa. The only problem
 

encountered, in recent applications, has been the periodic buildup of
 

solids inside the burner causing a deterioration in the fuel spray­

pattern. Additional problems include the high corrosivity of the
 

oils. This requires special handling and storage systems such as
 

stainless steel pipe, pumps and tanks. A potential advantage of
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TABLE A-IX 

CHARACTERISTICS OF PYROLYTIC OIL AND RESIDUAL OIL 

Typical 

No. 6 Oil 

Fuel Properties 

Chemical analysis 

Carbon, % 85.7 
Hydrogen, % 10.5 
Nitrogen, % 
Oxygen, % 2.0 
Sulfur, % 1.5 
Chlorine, % -
Ash, % 0.3 
Moisture, % -

Heating Value, Btu/lb 18,200 
Heating value, Btu/gal 148,840 
Specific Gravity 0.98 
Pour point, F 75 
Flash Point, F 150 
Viscosity, SUS at 190F 160 
Pumping Temperature, F 115 
Atomization Temperature, F 220 

Source: KVB Inc. iTotal for nitrogen and oxygen 

difference 3Units are SFB at 122F
 

Pyrolytic oil 

from bark
 

52.57
 
6.67
 
0.32
 

30.062
 
0.04
 
0.02
 
0.74
 
9.58
 

9341
 

1.26
 
75
 

230
 
9403
 
-


2Determined by
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pyrolytic oils is their low sulfur content resulting in environmental
 

benefits.
 

Charcoal
 

Charcoal from the pyrolysis process generally has a heating
 

value of approximately 12,500 Btu/lb. The charcoal can 
be used both
 

as a solid fuel or for activation processes. In the U.S., charcoal
 

from pyrolysis processes is briquetted and used as a fuel for back­

yard barbeques. Charcoal can be substituted for wood or coal. Its
 

main advantage over wood is that it is more economical to transport
 

and handle due to 
its higher Btu content per unit weight. Charcoal
 

cannot be used directly in existing oil or gas combustion systems
 

without major modifications to the system. Present research is
 

concentrating on the potential for charcoal-oil mixtures (COM)
 

similar to those of coal-oil mixtures. The low ash and sulfur
 

content of charcoal makes this an attractive application.
 

A-4 CHARCOAL-OIL MIXTURES
 

The coal-oil mixture zoncept is a developing technology designed
 

to 
conserve scarce oil and gas supplies by replacing up to 50 percent
 

of fuel oil by weight with pulverized coal and burning it in units
 

formerly using oil or gas.
 

The same concept can be applied to the use of charcoal-oil
 

mixtures. The use of charcoal in place of coal 
was experimentally
 

tried at DOE's Pittsburgh Exergy Technology Center (PETC) in 1977.
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It involved preparing low-volatile wood charcoal and Pittsburgh-seam
 

coal mixes, slurries of wood charcoal and pyrolytic wood oil with
 

additional #6 fuel oil, and the combustion of a high-volatile wood
 

char burned alone. The combustion equipment was a 100 HP liquid­

fueled firetube boiler equipped with an air-atomized oil gun.
 

Combustion tests were 8 hours in duration. 
The general conclusion
 

reached was that the prepared fuels burned readily. 
A brief
 

discussion of coal-oil mixtur, technologies is presented below. The
 

discussion can be generalized to include charcoal-oil mixture
 

technologies.
 

The coal-oil mixture technology basically involves two major
 

processes: preparation of the coal-oil mixture and then its
 

combustion in existing combustors. The coal-oil mixture preparation
 

process (see Figure A-6) takes place at low temperature (65*-95*C)
 

and atmospheric pressure, and involves the following mechanical
 

operations: pulverization of the coal, mixing the coal and oil
 

(with/without additives), and storage of the resulting mixture. 
In
 

general, the coal-oil mixture preparation plant can be considered to
 

operate as a centralized preparation and distribution facility.
 

A uniform mixture is essential for good flame stability and also
 

to keep the coal from settling out in tanks and lines. In standard
 

dry grinding the object is to obtain coal particle sizes passing 80
 

percent through 200 mesh (74 microns). Finer coal particle sizes are
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the burner assembly is of some concern since it cold lead to 
flame
 

instability, incomplete combustion and dangerous furnace conditions.
 

To prevent potential burner nozzle erosion special materials should
 

be considered.
 

Erosion/corrosion in the superheated section and convective
 

enclosure of the boiler is also a potential problem. The effect of
 

the erosion can be expected to occur in oil- and, certainly, in
 

gas-designed boilers since the original transfer tube spacings were
 

selected based on flue gas velocities much higher than the
 

coi respunding coal-oil mixture flue gas values. Boiler derating will 

depend on the original boiler design. 
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APPENDIX B 

LIST OF EQUIPMENT SUPPLIERS 
CONTACTED FOR PURPOSES OF THIS STUDY 

COMPANY/ADDRESS EQUIPMENT 

American Fyr-Feeder Engineers Wood-Firea Boiler 
1265 Rand Road 
Des Plaines, IL 60016 
312-298-0044 

American Pulverizer Co. Hogs and Shredders 
1249 Mackling Ave. 
St. Louis, MO 63110 
314-781-6100 

Applied Engineering, Co. Wood-Fired Boiler 
1525 Charleston Highway Wood Gasifiers 
Orangeburg, SC 29115 
803-534--2424 

Biomass Corp. Wood Gasifier 
1340 Colusa Hwy.
 
Yuba City, CA 95991
 
916-674-7230
 

Bio-Solar 
 Wood Gasifier System
 
1600 Valley River Drive
 
Eugene, OR 97401
 
503-686-0765
 

Burnham Corp. Wood-Fired Boiler Systems
 
P.O. Box 27
 
Lancaster, PA
 
717-397-4701
 

Cleaver Brooks 
 Charcoal Gasifier
 
Division of Aqua-Chem, Inc.
 
P.O. Box 421
 
Milwaukee, WI 53201
 
414-961-2791
 

Combustion Service and Equipment, Co. Wood-Fired Boiler Systems
 
2016 Babcock Blvd.
 
Pittsburg, PA 15209
 
412-821-8900
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COMPANY /ADDRESS 


Detroit Stoker Co. 

1510 E. First St. 

Monroe, MI 48161 

313-241-9500
 

Fuel Efficiency, Inc. 

131 Stuart Ave.
 
Newark, NY 14513
 
315-331-3272
 

Houston Blow Pipe 

P.O. Box ]6112
 
Houston, TX 77001
 
713-675-2273
 

Industrial Boiler Company, Inc. 

P.O. Box 936 

Thomasville, GA 31792
 
912-226-3024
 

Jeffrey Manufacturing 

1905 Hughenot Rd.
 
Richmond, VA 23235
 
804-320-5065
 

KVB 

246 North Central Ave.
 
Hartsdale, NY 10530
 
914-949-6200
 

Peabody Gordon-Piatt, Inc. 

P.O. Box 650 

Winfield, KS 67156
 
316-221-4770
 

Pullman Swindell 

441 Smithfield St. 

Pittsburgh, PA 15222
 
412-562-7000
 

Ray Burner Co. 

