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ENERGY FROMSAWMILL WASTE IN ONDURAS 

TEUPASENTI CASE STUDY 

EXECUTIVE SUMMARY 

This case study follows a more general assessment, completed in 1991, of the nation-
wide potential for energy production from sawmill wastes in Honduras, and it presents a detailed 
examination of waste-wood energy options for a three million board-feet per year sawmill located 
in Teupasenti, El Paraíso Department.  While waste-fired cogeneration is generally economical at 
larger installations, the vast majority of Honduran mills produce less than five million board-feet 
per year, so the purpose of this study is to establish whether a waste-wood energy system at a 
small sawmill is a profitable investment.  If so, small sawmill owners throughout the country would 
have the opportunity to enhance their profits and at the same time provide needed electric power, 
environmental improvements and rural employment. 

Of six alternative energy-system configurations developed for the Teupasenti sawmill 
site, three are designed for electricity production only during hours of peak-demand as defined by 
Empresa Nacional de Energía Eléctrica (ENEE), the national electric utility company, and three 
others are designed for continuous electricity generation, with operation timed to maximize output 
during peak times while maintaining efficient generation during off-peak hours.  Both systems 
maximize peak period power generation, because of ENEE's expressed need for peak 
generating capacity in the future.  The continuous operating system design is large enough to 
provide the sawmill with all of its peak power demand requirements (250 kW), in order to allow 
the facility to operate at full capacity during utility outages.  All energy system designs provide for 
complete utilization of all of the wastewood produced by the sawmill. 

Under each of the two electric output schemes just described, the three remaining 
categories reflect alternative amounts of steam-heated lumber drying as part of the sawmill's 
operation.  Dry kilns are relatively rare in Honduras, where most lumber products are sold in 
green form.  However, they offer several important benefits to sawmills, including cost savings on 
shipments, higher-grade lumber products with improved quality, and easier access to export 
markets that restrict entry of green lumber.  For all of these reasons, as well as the fact that 
installation of a wastewood-fired energy system automatically provides a source of steam that 
can be used to heat a dry kiln, it is likely that any sawmill that is contemplating a wastewood 
energy system would also consider a dry kiln as part of the total energy system.  For the 
purposes of this case study two dry kiln designs are considered, one that is sized to dry all of the 
high-grade lumber produced by the sawmill (single track), and one that is sized to dry all of the 
sawmill's primary lumber (double track).  The option of not drying lumber also is included among 
the alternatives 

Financial analysis indicates that none of the of the six base-case system configurations 
meets acceptable investment criteria, defined here as a minimum real return on total investment 
of ten percent per year.  The return calculation is predicated on an assumed price for exported 
power that ENEE might consider advantageous to pay, based on estimated utility avoided cost 
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for generation.  It does not reflect any possible net savings to the local transmission and 
distribution system, nor does it take into account environmental quality improvements and other 
economic externalities. 

At higher prices, which may prevail in the future as avoided costs increase, or as national 
policy intervenes to promote wastewood cogeneration for its social and environmental benefits, 
this and other power generation projects like it could be more advantageous.  For the system to 
break even at a ten percent per year real cost of capital, the utility would have to pay an average 
of between Lps. 0.68 and Lps. 1.15 per kilowatt hour for surplus power at the sawmill.  If ENEE 
were prepared to pay a level 800 Lempiras annually per kilowatt for the sawmill's contribution to 
generating capacity, the system would then require a more modest, but still substantial Lps. 0.55 
to Lps. 0.95 per kilowatt hour to provide the same return on investment. 

The capital costs of all of the system configurations are based on the purchase of new 
equipment for all components.  Extensive use of high-quality, reconditioned used equipment 
could allow a drop in total project capital cost of as much as thirty percent of the levels estimated 
for the base-case configurations.  Cost savings of this magnitude could make some 
configurations profitable at today's ENEE avoided costs, provided system reliability and longevity 
are not significantly compromised. 

At capacities between 300 and 475 kilowatts, the systems considered here suffer from 
adverse scale economies and from the fact that they represent high capital, low fuel cost options, 
which are generally profitable only if they produce revenues all day throughout the year.  If a 
generator operates only intermittently or must compete with low-cost hydropower for much of the 
time, it will not easily pay for itself.  Larger-scale systems may represent more viable investment 
opportunities for the handful of much larger sawmills in Honduras, especially if they are credited 
with the variety of additional benefits they could privide, including: 

• Improved disposal of solid wastes, with reductions in air and water pollution. 

• Decreased dependence on imported fossil fuels. 

• Reduced need for the development of new electric generating capacity on the part of 
ENEE. 

• Development of rural employment and industrialization opportunities. 
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ENERGY FROM  
SAWMILL WASTE IN HONDURAS 

TEUPASENTI CASE STUDY 

1.0  INTRODUCTION 

The Honduran wood-products industry, which obtains most of its energy in the forms of 
imported petroleum products and utility electricity, produces large quantities of energy-rich wood 
wastes that are not used for any purpose. These wastes could provide the sawmills with all of 
their energy requirements, reduce the sawmill's burden on the environment, and provide surplus 
electricity, process steam, or solid fuels for the national economy.  Realizing this potential, 
however, will require investment capital to install wastewood energy systems at the individual 
sawmills in Honduras. 

The first phase of our effort to understand and identify the role that wastewood energy 
systems could play in Honduras involved a national-scale industry overview assessment, which 
was completed in March, 1991 (Winrock International Institute for Agricultural Development, 
Energy from Sawmill Wastes in Honduras: Industry Overview, USAID Office of Energy and 
Infrastructure, Bureau for Science and Technology, Biomass Energy Systems and Technology 
Project. Report No. 91-05).  This report concludes that wastewood energy systems for Honduran 
sawmills have the potential to be viable investments, and to provide substantial economic and 
environmental benefits to Honduras. 

The second phase of this effort, which is described in this report, involves a detailed case 
study of a possible wastewood energy system for a specific Honduran sawmill, "Maderas de 
Oriente" in Teupasenti, El Paraíso Department.  This facility, with an annual production capacity 
of approximately three million board-feet (3,000 mmbf), was selected for the development of the 
case study, because its small size is representative of a large number of operations identified in 
the Industry Overview Study, and because the mill owner was willing to devote significant time 
and resources to providing the study team with complete and accurate information. 