1303 San Jose Ave.
 
San Francisco, CA 94112
 
415-333-5800
 

EQUIPMENT
 

Solid-Fuel Burning Stokers
 
Shredders
 
Solid Handling Systems
 

Automatic Tube Soot Cleaners
 

Pneumatic Conveyors
 

Solid-, Liquid- and Gas-fired
 
Boiler Systems
 

Hogs and Shredders
 

Soot Blowers
 

Suspension Wood Burners
 
Heat Recovery Equipment
 

Solids Fuel Preparation and
 
Combustion Systems
 

Mu!tifuel Boiler Systems
 

B-3
 



COMPANY/ADDRESS EQUIPMENT 

RECO Tanks 
P.O. Box 25189 
Richmond, VA 23260 
804-644-2611 

Rettew Automation, Inc. Wood and Charcoal Burning 
Box 65, N. Sheridan Rd. Furnace Systems 
Newmanstown, PA 17073 
215-589-2024 

Robbins & Myers, Inc. Pumps 
728 Belair Rd. 
Belair, MD 21014 
301-879-9566 

Tate Engineering #6 Oil-Fired Boiler Systems 
601. West West Street 
Baltimore, MD 21230 
301-539-0787 

The Allen-Sherman-Hoff Co. Ash Handling Systems 
One Country View Road 
Malvern, PA 19355 
215-647-9900 

The Bethlemen Corp. Multifuel Boiler Systems 
25th & Lennox Street 
Easton, PA 18042 
215-258-7111 

The International Boiler Works, Co. Solid-, Liquid- and Gas-fired 
P.O. Box 498 Boiler Systems 
E. Stroudsburg, PA 18301 
717-421-5100 

Tuthill Corporation Pumps 
12500 S. Pulaski Road 
Chicago, IL 60658 
312-389-2500 

Wellons, Inc. Wood-Fired Boiler Systems 
P.O. Box 381 Wood Posi-Flo Storage Bins 
Sherwood, OR 97140 Wood Heating Systems 
503-625-6131 Wood Conveyor Handling 
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COMPANY/ADDRESS EQUIPMENT 

Wood Equiprent Co. Turbine Agitators
 
P.O. Box 9140 Pumps
 
Richmond, VA 23227
 
804-746-1401
 

Zurn Industries Wood-Fired Boiler Systems
 
1422 East Ave.
 
Erie, PA 16503
 
814-452-6421
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APPENDIX C
 

AVERAGE QUOTES OBTAINED OF TYPICAL MAJOR
 
EQUIPMENT COSTS (in $US)*
 

ITEM DESCRIPTION SIZE 
APPROX. 
COST COMMENTS 

I Wood Gasifier System 25MMBtu/hr 400,00Ci Complete from wood pile to 

LBG (dirty) burner (included) 

2 Wood Gasifier 6 MMBtu/hr 165,000 Wood chips w/max. 25% mois­

ture content required. 

Reactor w/fuel metering only. 

3 Wood Gasifier 2.5MMBtu/hr 126,000 same 

4 Wood-Fired Boiler** 250hp 150,000 W/crude feed system 

5A Wood-Fired Boiler 300hp 165,000 Does not include conveying 

of wood to stoker 

5B Charcoal-Fired Boiler 

6 Wood Handling System iTN/hr 
 50,000 Includes storage bin,
 

conveyors and day hopper
 

7A Wood logger lTN/hr 
 15,000
 

7B Wood Storage Bin 7,000 cu ft. 
 47,000 Includes conveyors
 

8 
 Ash Removal System O.ITN/day 9,000 Screw dump type
 

9 Sootblower 250hp 
 8,000 Timed puff of compressed air
 
(160Tubes)
 

IOA Wood Chip Dryer lOMMBtu/hr 150,000 

lOB Wood Chip Dryer 2.SMMBtu/hr 40,000 

11 Producer Gas Burner 6MMBtu/hr 1,500 

12 Wood Hog Air Furnace 4MMBtu/hr 50,000 Does not include conveyors
 

or stack.
 

*Estimates 
are for delivery in the continental U.S.
 
**All 
boilers listed here are low pressure (less than 50 psig).
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APPROX. 
ITEM DESCRIPTION SIZE COST COMMENTS 

13 Feed System (for 12) 4KM tu/hr 9,000 Includes 24cu. yard bin and 
conveyor. 

14 Ash Removal (for 12) 4M±!%tu/hr 9,500 

15 Hot Air Charcoal Furnace 3MMBtu/hr 30,000 Does not include conveyors 
or stack. 

16 Feed System (for 15) 3MMBtu/hr 8,500 Includes 24cu. yard bin and 
conveyor. 

17 #6 Oil Fired-Boiler System 250hp 40,000 

18 Fuel Feed System (for 17) 250hp 8,000 Pump heats set. 

19 Storage Tank (for 17) 25,000 gals. 7,000 

20 1/6Oil Fired-Boiler System 125hp 24,500 

21 Pump 0.5GPM 25,00 Stainless steel for pyroly­
tic oil. 

22 Pump lGPM 1,500 For COM slurry feed. 

23 Pump 60GPH 5,000 For COM slurry unloading. 

24 COM Storage Tank 30,000 gals. 22,000 W/mixer and heater 

25 Oil Storage Tank 10,000 gals. 4,000 

26 Oil Storage Tank 25,000 gals. 8,500 
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APPENDIX D 

SUPPLIERS AND MANUFACTURERS OF WOOD 
FUEL PREPARATION, HANDLING, AND STORAGE SYSTEMS 

Agnew Environmental Products Co. 
 Diversified Fuels
P.O. Box 1168, Grants Pass, OR 97526 
 975 Oak St., Eugene, OR 97401

Phone: (503) 479-3396 
 Phone: (503) 484-0371
Products supplied: Briquettor for 
 Product Supplied: Pelletized fuel
densification of dry fibrous waste to 
 from wood residue.
 
provide industrial fuel or fireplace logs.
 

Diversified Fuel of Americas Inc.
Atlas Systems Corporation 
 P.O. Box 10247, Eugene, OR 97401
P.O. Box 11496, Spokane, WA 99211 
 Phone: (503) 484-0371
Phone: (509) 535-7775 
 Product Supplied: Equipment for the
Products Supplied: Shredded wood residue 
 manufacture of pelletized wood fuel.
 
storage aides and automatic discharge

system. 
 FMC Corp. MHS Division
 

3400 Walnut Street
Bigelow Machinery, Inc. 
 Codaz, PA 18915
407 N. Columbia Blvd. Portland, OR 
92717 Phone: (215) 822-0581
Phone: (503) 289-7319 
 Product Supplied: Fuel handling syztems.

Products Supplied: Bark and wood hogs.
 

California Pellet Mill Co. Gebr. Weisq Boiler Co.
6343 Frohnhauset,!Dlilldreis, 
W. Germany
 
1114 F. Wabash Ave. 
 Phone: 02771-5066 (TELEX 373213)
Crawfordville, IN 47933 
 Product Supplied: Fuel storage, silos,
Phone: (317) 362-2600 
 outfeed devices.
 
c/o R. 0. MacDaniel
 
Product Supplied: Pelletizer Equipment 
 Goodman Equipment Corp.
 

CEA Carter Day Company 4834 South Halated St., Chicago, IL 60609
Product Supplied: Double Anvil wood
500-73rd Ave., NE, Minneapolis, MN 
 55430 hog and chipmills.
 
Phone: (612) 571-1000
 
Product Supplied: Bulk Storage and 
 Gruendler Crusher & Pulverizer Co.material handling equipment for 
 2915 N. Market St., St. Louise, MO 63106
wood residue. Phone: (314) 531-1220
 

Product Supplied: Grinders, Crushers,
Clarke's Sheet Metal, Inc. 
 and shredders.
 
Box 2428 Eugene, OR 97402
 
Phone: (505) 343-3395 
 Guaranty Fuels,

Product Supplied: Storage and handling 

Inc.
 
P.O. Box 748, 1120 East Main
systems for wood chips and dust. 
 Independence, KS 67301
 

Consolidated Baling Machine Company Phone: (316) 331-0027
Product Supplied: Wood Fuel Pellets
 
155 D 7th St., Brooklyn, NY 11215
 
Phone: (212) 625-0929 
 Guaranty Performance Co., Inc.
Product Supplied: Baling presses for 
 P.O. Box 748, 1120 E. Main

wood residue. 
 Independence, KS 67301
 

CornellMg. Inc. Phone: (316) 331-0020
Product Supplied: Rotary dryers and
LacPyville, PA 18623 
 related fuel handling equipment.
 
Phone: (717) 869-1227
 
Product Supplied: Wood Waste handling
 
equipment, wood splitters, and hydraulic
 
alab saws.
 



Harvey Eng. & Mfg. Corp. 

Rt. 2, Box 478, Hot Springs, AR 71901 

Phone: (501) 262-1010 

Product Supplied: Fuel storage, 

handling, and preparation systems. 


Harris Prers Co., Subsidiary of 

American Hoise 

Cordole, GA31015 

Phone: (912) 273-5646 

Product Supplied: High pressure baling 

press for wood and bark residue, 


Heil Co., The 

3000 W. Montana, Milwaukee, WI 53201 

Phone: (414) 647-3101
 
Product Supplied: Dehydration equipment for 

predrying of wood-bark-sawdust-sludges, etc. 

used for waste heat utilization. 


Hydrocyclonics Corporation 

800 Skokio Highway, Lake Bluff, IL 60044
 
Phone: (312) 473-3700 

Product Supplied: Rotostralier screen 

to remove wood chips, bark and coarse 

sawdust from wood mill and Dapet and pulp 

mill effluent. 


Industrial burner 

24 W. Third Ave., Spokane, WA 99204
 
Phone: (509) 747-7965 

Product Supplied: Fuel preparation 

and handling systems. 


Jacksonville Blow Pipe Co. 

(Div. of Montgomery Industries Int'l.)
 
P.O. Box 3687 

Jacksonville, FL 32206 

Phone: (904) 355-5671 

Product Supplied: Wood and bark hogs 

for reducing wood residues and bark for 

use as boiler fuel. Peneumatic
 
conveying systems for handling pulverized, 

dry or semi-dry wood scrap or pulverized 

bark. 


Mardee, Inc. 

3129 E. Washington Ave., Madison, WI 53704
 
Phone: (608) 244-3331
 
Product Supplied: Fuel preparation,
 
handling, and storage systems.
 

aachinenfabrik A. Lambion
 
D-3548 Arolsen-Wetterburg, W. Germany
 
Phone: 05691/611
 
Product Supplied: Fuel feeding and
 
handling equipment.
 

Maren Engineering Corp.
 
111 W. Taft Drive
 
S. Holland, L. 60473
 
Phone: (312) 333-6250
 
Product Supplied: Baling press for
 
wood shavings and sawdust. Bale so
 
formed can then be fed directly into
 
the fire box of the user's boiler or
 
stored in stacks without pelletizing.
 

McBurney Corporation, The
 
P.O. Box 47848, Atlanta, GA 30340
 
Phone: (404) 448-8144
 

Product Supplied: Fuel Preparation

and handling systems.
 

M-E-C Company
 
Box 330, Neodesha, KS 66757
 
Phone: (316) 325-2673
 
Products Supplied: Rotary Drum
 
dryers, flash tube dryers, and solid
 
fuel preparation, systems (wood
 
residue).
 

Mill Supply Co.
 
Box 3748, Missoula, MT 59801
 
Product Supplied: System for feeding
 
bark and sawdust to a boiler.
 
Phone: (406) 543-7197
 

Miller Hofft, Inc.
 
P.O. Box 8560, Richmond, VA 23226
 
Phone: (703) 288-1937
 
Product Supplied: Storage and feeding
 
equipment for bark and wood residues.
 

Morbark Industries, Inc.
 
P.O. Box 1000, Winn, MI 48896
 
Phone: (517) 866-2381
 
Product Supplied: Fuel harvesting
 
machinery and systems for various sites.
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Nicholson Manufacturing Co. 

3670 E. Marginal Way South 

Seattle, WA 98134 

Phone: (206) 682-2752 

Product Supplied: Barkers and 

chippers, log loaders, cutoff saws, 

trims, and rechippers.
 

Peabody Cordon-Piatt, Inc. 

P.O. Box 650, Winfield, KS 67156 

Phone: (316) 221-4770 

Product Supplied: iuel matering bins. 


PAPAKUBE Corporation (Gordon Johnson, VP)
 
931 East Harbor Dtive 

San Diego, California 92101 

Product Supplied: Pelletizer equipment. 


Rader Pneunatics, Inc. 
P.O. Box 20128 Portlant, OR 97220 

Phone: (503) 255-5330
 
Product Supplied: Peneumatic handling 

and conveying equipment. 


Royer Foundary and Machine Co. 

158 Pringle St., Kingston, PA 18704 

Phone: (717) 287-9624
 
Product S ,plied: Portable chippers. 


Salem Hammermill Co. 

2601 Industrial Drive., Box 148 

Salem, VA 24153 

Phone: (703) 389-8696
 
Product Supplied: wood and bark grinders, 

air conveyors, screw and elevating 

equipment, drumps and hoists. 


Schutte Pulverizer Co., Inc. 

61 Depot Si., Buffalo, NY 14240 

Phone: (716) 855-1555
 
Product Supplied: Industrial hammer
 
mills.
 

Sprout-Waldron, Div. of Koppers Inc.
 
130 Logan St., MUncy, PA 17756
 
Phone: (717) 546-8211
 
Product Supplied: Wood waste storage
 
structures and equipment for size
 
classification, size reduction and materials
 
handling.
 
Product Supplied: Pelletizer.
 

Stearns-Roger Inc.
 
700 South Ash Street, Box 5888
 
Denver, Colorado 80217
 
Phone: (303) 758-1122
 
Product Supplied: Rotary fuel dryers
 
for hogged wood fuel ard Lagasse.
 

Steelcraft Corp.
 