In this report, we describe six alternative project configurations for the Teupasenti sawmill 
site.  All of the configurations are designed to utilize all of the waste produced by the sawmill.  
Variations are based on two different approaches to providing peak energy production for the 
sawmill and for the national utility company, and on two different dry kiln designs that could be 
integrated with the energy system into the sawmill operation.  The optional energy system 
configurations are described and analyzed, and the process of developing these plans into an 
operating project are discussed. 
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2.0  RAW MATERIAL SUPPLY AND FORESTRY 
CONSIDERATIONS 

The Maderas De Oriente sawmill processes exclusively pine wood into lumber products.  
All of the raw pine logs are obtained from the Teupasenti forest district under permits granted by 
the Corporación Hondureña de Desarrollo Forestal (COHDEFOR), which controls all forest 
resources in the country on both private and public land.  The Teupasenti forest district contains 
almost forty thousand hectares that are available for the use of the sawmill.  Based on the Forest 
Management Plan prepared by COHDEFOR in 1990, the estimated annual available cut for the 
next 40 years, and, indeed, in perpetuity, is nearly 30 percent more than the amount now being 
harvested, even without bringing current brush land into timber production.  Even though actual 
cutting has been 7.5 percent under this estimate for the first 15 months since the Management 
Plan was prepared, the sawmill has enjoyed a surplus of more than 20 percent above its needs, 
at the present primary production capacity of approximately three million board feet per year. 

Log harvest and lumber production vary throughout the year, with the maximum roughly 
twice the minimum (see section 3.2).  While part of this variation is related to weather and the 
condition of roads, some is not.  For example, in 1990, the months of November and December 
had the lowest production levels at the Teupasenti sawmill, even though these months are not in 
the wet season. 

COHDEFOR regulations require mill owners to cut only marked trees, leave twelve seed 
trees per hectare, protect regeneration, thin stands as needed, provide intensive protection from 
insects, disease and fire, burn or remove all logging slash, spread slash in contour rows on 
cleared landings and skid trails, divert runoff water from denuded areas, and construct and 
maintain roads in such a way as to minimize erosion and water contamination.  While regulation 
may protect the forest and the environment from overexploitation and abuse, the fact that a 
license to operate a sawmill and a contract to harvest trees are issued only on an annual or 
shorter basis poses a significant risk to individual mill owners and to potential investors in any 
contemplated mill improvements.  The working assumption in the industry is that licenses and 
contracts will be reissued as needed, but longer term guarantees may be necessary for forest 
industry-based energy development to occur. 
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3.0  DESIGN BASIS FOR BOILER AND GENERATOR 
SYSTEMS 

3.1  General Comments 

Although tailored to conditions at the Teupasenti site, the assumed energy conversion 
systems are based on the same technologies that were described in the industry overview report, 
and the dry kiln designs are conventional, embodying equipment available in Honduras today.  
The application to a specific sawmill site allows realistic conditions to be used for specifying the 
system design, resulting in more reliable cost and performance estimates.  While the systems 
described in this report are designed specifically for the Teupasenti sawmill, the major 
components, scaled appropriately, are suitable for the majority of sawmill operations in 
Honduras. 

3.2  Energy Requirements of Existing Operation 

The sawmill at Teupasenti converted from diesel generators to the electric utility as their 
source of power early in 1991, and unfortunately, reliable information has been impossible to 
obtain on the power consumed since the conversion.  However, the mill has maintained complete 
records on the amount of diesel consumed by the generator sets in prior years, so operating 
information from year 1990, which was reasonably typical, served as the basis for sizing the 
electrical generating and lumber drying equipment considered in this case study. These data are 
summarized in Table 3.1. 

Diesel generator unit number D 333 is a 90 Kw, 240/480 volt, 3 phase, synchronous 
generator, driven by a 140 horsepower, Caterpillar, diesel engine. Diesel generator unit D 343 is 
a 240 Kw, 240/480 volt, 3 phase, synchronous generator, driven by a 360 horsepower Caterpillar, 
diesel engine.  Expected performance parameters for both of these units, obtained from J.A. 
Riggs Tractor Company in Little Rock, Arkansas, are displayed in Table 3.2. 

According to the owner of the mill, the larger diesel unit, unit D 343, was only operated 
when the mill was in operation during 1990.  The smaller unit, unit D 333, was operated 
approximately one-half of the time that the mill was in operation, and roughly four hours each 
evening to provide about five Kw for plant lighting and miscellaneous domestic loads.  Based on 
this operating schedule and the expected diesel unit performance data, the electrical output of 
these units was determined for each month during 1990.  This information, displayed in Table 
3.3, represents the electrical energy requirements of the sawmill as reflected in the operating 
profiles of the generating system configurations considered in this study. 

table 3.1 
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TABLE 3.2:  TEUPASENTI SAWMILL 
EXPECTED PERFORMANCE OF DIESEL GENERATORS 

 UNIT D 
333 

   UNIT D 
343 

  

        
GENER
ATOR 

FUEL ENGINE UNIT GENERAT
OR 

FUEL ENGIN
E 

UNIT 

OUTPU
T 

CONSUM
ED 

INPUT HEAT-
RATE 

OUTPUT CONSUM
ED 

INPUT HEAT-
RATE 

(KW) (Lb/Hp-
Hr) 

(Btu/Hr) (Btu/KW
H) 

(KW) (Lb/Hp-
Hr) 

(Btu/Hr
) 

(Btu/KW
H) 

        
90 0.357 968,641  10763 240 0.366 2,571,9

55  
10,716  

80 0.355 852,340  10654 220 0.365 2,344,0
59  

10,655  

70 0.355 748,397  10691 200 0.365 2,137,4
40  

10,687  

60 0.355 644,452  10741 180 0.367 1,934,2
37  

10,746  

50 0.355 540,509  10810 160 0.37 1,740,5
98  

10,879  

40 0.355 443,494  11087 140 0.375 1,551,8
40  

11,085  

30 0.37 353,898  11797 120 0.382 1,364,5
65  

11,371  

20 0.413 282,161  14108 100 0.392 1,193,6
87  

11,937  

        
NOTE:  Engine input and heat-rate are based on diesel fuel heating value of 19,520 

Btu/Lb. 

3.3  Fuel Availability 

Each of the systems considered would utilize all of the residuals produced by the sawmill, 
and production records for the mill were accurate enough to permit the use of a material balance 
approach to estimating the volume of waste produced.  Table 3.4 presents the log volume 
processed and the quantities of lumber and secondary products produced for each month of 
1990. 

The difference between the log volume and the product volume is the quantity of solid 
wood that is converted to green waste in the sawmill.  The product volume is adjusted to reflect 
the actual dimensions of each production category.  Log volume is based on the log diameter 
inside the bark and does not include the bark volume.  For estimation purposes, bark is assumed 
to be seven percent of the log volume.  In addition to bark and green waste, a significant quantity 
of waste is produced by a surfacing operation that processes approximately ninety-five percent of 
the number 2 grade lumber produced. This material is identified as dry waste because for the 
system configurations that include a kiln drying operation, this dry waste is assumed to be kiln 
dried. 
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Energy availability is based on an average heating value of 9950 btu per pound of dry 
wood fiber, after appropriate accounting for the weight of moisture.  Although variations in the 
average moisture content of the total waste stream could have an effect on boiler efficiency and 
rating, the impact should not be so large as to affect the conclusions of the study. 

Table 3.3 

Table 3.4 

3.4  Equipment Selection 

3.4.1  Boilers 

At a boiler rating well under 30,000 pounds per hour steam generation, the most 
economical boiler selection is usually a fire-tube unit with a maximum operating pressure of less 
than 200 pounds per square inch/gauge (psig).  Therefore, it was decided that the economic 
evaluations for this study should be based on a systems designed around this type of boiler. 

The other type of boiler that could be considered is a water tube design.  This type of 
boiler provides a much wider range of operating conditions and configurations.  However, in the 
size range considered in this study, water-tube boilers are considerably more expensive than fire-
tube units, and the additional system efficiency that could be achieved with higher pressure 
steam conditions would have to justify the added cost.  It should also be noted that mills in 
Honduras with existing boiler operations are utilizing boilers of the fire tube type, with operating 
pressures less than or equal to 200 psig. 

3.4.2  Combustion Systems 

The presence of random-sized solid wood pieces in the residual stream make it 
impossible to use combustion systems that incorporate automatic, precise control of the fuel feed 
rate.  In fact, the only system that can use this material without further processing is a balanced, 
or negative draft furnace that has provisions for manually firing the larger pieces through the 
furnace doors.  This type of furnace can also be equipped with a conveyor system that will deliver 
the sawdust and smaller pieces to the furnace through a feed chute in the roof or upper sidewall.  
The conveyor system can be equipped with a hopper that will hold a fuel reserve and allow the 
operator to regulate the firing rate by starting and stopping the conveyor, as well as by adjusting 
the rate at which the larger pieces are fed to the furnace.  While a combustion system of this type 
is not nearly as efficient as a more automated system, it is much less expensive and is consistent 
with the philosophy of substituting manpower for mechanical/electrical power when practical. 

3.4.3  Prime Movers 

The choice of a prime mover for the generator is limited to either a steam engine or a 
single-stage steam turbine.  Multi-stage steam turbines are not competitive in the size range 
being considered in this study, and are probably too sensitive to allow reliable operations for 
installations in the prevailing sawmill environment in Honduras. 
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Historically, steam engines frequently have been selected for applications of this type, 
and are utilized at the Honduran sawmills currently generating electricity from wood wastes.  
Steam engines have the advantage of a slightly higher operating efficiency and better off-load 
performance.  However, steam engines have the disadvantage of being more expensive than 
single-stage turbines.  Also, the exhaust from a steam engine is contaminated with lubricating oil 
and not suitable for reuse as boiler feedwater.  Therefore, steam engines have the added 
disadvantage of higher make-up water requirements, which is not consistent with the perceived 
need to design these systems to conserve water. 

3.4.4  Condensing Equipment 

Having selected a single-stage turbine as the prime mover for the generator, a 
determination of the type of condensing equipment to be used for exhaust steam recovery must 
also be made.  Either an air-cooled condenser or a water-cooled, surface condenser would be 
suitable for this service.  There are no technical considerations that would favor either of these 
system configurations.  Therefore, the selection of the most suitable system design should be 
based on an economic assessment of the value of the electrical output versus the installed and 
operating costs of the systems. 

Air-cooled condensers are not usually economical for use with turbines operating at 
vacuum exhaust conditions.  However, operation of the turbine at higher exhaust pressure has a 
significant, detrimental impact on the overall system efficiency (i.e. the electrical output achieved 
from a given fuel quantity is significantly reduced).  Preliminary investigations indicate that there 
is more than sufficient fuel available to produce the electricity required by the sawmill and 
powerhouse operations.  Therefore, the only factor that can justify the added cost and water 
consumption of a water-cooled condenser is the value of excess electricity produced for off-site 
sales.  It was decided that this study, which anticipates electricity sales, would reflect the more 
expensive, energy efficient system designed with the turbine operating at a vacuum exhaust and 
configured to operate with a water-cooled, surface condenser.  This will require the installation of 
condensate pumps, cooling water pumps, a cooling tower and condensate flow controls.  This 
basic energy efficient system arrangement is shown schematically in Figure 3.1. 

FIGURE 3.1:  ENERGY EFFICIENT SYSTEM SCHEMATIC DIAGRAM 
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3.5  Environmental Effects 

Current waste disposal practice at the Teupasenti sawmill, which is nearly universal in 
Honduras, involves open burning of sawmill wastes in smoldering piles near the sawmill site.  
This produces an almost constant presence of ground level smoke and haze.  Water run-off from 
exposed piles of unburned and partially burned wood waste contaminates nearby streams and 
impoundments.  Ground water contamination may also result from leaching of tannic acids 
resulting from biological degradation of sawmill wastes. 