Box 12408, Memphis, TN 38112
 
Phone: (901) 452-5200
 
Product Supplied: High and low pressure
 
pnuemaLic material conveying systems,
 
filter collectors, and storage bins.
 

Union Heating, Inc.
 
724 Walnut (P.O. Box 308)
 
Edmonds, WA 98020
 
Phone: (206) 775-4588
 
Product Supplied: Automatic fuel
 
feeders for Dutch-ovem fired boilers.
 

Wellens, Inc. 
P.O. Box 381 Sherwood, OR 97140
 
Phone: (503) 625-6131
 
Product Supplied: Wood fuel storage
 
bins and wood fuel conveyor handling.
 

Williams Patent Crusher Co.
 
2701 N. Broadway, St. Louis, MO 63102
 
Phone: (314) 621-3348
 
Product Supplied: Size reduction
 
equipment and fuel drying equipment.
 

Woodex, Inc.
 
Rt. 01, Box 33
 
Brownv!lle, OR 97327
 
Phone: (503) 466-5181
 
Product Supplied: Pelletized industrial
 
fuel and gas generators.
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APPENDIX E: EQUATION FOR NET PRESENT "'IEANALYSIS
 

Detailed discussions of net present value (NPV) analyses can be
 

found in standard financial textbooks (References 1 and 2). The
 

equation presented in this appendix was developed to evaluate the
 

NPV of savings in expenditures of alternative fuel options to presently
 

existing fuel systems. It permits incorporating varying inflation
 

rates for wood-derived and petroleum fuels. In addition, separate
 

inflation rates for labor, maintenance and utility costs can also be
 

specified. 
A computer program to facilitate calculating this NPV
 

was developed for this study. 
 The FORTRAN program is presented in
 

Appendix F. The symbols utilized in the NPV equation correspond to
 

that used in the FORTRAN program.
 

The equation used to determine the NPV can be wzitten as:
 

n 
(1) AANPV (!*,n) =, (SAD x PWFI*) + (ACB AA x PWF ) A-- ATICI 

t=l t n n o 

Where: 

NPVA (!*,n) 	 the net present value of option A for
 
a given rate, !*, and an analysis period,
 
n.
 

SADA 
 the net savings in annual disbursements
 
in year t of option A over that of the
base option.
 

PWF' 	 the present worth factor for a given

t 
 discount rate, !*, in year t.
 

ACBA the additional balance of option A over
 
n 
 that of the base option 	for equipment,
 

income from land sales and a recovery of
 
working capital at the end of the analysis
 
period, n.
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ATICIA the additional initial capital 

0 investment of option A over that 

required for the base option.
 

= TADtB TADtA(2) SADt 


Where:
 

TADt 
 total annual disbursements for fuel,
 

labor, maintenance and utilities in
 

either the base option (TADB) or
 

the alternative option 
(TADA).
 

(3) TADB TAOEB [PFCB x + )t +oLB x (l + f )t + 
(3At =TOt 0 1+fBt 0n OL
 

UTB x (1 + fU)t + MAB X (i + fM)t]
0 UT 0Ox( MAJ
 

A 
 = TAOEA + CIT
A 

(4) TAD


(5) TAOE~A [PFCA x (1+fAt+ OLA x o~ + UT~Bx (1 + f T~
 

)0 x(+fMA+ MAA (1+ f)]
 

-
(6) CITA = [(TAoEB + DEpB) (TA O EA + DEPA) x TR] 

Where:
 

total annual operating expenditures for
TAOEt 


fuel, labor, maintenance and utilities
 

in either the base option (TAOEB) or 

the alternative option (TAOEA).
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CITA 
 the net change in income taxes from the
base option as a result of the expenditures
 
in the alternative option.
 

PFC0 
 the initial annual primary fuel costs in
 
either the base option (PFcB) or the
 

alternative option (PFCA). 

OL00	 the initial annual operating labor costs.
 

UT0 	 the initial annual utility costs.
0
 

MA0
0	 the initial annual maintenance costs.
 

DEP t 
 the annual allowable depreciations in
 
year t.
 

TR 	 the effective corporate income tax rate.
 

fFB 	 the average inflation rate for the cost
 
of the base option fuel.
 

fFA 	 the average inflation rate for the cost
 
of the alternative fuel.
 

fOL 	 the average inflation rate for the annual
 
operating labor costs 
(wage inflation
 
rate).
 

fUT 	 the average inflation rate for the annual

utility costs (electricity costs,
 
inflation rate).
 

fMA 	 the average inflation rate for the annual
 
maintenance costs.
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F [IF : NPV TFXT A CONVFASATIOINAI M4ONITOR SYSTE'4 

r START OF NPV PROGRAM
 

r THIS PRTIGRAM IS WRITTFN FOR A FOlRTRAN r. COmPLIFP 
C*****O IMFNS Ifl' STATFMFNTS NP~onoi
 

INTFGFR T NpVOOO1 0
 
RFAI HlPV,MAA,MAR, INSTAL,MAIPIT,IAnFA,IAnFn Npvnnn?0
 
nIMFNSION NPV( 10,?0,Snl NPVnDIIO~
 
11'MFNSION SIMPr.A(?nl,IArrFA('O),WKCAPA(?OlFnit;IPA(20l ,rI-4A(20), N"VO0
 

2AtPAnAIf') ,rFI rCA( ?n I nPFA (0 1,OrnI A(20 1, Ar1TCAf 701 AfA?0) Npvnoo~o 
flIMrNSlrN~ SIMPCtI101, IAnfloI ,worAPfE (01,FQ'iIPFI(lnl,FIIIRI (0), NPVn0070 

ISIIVPL 1) 10 1 GFINI R(1101 *FtIl (I I0nInTCl1 101 .Ant CP (On)HRJ miRIn)0, NovninqO 
2 At rOA( 10 ,FI1FIn( in) nFPFR( In) PrnilP( 101,AnTCn( 10) 011( In) NOvnnnqn 

0 1MFNS I N T If I A(?201 CnA(2n) nOFPA(,,nI ,PFrAfInI rit A(2n) 11T A(?7r) , NPVnlIOO 
I'4AA%(20(.NAI Tl?0I,AfFPAiOh)ATIC(IAl ?0P,ArnA(?01 PIPV0OnI I 
n IMfNS I fN TI(I R( 101 , C.RP ( 10 1 ,OFPR( 1 01,PFr(i 101 rflR I[)) ,I)TA (1) , Pnrvnfl?0 
1'4AR(I 01 ,NPASF (10),ADFPM (0)I NpvnnI 30 

n IMFNS InPI AI AUTS( .)ArA(1501 ,TR 1911 ,rnj 1501FI(,r n 1',0)ot IPV01 140 
IfrFr PI'lFPr AISnI,NSFNI 501 Prwr'0o)1511, ,FrOII (501 PnOVOnI Fi 
C.********...*.*.STAP I PvAnINC, INPIIT OT*****.**,**** 

F **$*.. s()A IN TIIF PHIPOFpP~ or rprP ATF S In F0r hF VALIIATFn 

1 F0An( ;T,I nn( 1 IF NPVOO1 hO 

nn m oo m= 1,AimUF P NPVOO1~ go 
F****OWpITF PFprPT fIFAnIN, 

WP IIF 16, 11101 ) Njlvno0 
(001 FOPMAT1?XP$%%%St$tS ANALYSIS (IF THF N.p.V. OF SAVI(MCS FR"-. ALTFRP4PV00)?l0 

INA1IVIF FlIF1t [ISF NPV007 
PFAD(5, 1001)Nvl)1 

1003 r(1R'AT(?X,' MPVnO?40 
I @I Npvnn?sn
WIQI TE (6S,10011 NPVr)0?60 

rC***'*RFAr) IN THr NIIMBFP OF BASF nPTIONS NJ AITCPNATIVF nPTTOnjS,12; ANO PvO??o 
rs*esF INANC (AL SCFNAPInS,N1. 