Utilization of these residuals for energy production will eliminate the piling and open 
burning of waste wood.  If only this benefit is considered, installation of wastewood energy 
systems will reduce significantly the environmental degradation caused by current wastewood 
disposal practices at Honduran sawmills. 

The boiler systems considered in this study are manually fired, fire tube boilers that are 
not equipped with automatic combustion controls or post-combustion emission control devices.  
These systems are very similar to the boiler systems utilized by the sawmill industry in the U.S. 
until environmental concerns made it necessary for U.S. sawmills to upgrade the systems by 
adding combustion controls and emission control equipment.  This type system appears to be 
most compatible with the current technical and economic status of the sawmill industry in 
Honduras and was therefore selected as the design basis for the systems considered in this 
study. 

Experience with similar systems in the U.S. indicates that the Teupasenti boiler system 
will produce the emission levels identified in the following tabulation. 

 Pollutant Annual Emission (tons/year) 

 Particulate   110 
 Carbon Monoxide   160 
 Oxides of Nitrogen   35 

Addition of combustion controls and particulate emission control equipment will reduce 
the particulate and carbon monoxide emissions.  However, this equipment will not only add to the 
installation and operating cost, it will increase the level of technical expertise required to achieve 
reliable operation of the boiler systems. 

A multiple cyclone collector installed as part of the boiler outlet package will reduce the 
particulate emissions to approximately 20 tons/year.  Addition of this equipment will increase the 
installation cost by approximately $US 25,000.00 and will increase the electrical consumption of 
the powerhouse auxiliaries by approximately 110,000 kWh per year. 

Addition of combustion controls can reduce the carbon monoxide emissions to 
approximately 55 tons/year.  However, this modification involves not only installing the 
instrumentation and control devices, it also requires the installation of equipment to automatically 
meter fuel and air to the boiler furnace and it requires that all of the fuel be sized so that it can be 
delivered by the metering equipment.  Since a large percentage of the fuel is presently generated 
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in slab form this means that a hog or pulverizer will have to be installed to size the fuel.  All of 
these increase the electrical consumption by as much as 240,000 kWh per year. 

3.6  System Capacity 

Because of the assumption that grid connected systems will be tied into a distribution 
network that can consume all of the excess electricity produced by the generating plant, the 
selection of the most suitable design for these systems is solely dependent on an evaluation of 
the value of the excess electricity versus the installed and operating costs of the system.  
Information developed in the overview study indicated that the most economically viable 
configuration for the boiler and generator was a design that utilized all of the waste produced by 
the sawmill operation and maximized electrical power generation.  However, the overview study 
did not evaluate such issues as the impact of peak and off-peak utility buy-back rates on the 
selection of the most viable system capacity.  ENEE has informed us that they have a much 
greater need for additional power generating capacity during peak hours than during off-peak 
hours, and that they would be inclined to provide strong incentives mainly for peak power 
generation.  This introduces the possibility that the wastewood energy system should be 
designed to maximize power production during peak hours. 

Peak hours for the purposes of this study, as defined during discussions between the 
study team and ENEE, are defined as follows: 

 Weekdays: 8 in the morning until 10 in the evening 

 Saturdays: 12 noon until 10 in the evening 

 Sundays and Holidays: no peak hours 

It is assumed, for the purpose of these calculations, that there are ten non- Sunday 
holidays per year in the Honduran Calendar, two of which fall on Saturdays.  The exact 
distribution of the Honduran holidays in any given year has very little impact on the calculated 
avoided costs. 

This study considers two different approaches to supplying the type of power desired by 
ENEE, while maintaining an efficient and viable investment for the sawmill.  The first approach, 
which is the more radical one, involves designing the energy systems for operation during 
ENEE's peak hours only.  The second approach involves designing the systems for continuous 
operation, with operation at the minimum level that is efficient during off-peak hours, and at the 
maximum level of power generation possible during peak hours.  In the latter approach, the 
system is sized to be large enough to supply the sawmill's peak electrical demand, which is 
approximately twice as large as its average demand.  In all cases the systems are operated to 
consume all of the biomass waste material that is generated at the sawmill, and in the four cases 
that include dry kilns, the boilers are operated continuously in order to provide a constant supply 
of steam to the kiln.  For the purposes of this study, the first approach is labeled "peaking 
system," while the second approach is labeled "base-load system."  In fact, both approaches 
involve designing and building energy systems that emphasize peak-power generation. 
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A system designed strictly for peaking operation would be capable of consuming all of 
the available fuel during the peak hours, and would be shut down during the off-peak time.  In this 
scenario, power required for system auxiliaries and other mill loads will be purchased from ENEE 
during off-peak hours and only the fuel required to maintain the boiler in a hot stand-by condition 
will be burned during these hours.  Allowing for a two week system outage during December and 
four non-Sunday holidays will result in the system being in operation approximately 3,936 hours 
per year.  If the total fuel available is burned during these hours the average boiler input will be 
19.75 mmBtu/Hr, and the average steam production will be approximately 10,750 lbs/Hr.  
Selecting the boiler for normal operation at 90 percent of rated capacity results in a required 
boiler rating of 12,000 lbs/Hr.  A generator system designed in accordance with the parameters 
developed in the overview study and matched to this boiler capacity should have a rating of 475 
kW. 

The alternative to a peaking system for this location is a system designed to consume the 
available fuel in approximately 8,400 hours per year.  The minimum required boiler capacity in 
this case is 5,750 lbs/Hr, and the corresponding generator rating is 225 kW.  A system of this size 
at Teupasenti would consume all of the fuel produced but, would not be large enough to replace 
the effective capacity of the existing 240 kW diesel generator.  If there are no significant 
interruptions in the power supplied by the ENEE grid the short fall in capacity would not be a 
problem.  However, should the grid fail the reduced on-site capacity might cause serious 
operating problems for the sawmill.  In addition, ENEE has indicated that they are far more 
interested in purchasing power during peak periods than during non-peak periods. Therefore, it 
was decided that the continuously-operating system design should be sized to provide sufficient 
capacity to replace the 240 kW diesel generator. Because of the auxiliary power consumed by 
the boiler and generator equipment the generator should have a rated capacity of 300 kW in 
order to provide 240 kW for operation of existing equipment.  The boiler rating that matches this 
generator rating is 7,750 lbs/Hr.  This larger capacity will make it possible to operate this system 
in a manner that will produce significantly more electricity during peak periods than off-peak 
periods.  It will be operated at approximately 90 percent of rated capacity during peak hours to 
take advantage of the higher rates paid for power sold during these periods.  During off-peak 
hours the system will be operated at the highest level possible, subject to the availability of 
excess fuel not used during peak periods, or for the production of kiln steam during off-peak 
hours. 

Because of the possibility of there being a significant difference in the economic viability 
of these two systems it was decided that operating and cost data should be developed for both 
systems so that a detailed economic comparison could be prepared.  The cost information is 
presented in section 4.0 of this report. 

3.7  Kiln Drying Options 

As mentioned in the overview study, the installation of a wood energy conversion system 
at a sawmill provides the opportunity for installing steam-heated dry kilns that would not 
otherwise be installed. 
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The alternative to steam heated kilns is an indirectly heated kiln that utilizes a gas-to-air 
heat exchanger to transfer heat from a crude wood burner to the kiln environment.  This kiln is 
very inefficient and difficult to control.  While it is a reasonable and cost effective option for 
producing kiln dried lumber at mills that do not install wood energy systems, it is not an attractive 
lumber drying alternative for those mills that are planning to install a wastewood-fired boiler and 
steam-driven generator. 

There are two possible designs for a kiln drying operation at the Teupasenti sawmill that 
need to be considered in this study.  The first is the installation of a kiln sized to dry only the No. 1 
grade lumber production, which is approximately 432,000 board feet per year.  About one-half of 
this lumber is sold to export markets, and the balance is shipped to a furniture and door factory 
that is also owned by the Lima family.  Information provided by the owner indicates kiln drying 
would add approximately 250 Lps/mBF to the value of the exported lumber.  Since the lumber 
that is shipped to the furniture and door factory must be kiln dried before use, the added value of 
kiln-dried lumber shipped to the factory would be equivalent to the savings realized by not having 
to dry this lumber at the factory.  This savings is estimated to be approximately 175 Lps/mBF.  
However, consideration should be given to applying the added value of 250 Lps to all of the No. 1 
grade production since lumber for the factory could possibly be obtained by purchasing green 
lumber from other mills in Honduras.  In addition to the added value, kiln drying will also produce 
a freight savings of approximately 29 Lps/mBF for the export lumber and 17 Lps/mBF for the 
lumber shipped to the factory. 

The accepted drying schedule for high grade Pine lumber in Honduras is 6 to 7 days, 
depending on the lumber thickness.  In order to provide flexibility for mixing lumber lengths in the 
kiln the minimum kiln size that is suitable for drying the expected high grade production from this 
mill is a single track kiln with an overall length of 34 feet.  The lumber would be stacked in two 4-
foot high packages on kiln trucks and moved into and out of the kiln on rails. Because of the 
relatively low temperatures required for the intended drying schedule a masonry building is 
completely acceptable and should be much less expensive to construct than the prefabricated 
structures typically used in the U.S.  The circulating fans in the kiln should be selected to provide 
a slot velocity of approximately 500 FPM.  This can be accomplished with three 1.5 Hp fans.  The 
fans should be installed with the motors mounted outside of the kiln to improve motor life and 
provide for convenient maintenance.  Heating coils should be mounted on either side of the fan 
deck and, because of the relatively low heat requirements, the coils can be fabricated to provide 
a total of 900 feet of 1-inch schedule 40 bare pipe.  This type of coil can be fabricated in 
Honduras and should be less expensive than the extended surface coils normally utilized for this 
service.  Preliminary arrangement drawings for this kiln can be found in Appendix A. 

A kiln of this size will dry all of the high grade production in approximately 248 days per 
year.  Rather than have the kiln stand idle for the rest of the time, it should be utilized to dry No. 2 
grade lumber whenever it is available. This not only increases the utilization of the kiln but, based 
on information provided by the owner, it will also increase the amount of No. 1 grade lumber 
produced.  This occurs because kiln drying introduces the possibility of upgrading approximately 
10 percent of the No. 2 grade lumber that is kiln dried.  In addition to the product upgrade, there 
will be a freight savings of approximately 19 Lps/mBF on all of the No. 2 lumber dried.  Full 
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utilization of this kiln will create an average steam demand of about 350 lb/Hr for the 7,320 hours 
per year that it will be in operation. 

The second dry kiln option is the installation of a kiln sized to dry all of lumber production 
from this mill.  The drying schedule for No. 2 lumber can be shortened to 3 or 4 days depending 
on thickness.  Therefore, this kiln should be designed with sufficient heating capacity to dry No. 2 
lumber on the shorter schedule.  Operating conditions would be adjusted to dry No. 1 lumber on 
the longer schedule.  Additional benefits produced by this larger kiln will be the possible upgrade 
of 10 percent of the balance of the No. 2 lumber and a freight savings of approximately 19 
Lps/mBF on this production. 

The most economical configuration for this kiln will be a two track design with heating 
coils located between the tracks as well as the overhead coils used in the single track kiln.  The 
total heating surface required is 4,830 feet of 1-inch schedule 40 pipe with 3,000 feet in the 
booster coil between the tracks. Four one-Hp fans will be required to circulate the air in the kiln.  
The average steam demand of this kiln will be 1,250 lb/Hr for the 7,650 hours per year that it 
operates.  Preliminary arrangement drawings of this kiln are also contained in Appendix A. 

3.8  Configurations of Wood Energy and 
 Dry Kiln Systems 

There are six possible combinations of the wood-energy conversion systems and the dry 
kilns that could be installed at the Teupasenti sawmill.  Options 1-3 use the peaking energy 
system design, while options 4-6 use the continuous operating system design.  Options 1 and 4 
have no dry kiln, options 2 and 5 use the single-track dry-kiln design, and options 3 and 6 use the 
double-track dry- kiln design.  Each configuration has a different impact on the amounts of 
electricity generated and the amounts of kiln dried lumber produced.  Figure 3.2 shows 
graphically the weekday energy output profiles for options 1, 3, 4, and 6. 