PFAD 15,1 n) NI , N2 ,N3 KIPVnr0?A0 
10 FOPMATI1191 Npvon?qo 

19 FORMATf(3x,15,1 PASF rA-r ,/3,1, AtTFPNA1'IVFS ',ftIX,15, NDVO010 
11 SCFNAPIOS',//) N0V00320 

r.....P FAO COST FST IMATF FCfP~******as;**ee*~.*s*.no-3 
PFAnlI S, I I) INSTAt ,FPCI N,r PNTIN ,mA INT ,WK. AP,ELFr.T,SIIWA Gr, rtWAGF ,PH NPV00341 

11 FOR'4ATIOF5.ol 

c INSTAL = INSTAL LAION CIIST fACTrP 
C PPNGIN - FNC'INFFP INC COST FACTnP 
c rflNT IN= C.ONTINGlFPNCY COST FAC.TOR 
C MA (NT zANNIIAd MAINTFNANCF COST FACTnP 
c WKCAP = A1NIJAl WORK INC CAPIT.aI. FAC'TOP 
r FLFCT =RASF YFAR FI1FCIPI(CITY 1(NIT COST 
r SUWACF= RASF YFAP SIIPFPVISORl WAGF PATF 


Npvnn3S~o 
NpVrOnl60 
NPVn0o17O 
Np"0fl)*R0 
NnVnnjq0 

NoVor1400 
IN K/KWH NDV00410n 

IN V/HR NPVnn420 
f CI WAGF= fkASF VFAP C9NFPAL I AnnR WACF DATF IN K/HP NDVO0410 
c nH-R = LAhOp nvFPHFAn PATF NPvn0440 

wPITF(6,1) INTAL,NIN,CONTIN,MA!NT,WKA,ELFCTS(JWAF,LWAF,HPN)VnO45 
12 FOPMATI3X,'TNS;TAL=' ,F5j.?,/,IX,'FNCIN =',F5.2,/,4r,'CONTINl-sF5.?,/NPV0460 

1,3X ''AINT =0 ,F5.2,/,3X, 'WKCAP =S ,.2,/.'X,'FLFCT z',F'5.2,/,%X, NPvnO41PO 
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SYSTFM
CONVERSATIONAL MONITOR
FIL: 	NPV TEXT A 


2?SUWAGF=IF9.?,/,3X, OGLWAGF='tFS.?,/t3X,'OHR =',F5.2,/I NPVO4RO
 

C*****RFAD IN DATA FOR BASE OPTIONS 
************************************NPVO49
 
NPVOO50O
O ?o 	I=I,NI 

NPVnOOIn


REArnIsI6|NPASFII),FOUIPBII,AnLCBIbFIHRII,,SIIVPLB(),r,ENLII), ?

NDVnO'i


IEI.IRI ITCBII),FUFtCB|I),DFPFB(I),PCNIIR(IHRINlB( I),AIOAnBII), 

NPVOnO0


2NBII) 

NPVnOO40


16 FORMAT[ I2,FR.0,7F6.O,2FS.O,F4.-,I?) 

NPVnn550


C 	 NRAS = IAST OPTION NUMBFR 


A In# AT FND IF VARIABLE NAME INDICATFS IPASF nPTION' 
 NmVOl96O
 
r 	 ' To p

" A 'A' AT FND OF 
VARIABLF NAME INDICATES 'ALTFRNATIVF PPTION' NnVO q


A ' AT FND NF VARTIR1F DFFINITIlN INDICATFS IT CAN BF FITHEP AN
 

C 'A' OR A ''
 
.
 

NPVOnsPO
 
C 	 FQUIP_ = INITIAL FQUIPMFNT COST 

NPVnflsqn
r 	 ADLC_ = ADDITIONAL LAND COSTS 
NPvnODn
 

C 	 FIH_ = FUFI INPUT IN TCNNF/HP 
F	 NPV61610
 

C 	 SUVP_ = SUP RVISORY LABOR IN M/HR 
NPVOn6?O
 

C 	 GENL_ = rNFRAL LABOR It! M/HR 

NPVnnA3o
IN KW 


I~nT NTHFRWISF A(CntNTfrD)i/HR. KtPVnOf4
C 	 FI_ = ELFCTRICITY PFUIRFMFNTS 

OTC = OTHER PPFRATING COSTSr 

NPVnO650
( 	 PrCOIL_ = PFPrFNTAGE OF FUFL INP,iT THaT IS IMpOnPTFI) PFTqnl rUM 
NnVOnnAh O 

C HPINO_ = nPFPATINr, HtuS IN A DAY 
r ALOAD_ = ANNUAL [ISE FACTOR lI.r.ANNIAL IPAr FAr.TIR) 	 NPVn0670 

NPVOO6AO 
r. 	 F'IFI C- = FIIFI C( STS IN IY/TONNF -/ 

3 q n
 
DFPF_ = PFPCFNTAGF nF CAPITAL INVFSTMFPIT OFPPFCIAALF/YR 	 NDVnn ,
C NPVO0700

20 CnNT INUF 	 * * * * * * * ** e * * *e N V O O T* * *	 * * * * = *
 D ID
$***** *
 
IN nATA FOP ALTFRNATIVF PTIN%
 

NpVn0720
 
C*****READ 


nn 30 J=I,N? 
PFAD(5,251'AI T(J),EnIIIPAfJ)tAnI CA( I),FIHAIJ),SIlVPIAIJ) ,6rNI AJ), A1PV 

O07T 30 

IF( IAJ)rlTCA(J),FUFI CA{.I),DEPrA(J),PCnt[.AIJ),HRINnA(JiALOAnA(J), 
NPVOn740 
NnVn0TSO


7NAIJ) 

NPVnO76O
I?)
25 FnPMAT( I?,FR.O,7rF6.O,?F.O,2F4., 
 PIPVOOTTO
 

in CONTINUF 
C*****RFAD IN nATA FNR FINANCIAL 

r NSFN = NUMBER OF FINANCIAL rCFNARIn 

C AINT = ANNUAL INTPFST PATE II.F. DISCOUNT RATr) 