3.8.1  Option I 

The first possibility is simply the installation of a wood energy conversion system 
designed for peaking service as described in section 3.6.  This system would utilize a 12,000 
lb/Hr boiler and a 475 kW generator to consume all of the available waste fuel, and produce 
electricity only during the peak hours when it has the highest value. 

FIGURE 3.2:  WEEKDAY SYSTEM OUTPUT PROFILES 

3.8.2  Option II 

Since installation of a boiler system introduces the opportunity for installing steam heated dry 
kilns, option I must be compared with the two possible kiln systems that can be installed with this 
boiler system.  The small quantity of steam required by the kilns is not sufficient to alter the 
required boiler or generator capacity.  Therefore, this option consists of simply adding a 
single-track dry kiln to the wood energy system included in option I.  Steam delivered to the 
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generator will be reduced by the steam requirements of the kiln, thus reducing the amount of 
electricity produced.  Also, since the generator is only operated during peak hours it will be 
necessary to purchase power from ENEE to operate the kiln and powerhouse auxiliaries during 
off-peak hours.  It would not be efficient to operate the generator during off-peak hours to supply 
this small electrical load.  Also, it will be necessary to provide operating labor to fire the boiler to 
produce steam for the dry kilns during the off-peak hours. The added value of the kiln dried 
lumber will have to offset the loss in electrical production and the additional operating costs. 

3.8.3  Option III 

This option is simply the substitution of the double track kiln for the single track kiln 
included in option II.  The only differences from option II will be a reduction in electrical production 
because of the higher steam demand of the kiln, a small increase in the amount of electricity 
purchased during off-peak hours, and the increased production of kiln dried lumber. 

3.8.4  Option IV 

As discussed in section 3.6, a reasonable alternative to the peaking type wood energy 
system is a smaller system designed for continuous operation that has sufficient capacity to 
operate the sawmill in the event of an outage of the ENEE grid.  This would consist of a 7,750 
lb/Hr boiler and a 300 kW generator operated at approximately 90 percent of capacity during 
peak hours and as required to consume the balance of available fuel during off-peak hours. 

3.8.5  Option V 

This option involves the addition of a single-track dry kiln to the continuously-operated 
type energy system in order to provide a direct comparison with option II.  It should be noted that 
additional operating labor for the boiler during off-peak hours will not be required because the 
energy system is intended for continuous operation already. 

3.8.6  Option VI 

As in option V, this option involves the addition of a double-track dry kiln to the base load 
type energy system in order to provide a comparison with option III. 

As previously noted, all of these options have different impacts on installation cost, 
electrical sales, electrical purchases and kiln dried lumber production. The impact on expected 
performance (sales, purchases and production) is discussed below in section 4, and the 
differences in installed cost are presented in section 5. 

 

4.0  EXPECTED SYSTEM PERFORMANCE 

All of the system configuration options considered in this study are designed to convert the 
energy in the residuals produced by the sawmill operation into electricity for both internal 
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consumption and export to the ENEE grid, and thermal energy that will be used to produce kiln 
dried lumber, which has a higher value than the lumber presently produced by this mill.  The 
different production levels of each of the system config-urations discussed in section 3.8 are 
presented in Tables 4.2 through 4.7. 

Table 4.1 has been prepared to provide information on the expected electrical 
requirements of the existing operation, and will serve as a basis of comparison for the six energy 
system/dry kiln configuration options.  The expected electrical requirements for the existing 
operation are slightly higher than the 1990 requirements displayed in Table 3.3, because it was 
assumed that since this mill converted from diesel generators the plant lighting and domestic loads 
would remain on throughout the night rather than for only fours hours, as was the earlier practice 
when diesel generation was used. 

TABLE 4.1:  TEUPASENTI SAWMILL - EXISTING SYSTEM 

  
KILN DRIED LUMBER 

(MBF) 

  
ELECTRICITY SOLD 

(KWH) 

  
ELECTRICITY 
PURCHASED (KWH) 

MONTH NO. 1 
GRADE 

NO. 2 
GRADE 

 ON PEAK OFF 
PEAK 

 ON PEAK OFF 
PEAK 

       
JANUARY 0 0 0 0  28,242  1,860 
FEBRUAR
Y 

0 0 0 0  25,934  1,760 

MARCH 0 0 0 0  32,401  2,000 
APRIL 0 0 0 0  22,385  1,930 
MAY 0 0 0 0  26,605  1,980 
JUNE 0 0 0 0  23,592  1,950 
JULY 0 0 0 0  18,540  1,980 
AUGUST 0 0 0 0  18,802  1,930 
SEPTEMB
ER 

0 0 0 0  12,307  1,930 

OCTOBER 0 0 0 0  12,337  1,980 
NOVEMBE
R 

0 0 0 0   9,990  1,950 

DECEMBE
R 

0 0 0 0   9,409  1,150 

        
TOTAL 0 0 0 0  240,544 22,400 

 
The expected performance information for the system configurations has been developed 

to reflect the differences in dry kiln operating hours, kiln steam requirements, kiln electrical 
requirements, and energy system auxiliary power requirements.  These data provide a reasonably 
accurate indication of the production that can be expected from each of these systems. 

The information in Tables 4.2 through 4.7 is based on the monthly production levels 
established in 1990, which were assumed to represent a typical operating year for this sawmill.  
Variations in the monthly production have a significant impact on fuel availability, and in some 
months result in an inability to satisfy the kiln steam requirements and maintain desired electrical 
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production.  An example of this is the month of November for option III ( Table 4.4).  In this case it 
is necessary to reduce electrical output during peak hours in order to have enough fuel to provide 
the dry kiln steam required during off-peak hours. The reduced electrical output results in 
purchasing some power for the sawmill operation during peak hours.  In reality there is probably 
enough waste stock piled at the mill to compensate for this fuel short fall for several years. 
However, it was decided that the information developed for this study should represent the 
sustainable operation of these systems and existing waste reserves were not considered in the 
analyses. 