C AYFAR = NUMBFR NF YFARS OVFR WHICH Tn CnNnIFCT ANALYSIS
 

C TP = CnPORATF TAX PATE
 

C Fi. = ANNUAL INFLATION RATE 01 WAGFS FOP 
 OPFRATIN, LAI3PR
 

C FlIT = ANP'UAL 
 INFLATION PATE OF CnST rF UTILITIES
 

C FMA =ANNUAL INFLATION RATF OF nSTS nr 4AINTFNANCF
 
, 


C 	 F0lL = ANNUAL INFLATION PATF Or CPST OF IMPnPTFr PETQOLEIJM 

PF .nST; OF wn FIIFLS
 c 	 FWonD = ANNUAL INFLATION RATF 
NPvnvoiqnon 40 	K=IN3 


(V),FIIT(KIFMAIK), NVOo

RFAD(5,35)NSENI(K),AINT(K),AYFAP(K) ,TRIK),FOI 


NPVnOO 	 Ir

IFrIL( K),FWFODIK) 


)PDVNO2O

35 FORMAT II?,FP.O, 7F6.O) 


NnVnnR3O
 
40 CONTINUF 


************* ********** OF RATA aFAD In*********************
 

OPINT R*HI********************
 
NfnVn)940
 

C**************BFGIN CALCtJLATImS AND 


DO l00 =I,Nl 

NPVnORSO


WRITF6,2!INBASEII) 

$ S	 $ BASF CASE Nn.',1,' $$$$$$$$,//)NDVOnnpl
21 rNfMAT2X,'1s$$s%SS$$
 PVDonPTN


C*****WRITF BASF CASE INPUTS 

NPVOORRO


WRITFI6,?2) 
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FIIF: NOV TFXT A 	 C0NVFRSAlynNAL mONITOR SYSTFM
 

?2 FaORMAT 1HO, 50H NIIASE FQI1IOR FIHA SUVPIR GENfiM, NPV00990 
1 60H FLR. OTCR AOiCr. HPINnD ALOADfl FUFICR, NPV00900
 
2 ?OH DFPFA OcOILI3) NPV0O910
 
WRITEI6,23)NnASE(IbIEOIIIPBIYIFIH9( lhSt'VPI.fi(HCENLRII)FLIfl(l , NPvnoqo9
 
inIcRI I),AOicRA( ),HP.INOBfIhALOAOrB(TIFUFLCR(I I,DFPFR(j),OCOlLRIII NpvOO')30 

23 r NPVOOQ4 0FORMAT(3X,18,ELO.0, 1IFIO.2,//I 

C******nEFINITION OF VARIABLES 
C SIHOC. SITE IMPROVEMFNT COSTS (ASSUwnr TO BE u1 O3(FAnt c- NoVnngO 
C TIC! _ TPOTAL INITIAL. CAPITAL INVFSTMFNT NPVDO0 
C DEP- = ANNIIAL ALLOWARLE DEPPECIATIONS NPV00qA0 
C. PFC = ANNUAl PRIMARY fLJFI COSTS 	 Npvnnqqo 
r. (11. ANNUAL OP, -RATIPIG 1,ABnR COSTS NPV01OOO 
IC UT- ANNUAL OPERATING U1TILITY COSTS NPV01010 
C MA- = ANNUAL ESTIMATED MAINTENANCE COSTS NPvntn?o 
c IAOE = INITIAL ANNUAL nPERATING rxPEImnITlfRFS NPV0103l 
C WKCAP- = INITIAL WO)QKIN', CAPtTIM RF-rUIPEO NDV0IO40 
C CB-. = SALVAGE VAtUE OF EQUIPMFNT ANr) L.AW NPVOI'190 
C*****CAICU~tLATr INITIAl YEAR ESTIMATES FOR BASF OlPTION 

SIP4PCR(! l=ADIlCHII)/3.0 	 NPV01060 
TICIB( I=( ((FQUIPPII)*l4INSTALII-SIMPICRfl Il*(.+ENGIN) Il+CriNTIN) NPV'uI0lO 

1) 	 NpvnonoO
 
DEPRI I =TIC IP(I)*DEPFR( I) Npvo1 0qo
 
PECI3II=rIHF(I*HPINDR(II*3460.0*ALOnAOB(ti*rlUFLCI(I) 4OVOIIOO
 
OLD!! )=((UVPLB(I)*SUIWAGF+GFNLri(II*GLWAGFl)*I1.0oHPlI)*HRINnoI(II NOVOI1lO
 

1*360 NPV01 120
 
UTRI ELIB(r)*HPINnR(II,*360.0*AtnAnB(II*FLEFCT NDV01lti
 
MAI3II)=TICIR( 11*MAINT, NPV01 140
 
AnTCB(ii-flTCRII)*HRINnB(11*360.*ALOAO)R(II NpvnL15o
 
IAnFB(I)=PFClIT)+OILB(I)tUTRII)+MAB~IlIIAnTCR(II NpvIlt6O
 
WKCAPB( I)=IAOFBIII*WKCAP NPV01170
 
C8B! I =WKCAP6( I +Afll.CB( I NPV01 LRO 

C*****WRITF RESUJLTS OF INITI YEAR COSTS FOR BASF ORTInN*************** 
WRITF(6,26) NPO1 qO 

26 E-rRMAT(1HO,50H ,STMPC8 TICIS nEPn PECS OLB, NPV01?00 
1 60H i118 V, -AR iAnFP WKCAPFI rRg AOTCB) Npvn1iOi 
WRITF(6,?4)SIMPCBIIITICIR(IIDFPB(I),DFFr(i),nLPiITO(I), NPVnl??n
 
IMAR(iI,IAnEI3(I),wxCAPi(TIICBBIII,AOITCR(II NPV01230
 

?4 FORMAT (?XtF8.2, IOFIO.21//) NOV01240
 
On 200 J=1,N? Np vn1250 
WRITE (6,3I)NAI T(J) NPVO 1260 
F1OCRMAT (2X,'$S$$$S$~ ALTFQNAT ivr#' i,1, t$$.',1 NPV01?7f0 

C*****WP ITF Al TFPNATIVr OPTIN IPlS******************IVI 
WRITE (6,32) %lPVol2RO 

32 FORMAT(1I0,50H NALT EOIJIPA ElNA SllVVOLA GFNjLA, NPVO13n0 
I 60H EL IA nTCA ADLCA HRNA AinAnA ELIFICA, NnVnhii 
2 20H nFPFA PCOLIA) NJPVO 1320 
WRITE*(6,31INALT(J),rEOIJIPA(J),FIIA(jI,SIJVPLA(J),CENLA(J),FI IAIJI , NPV01330 

1OTCA(I) ,AOLCA(J),HiRINnA(I),ALOAOA(J 1,FUELICA(1) ,nFPrAIJI,PCOILAIJ) NpVnl34n
 
33 FOR'4AT12X,IR,FlO.0, 11F10.2,//) NOV01 350
 

C******CALCIILATF INITIAL YFAR ESTIMATES rnq THE ALTERNATIVE OPTION******NPV)1360 
SI4PCA(JI=ADIrA(J)/1.0 Npvnt47O 
TICIA(JI=((I FQUIPA(J)*(1I#NSTALl.-SImPCAlJl)*( I#FNGINUS*(I+CONTINI 'iPVn14RO 
If NPV014qO 
DEFPA(J)=TICIA(J)*OEPFA(J) Npvni 900 
rOFCA(J)=FIHAA(,)*tiRINrlA(J)*360.0*ALnAnA( J)*FtrLCAIJ) Npv) 1910 
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FILE: NPV TEXT A 
 cflNVFRSATIONAL MONITOR SYSTF4
 

OLA IJ I=( ISUVPL A(JI*SUWAGFGFNLA(J) *LWAGF) 0 11.O.OHR I I *HR IN0(JI .'OVO1520
1*360 
 .1V0153l

UTA(J =FL IA(Ji )*HR INA(J1*360. O*ALnADA( JI*PFCT NPVllq40
MAA(J)=TirIA(JI*MAINT N~l~

AOTCA( jI=nTC.AIJ)*HRINDA(JI*360.*ALOADA(JI 
 NPVnI56n
 
IADEAI JkPFC.A(jI*OIAIJI.UTAIJI ."AA( JI 
 AnTCA( JI NPVII'5TO
 
WKrAPA IJ)= IAOFA( J)*WKrAP 
 NDVO1 SAO
 
CIIA(J)=WKCAPA(JI*AntCAIJI 
 4p'Vniso


Ct****WPITF RESUI TS OlF INITIAL 
YEAR COISTS, FOR THE ALTERWTVVF OPTIONJS***
 
WR IIF (6,36 I 
 NPV01600


36 FORMAT11i00,SOH S!I4PCA TICIA I3EPA 
 PFCA OLA, NOV01610
 
I 60H UTA 
 4AA IAnFA UKCAPA CSA AETTCA) klPvfll62O
 
WRITF(6,34ISIMPCA(JI,VICITA(J),O)FPA(J),,FCA(JI 
,OI AIJ ,'TA(jl, NnV01610
 
IMAA(J),TAnFA(J),WKCAPA(JI ,CBA(JI,AO)TCA(J) 
 NOV01640


34 FOPMAT(2X,F).2, IOFIO.2,//) 
 NPVO 1650

nnl300 K=t,N3 


Nrvfl66~f0
 
WP ITF(6,43)NSFNIK) 
 NPV01670
 

41 FnMT2~%$S~S~lSS 
 SCFNARTO NO.0,T3,0 $th,/~~IR

WRITFF(6,4,1 
 NflV01I60


41 FnRMAT(IHO,40H I# N TR 
 Fnt, NI'VnI700

I 40H FUT F'4A 
 F011 Fwnflfl 
 NPVOt7ln
 
WRITr(6,42IATNTIK),AYFAR,(vI 
TR(KIgrlL(KI,FIIrKI 
F'4A(KI ,rnrl (K), NPV1177G
 

lFwflflf(K 

NPVOt730
 

42 FnIR&AT( IX,SFIO.3,//) N~l4
 

C*********s******sNPV OF SAVIN.S 
(N FXPFNDITtIvFS*****O*..**.....*.
 

c NYFAR = NUMBER OF YEARS OF CASH FLOW ANALYSIS 
C PWF =PRESFNT WORTH FACTOR IN YFAR K 
C FPFC- = INFLATED PP1'4APY FUEL COSTS IN YFAR K 
C TADF- = TOTAL ANNUAL nPFRATIN, FXPCNr3ITUJRF IN YFAk K r ADFP_ = ANNUTAL ALLOW ABLF FPQ FC IAT ION TN YFAO K 
C CITA = CHANGE IN TAXES OF THF Al tFPNATIVE Vl THE BASF nPT IrN 
r TAO_ = TOTAL ANNUAL fISRURSF4FNTS IN YEAR K 
C S DA = SAVINGS IN ANNUAL nlSR'l~sFMFNfSO THE ALT(-RNATIVF flVER 
C THE BASF OPTION
 
c SUM THE CIIMULAT TVF HIPV OF SAnA
 
c ATICIA = DIFFERENCE IN THE CAPITAL INVFSTMFNT rir THE ALTFrNATIVE 
C TO THE BASE OPTIONA
 
c ArRA = nIFFFPENCE IN THF FNn DF DFQ InD CAS-4 BALANCFS OF THE 
c ALTERNATTVE 
TO THF BASE OPTION
 

NYFAP=AYFAP (KI 
 NPvnl750
 
SUM=n.0 


NPVO 1760
 
nn 400 T=1,NYFAR 
 NPVO I 00

PWF=1.O/(1.0+AINTIKII*.T 
 NPVOIRlO
 
FOFC.RIKI=DCOILRI II*F01LIKI+(1-PCoII f(II'*FwnOD(KI 
 NPVOIA.O
 
TAnFR=PFCR(11*(1.O+FrPFCRIK) I**T*OLR(II*(I.OFnLIKI I**T+ 
 NPV01810
 
1UTB(II*(1.0+FtIT(K)I**TIMAB(IPAOTCR(II)*(I .nFlMAIK) I**T 
 NPV014140

FPFCA(KI=PCOnII AIj)*FOTL(KI.( .PcnTLAIJI I*FwnnO(KI 
 jpIPOTR

TAOEA=PFCA(JI*(I.0.FPFCA(KJ I**T+OI A(JI*(1.0.FOL(KI)*.T, 
 NPvnIR6o
 
IITA(J)*I1.O+EIT(Kf**T+(MAAIJI+AnTCA(JII*(I0..EMA(K 
3**T hn"Vnin7o
 
IF(T-Ng(II)321,321,322 
 NPVOI'I'I


32 1 AnEDRIII=DEPBfI, NPVO1R00

GO TO 323 
 NOVOIRBO


322 AO)EPBUI1=0.oo 
 KipVoi Rio
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FIIF: NPV TEXT A 	 CL'NVERSATTC1NAL MONITOR SYSTEM
 

323 IF(T-NA(JI (331,331,332 NPV0I9ZO
 
331 AnFPA(J)-OEPAIJ) NPVOl93O
 

GO TO 333 
 NPV01940
 
332 ADEPA(J(=O.0O NPV0I95O
 
333 CITA=((TA0EB+ADFPP(T)-(TAOEA+AnEPAiU.)TRU(K 
 NPV01q60


TAOA=TAOFA+C ITA 
 NPV9)1070

TAflB=TAnFB NPV0( 9AI
 
SAnA=TADS-Taflh 
 NPV0l190
 
SJM StJI~A0fA*PWF NPvn2000 

c WRITE (6,3()9) TTAOFR,TAnFA,CiTA,TAnA,SArA,I(M,ADFPA(J(,AO)EPBIII NPVnr)10
C 39n FORMATHIX,15,87I?.4) NPV02020
 

400 	CnNTINUF 
 NPvn?nio
 
ATIC'IA(J(=(TICIA(J)-TICIB(1 II'-AnLCA(JI-AOLCRtiI)) 	 NPVn?040
 
ACBAfJ)=CFAA(J)-CBR(I3 
 Npvn20OO

NPV(!,J.K)=-ATICTArJIStJu+ACRA(.PWF 
 NPVO2(OAO

WPITF(6,401)NPV(f,J,IK(,5UM,PWF 
 NPV02O7O 

4)1 FnRh4AT(/f.3X,$ NPV=S,F15.6,4X, 'SIM=*,FI5.6,4X,OPWF=' ,FI0.5,/1 NPV020OO 
300 (ONTI'41J NflVn?n90 
200 	 CEINT I NIJ NPV02 100 
130 	 CrNTINUF NPvO2I 10


f*****wp ITF PFSiJLTS OF THE NPV ANALY'I*.**********..**..
 