TABLE 4.2:  TEUPASENTI SAWMILL - OPTION I 
EXPECTED PERFORMANCE 

   
KILN DRIED LUMBER 

(MBF) 

  
ELECTRICITY SOLD 

(KWH) 

  
ELECTRICITY 
PURCHASED 

(KWH) 

MONTH NO. 1 
GRADE 

NO. 2 
GRADE 

 ON PEAK OFF 
PEAK 

 ON PEAK OF
F 

PE
AK

       
JANUARY 0 0 89,091 0  0 7,7

75 
FEBRUAR
Y 

0 0 70,554 0  0 7,3
57 

MARCH 0 0 99,817 0  0 8,3
60 

APRIL 0 0 106,243 0  0 8,0
67 

MAY 0 0 107,161 0  0 8,2
76 

JUNE 0 0 103,187 0  0 8,1
51 

JULY 0 0 115,461 0  0 8,2
76 

AUGUST 0 0 119,024 0  0 8,0
67 

SEPTEMB
ER 

0 0 116,349 0  0 8,0
67 

OCTOBER 0 0 121,709 0  0 8,2
76 

NOVEMBE
R 

0 0 19,034 0  0 8,1
51 

DECEMBE
R 

0 0 40,910 0  0 4,8
07 

        
TOTAL 0 0 1,108,540 0  0 93,

63
0 



 

Page 19 

TABLE 4.3:  TEUPASENTI SAWMILL - OPTION II 
EXPECTED PERFORMANCE 

   
KILN DRIED LUMBER 

(MBF) 

  
ELECTRICITY SOLD 

(KWH) 

  
ELECTRICITY 
PURCHASED 

(KWH) 

MONTH NO. 1 
GRADE 

NO. 2 
GRADE 

 ON PEAK OFF 
PEAK 

 ON PEAK OFF 
PEAK 

       
JANUARY 40.511 10.675 78,693 0  0 17,384
FEBRUAR
Y 

50.681 0.505 60,498 0  0 16,676

MARCH 51.186 0 99,011 0  0 17,737
APRIL 38.492 12.695 106,145 0  0 18,081
MAY 51.186 0 97,710 0  0 18,290
JUNE 27.643 23.543 97,052 0  0 17,644
JULY 15.985 35.201 109,113 0  0 18,175
AUGUST 40.581 10.605 112,058 0  0 18,081
SEPTEMB
ER 

31.188 19.998 109,845 0  0 17,966

OCTOBER 35.165 16.021 74,461 0  0 17,654
NOVEMBE
R 

35.981 15.205 8,920 0  0 18,281

DECEMBE
R 

29.044 0 34,566 0  0 10,885

        
TOTAL 477.643 144.448 988,072 0  0 206,85

4 

TABLE 4.4:  TEUPASENTI SAWMILL - OPTION III 
EXPECTED PERFORMANCE 

   
KILN DRIED LUMBER 

(MBF) 

  
ELECTRICITY SOLD 

(KWH) 

  
ELECTRICITY 

PURCHASED (KWH) 

MONTH NO. 1 
GRADE 

NO. 2 
GRADE 

 ON PEAK OFF 
PEAK 

 ON PEAK OFF 
PEAK 

       
JANUARY 61.364 198.352 52,550 0  0 18,971 
FEBRUAR
Y 

71.534 188.182 36,096 0  0 17,936 

MARCH 74.699 185.017 72,057 0  0 20,142 
APRIL 56.684 203.032 79,387 0  0 19,696 
MAY 80.446 179.270 70,234 0  0 20,213 
JUNE 40.089 219.627 84,832 0  0 19,903 
JULY 36.838 222.878 67,399 0  0 19,935 
AUGUST 61.434 198.282 98,196 0  0 19,696 
SEPTEMB
ER 

52.041 207.675 69,635 0  0 19,696 
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OCTOBER 56.018 203.698 46,743 0  0 20,213 
NOVEMBE
R 

56.041 203.675 0 0  17,307 19,903 

DECEMBE
R 

39.125 90.733 17,954 0  0 11,624 

        
TOTAL 686.313 2300.421 695,083 0  17,307 227,928 

 

TABLE 4.5:  TEUPASENTI SAWMILL - OPTION IV 
EXPECTED PERFORMANCE 

   
KILN DRIED LUMBER 

(MBF) 

  
ELECTRICITY SOLD 

(KWH) 

  
ELECTRICITY 

PURCHASED (KWH) 

MONTH NO. 1 
GRADE 

NO. 2 
GRADE 

 ON PEAK OFF 
PEAK 

 ON PEAK OFF PEAK 

       
JANUARY 0 0 48,333 27,105  0 0 
FEBRUAR
Y 

0 0 44,377 10,825  0 0 

MARCH 0 0 43,112 84,641  0 0 
APRIL 0 0 51,186 12,621  0 0 
MAY 0 0 49,796 42,874  0 0 
JUNE 0 0 48,789 57,146  0 0 
JULY 0 0 58,096 31,879  0 0 
AUGUST 0 0 60,010 62,104  0 0 
SEPTEMB
ER 

0 0 61,292 29,974  0 0 

OCTOBER 0 0 64,344 1,941  0 0 
NOVEMBE
R 

0 0 30,077 0  0 6,669 

DECEMBE
R 

0 0 34,797 0  0 5,913 

        
TOTAL 0 0 594,209 361,110  0 12,582 
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TABLE 4.6:  TEUPASENTI SAWMILL - OPTION V 
EXPECTED PERFORMANCE 

   
KILN DRIED LUMBER 

(MBF) 

  
ELECTRICITY SOLD 

(KWH) 

  
ELECTRICITY 

PURCHASED (KWH) 

MONTH NO. 1 
GRADE 

NO. 2 
GRADE 

 ON PEAK OFF 
PEAK 

 ON PEAK OFF 
PEAK 

       
JANUARY 40.511 10.675 43,538 20,564  0 0 
FEBRUAR
Y 

50.681 0.505 39,791 4,150  0 0 

MARCH 51.186 0 37,711 78,582  0 0 
APRIL 38.492 12.695 46,626 5,764  0 0 
MAY 51.186 0 45,263 36,057  0 0 
JUNE 27.643 23.543 43,885 51,012  0 0 
JULY 15.985 35.201 53,040 25,483  0 0 
AUGUST 40.581 10.605 55,048 55,634  0 0 
SEPTEMB
ER 