902 	FOPkIAT12X,' B.C. NO. ALT. NO. SCFN. NC. N.P.V. O'FSAVTNGS',/)NPVo212o 

00, 500 h=I,NI Nfln 30 
wP ITF (6,5,02) NPVO02140
 
00 600 J=I,N? NPV02150
 
nn 700 K=1,N3 NPVO2 160 
WPITF (6,50 I NPAF ( I ),NALTIJ(,NSFN(k IjNf'V( 19J,K) NPVO?170 

901i F(lPMAT( 2X,lfloq0FIS.6) NPVO?14'0 
700 cONTINUF NPVn?lqo 
6,10 rONT (NSIF NDVO22on 
g00 CONTINUE NPV02710
 

l000 CONTINUE NPVn2?20 
ST Oi NPV02230
 
FNO NPV02240 

r 	 FNn OF NDV PPnPPPM 
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SAMPLE INPUT DATA SET 

FILF: NPVC! INPUT A CONVFRSATItNAt MnNITOR SYSTrM 

CASF STUDY CO: 4.OMM BTU/HP HnT AIR FURNACF:BASF CASF
 
1 9; 3
 

.20 .20 .10 .15 .10 .05 2.50 1.00 .30
 
1 14300. 0.000 .0762 0.250 
1.000 3.000 0.000 110.0 .075 1.00 16..85 13
 
1 ?3500. 0.000 .1017 0.333 .O00 5.000 0.000 137.0 .075 .231 16..RS 13
 
2 23500. 0.000 .0093 0.333 1.n00 5.000 O.o0 107.3 .075 .245 16..85 13
 

?0ino. n.OON .1148 0.113 1.000 4.000 0.000 85.) .075 .000 16..5 13
 
4 65000. 1000 .1378 0.500 1.500 15.00 0.000 75.0 .n75 .000 16..S5 
13
 
5 106500. 2000 .2316 n.500 2.000 25.00 0.000 25.0 .075 .000 16..R5 13
 
1 .11 15. 0.165 .05 .05 nc; .0s .08
 
2 .20 15. 0.365 .05 .05 .05 .08 .08
 
3 .15 15. 0.365 .05 .05 .05 .OR .OR
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APPENDIX G
 

PNG ITINERARY
 

Dates: April 27 - May 9, 1980
 

Mr. Bob Chronowski, Cleaver-Brooks Boiler Co.
 
Mr. Chuck McCann, U.S. Department of Energy
 
Mr. Ed Sharp, MITRE Corporation
 
Mr. Matt Mendis, MITRE Corporation
 

Sunday April 27: Port Moresby
 

0835 Arrive POM ex Sydney QF 025
 
(Islander Hotel)
 

Monday April 28: Kieta/Arawa/Panguna
 

0400 Depart hotel for airport
 
0430 Check in 
0500-0635 PX 808 POM-KIE 
0930 Meet with Paul Piercy, Arthur Minchington and others -

Bougainville Copper Limited
 
1100 Meet with Doug Hinckfuss, BCL
 
1400 Tour of concentrate drying operation Loloho
-

Arthur Minchington, Owen Mathews
 
(Davara Hotel)
 

Tuesday April 29: Kieta/Arawa/Panguna
 

0830 Loloho Power Station (BCL)
 
Joe Dunn, Station Manager
 

1130 SHRM catering
 
Mike Herrington, Manager
 

1330 Dept. Works/Arawa Hospital
 
Harry Sonigan, Brian Green
 
(Davara Hotel)
 

Wednesday April 30: Kieta/Arawa/Panguna
 

0900 Goodyear - Panguna
 
John Stuart, Manager
 

1030 IRECO Chemicals
 
Bob Vinneri, Manager
 

1330 Bougainville Laundry
 
Louis Piouka, Manager
 

1725-1910 PX 807 KIE-POM
 
(Tr vellodge)
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Friday May 2: Port Moresby
 

1030 Office of Taxation 
John Lohberger, Director 
Barry Bevan, Asst. Director 

1200 National Planning Office 

Jim Guest and John Wilson 
1500 Office of Environment 

John Low and Bill Green 
(Travellodge)
 

Monday May 	5: Goroka
 

0845-0935 PX 870 POM-GKA
 
1030 Goroka Base Hospital
 

Bill Murfitt
 
1330 	 Rothmans Tobacco, Goroka
 

Bruce Taylor, labor liason (transport)
 
Renzo Accamero, Farm Manager
 
Henry Agustonelli, Overall Farm Manager
 

1500 	 Highland Tobacco
 
Ed Cowper, Manager
 
(Bird of Paradise Hotel)
 

Tuesday May 6: Mt. Hagen
 

0700-0730 Talair chater GKA-HGN
 
0830 Tea Industry Association
 

John McNickol, Manager Carpenters
 
Sandy Fraser
 
Bill Brown
 

Note: Involved several site visits and final
 
summation meeting in Mt. Hagen
 

1705-1805 PX 831 PGN-POM
 
(Davara Hotel)
 

Wednesday May 7: Lae
 

0605-0650 PX 830 POM-LAE 
0930 University of Technology, Lae 

David Fussey, Mech Engr. 

Graham Sneddon, Mech. Engr. 
Mike Blowers, Chem Tech. 

1100 Serafini Bottlers 
Paul Serafini, Manager 

1330 South Pacific Timbers 
Jeff Bland, Manager 
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1430 Angau Memorial Hospital, Lae 
Paul Lundy 
Andrew Dorey 
Jim Easton 

1530 South Pacific Brewery 
Werner Bensch 
(Melanesian Hotel)
 

Thursday May 8: Lae
 

0800 	 Ramu Sugar Ltd.
 
1000 	 South Pacific Brewery
 

Peter Colley, Executive Engineer
 
David Fussey, UNITECH
 

1300 Melanesian Soaps
 
Ron Elias, Manager
 

1430 A.C.I. Glass: 
 New Guinea 	Containers
 
New Guinea Fibre Packages
 

Lou Dingjan, Managing Director
 
Colin Jolly
 

1955-2040 	PX 833 LAE-POM
 
Travellodge)
 

Friday May 	9: Port Moresby
 

0830 Geological Survey
 
Alex McKinlay, Chief Government Geologist
 

1030 U.S. Embassy
 
Harvey Feldman, U.S. Ambassador to PNG
 
Mike Leu, Econ/Commercial Officer, U.S. Embassy
 

1130 Department of Minerals and Energy
 
Nigel Agonia, Secretary
 

1500 QF 026 POM-BNE-SYD
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