31.188 19.998 56,658 23,237  0 0 

OCTOBER 35.165 16.021 58,951 0  0 4,117 
NOVEMBE
R 

35.981 15.205 22,115 0  0 15,417 

DECEMBE
R 

29.044 0 31,930 0  0 9,165 

        
TOTAL 447.643 144.448 534,556 300,483  0 28,699 
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TABLE 4.7:  TEUPASENTI SAWMILL - OPTION VI 
EXPECTED PERFORMANCE 

   
KILN DRIED LUMBER 

(MBF) 

  
ELECTRICITY SOLD 

(KWH) 

  
ELECTRICITY 

PURCHASED (KWH) 

MONTH NO. 1 
GRADE 

NO. 2 
GRADE 

 ON PEAK OFF 
PEAK 

 ON PEAK OFF PEAK 

       
JANUARY 61.364 198.352 31,386 4,671  0 0 
FEBRUAR
Y 

71.534 188.182 28,551 0  0 10,372 

MARCH 74.699 185.017 25,848 61,415  0 0 
APRIL 56.684 203.032 34,521 0  0 10,319 
MAY 80.446 179.270 32,849 18,957  0 0 
JUNE 40.089 219.627 32,364 33,981  0 0 
JULY 36.838 222.878 40,593 8,896  0 0 
AUGUST 61.434 198.282 41,909 37,298  0 0 
SEPTEMB
ER 

52.041 207.675 45,183 6,676  0 0 

OCTOBER 56.018 203.698 46,841 0  0 16,557 
NOVEMBE
R 

56.041 203.675 0 0  4,155 16,206 

DECEMBE
R 

39.125 90.733 23,813 0  0 9,547 

        
TOTAL 686.313 2300.421 383,858 171,894  4,155 63,001 
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5.0  ESTIMATED COST OF PROPOSED SYSTEM CONFIGURATIONS 

The six different energy system/kiln configurations considered in this study are developed 
from various combinations of two different boiler/turbine-generator systems and two different dry 
kilns. Estimated installation and operating cost for each of these four system components is 
summarized in the table below, and more detailed cost information is presented in Appendix B1. 

TABLE 5.1:  ESTIMATED SYSTEM COMPONENT COSTS 

INSTALLATION COST (US$) POWER GENERATION LUMBER DRYING 

Item Description  475 kW Peaking  300 kW 
Continuous 

1 Track Kiln 2 
Track 
Kiln 

1 Civil Work  12,000  11,800  25,504  
42,506

2 Buildings & 
Structures 

 46,740  46,740 (incl. 1) (incl. 
1) 

3 Mechanical 
Equipment 

362,898 278,470  56,335  
70,418

4 Piping Works  12,000   8,645 (incl. 3) (incl. 
3) 

5 Instruments & 
Controls 

  6,000   6,000   7,500   7,500

6 Electrical Work  35,000  25,215 (incl. 3) (incl. 
3) 

8 Painting   9,360   6,743   2,764   4,456
 Installation Labor  40,000  28,194 (incl. 3) (incl. 

3) 
 Transportation   9,000   6,906 (incl. 3) (incl. 

3) 
 Engineering & 

Supervision 
 28,964  22,471   6,300   6,300

 Commissioning   4,630   4,630   1,000   1,000
 Contractor's 

OH&P 
157,696 123,498  25,381  

35,214
 Spare Parts  25,000  19,579   1,500   1,500
 Contingencies  25,000  19,579   5,800   5,800
TOTAL INSTALLED COST       
US$ 

774,288 608,471 132,084 174,69
4 

      
ANNUAL OPERATING & 
MAINTENANCE COST (Lps) 

    

 Operating Labor 30,000 65,000 7,500 10,000
 Operating 

Supplies 
14,000 14,000 3,000 5,000 

 Maintenance 32,000 32,000 8,000 10,000
TOTAL ANNUAL O & M 
COST  Lps 

76,000 111,000 18,500 25,000
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In an attempt to insure that installation cost estimates reflect the impact of construction 
methods currently practiced in Honduras, the study team enlisted the assistance of ICA 
Inversiones, which is a consortium of Honduran engineering firms currently engaged in civil, 
mechanical and environmental activities.  Ing. Eduardo Guzmán Triana of CIMEQH  has been 
our primary contact with ICA.  The installation cost estimates for the 475 kW peaking system and 
the dry kiln systems were prepared on the basis of a detailed project scope and preliminary 
arrangement drawings that were developed by the study team and given to ICA for their use in 
preparing the estimates.  The cost of the 300 kW base load system was estimated by scaling the 
cost of the peaking system.  The installation cost estimates include all applicable duties, taxes, 
and freight, and should represent the total cost of installing these systems at the Teupasenti 
sawmill. 

The costs of the generation and drying components were combined appropriately for 
each of the six options considered in this study, and the results are summarized below in Table 
5.2.  While the capital costs are quoted in total U.S. dollar equivalents in the preceeding table, the 
actual capital requirements are for a combination of hard currency and Lempiras.  In order to 
estimate the split for each of the system configurations, a consistent set of assumptions had to be 
applied to each of the capital cost components.  Annex yyy shows in detail how the capital cost 
estimates were split into individual currency requirements for the six system configurations. 

TABLE 5.2:  SYSTEM COST SUMMARY 

 
OPTION 

 
POWER 

DRYING 
KILN 

INSTALLATION 
(US$'s) 

INSTALLATION 
(Lps.) 

O&M 
(Lps./yr.) 

I Peaking None 411,198 2,116,814       76,000 
II Peaking 1 Track 477,242 2,501,832      94,500 
III Peaking 2 Track 490,620 2,672,249    101,000 
IV Baseload None 316,385 1,702,861    111,000 
V Baseload 1 Track 382,428 2,087,878     129,500 
VI Baseload 2 Track 395,807 2,258,296     136,000 
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6.0  FINANCIAL PROJECTIONS AND RETURNS  

6.1  Method of Analysis, Description of Model 

The financial performance of each of the six energy system/dry kiln configurations was 
analyzed using a cash-flow simulation model.  This model, which is adapted and updated from 
the model that originally was developed for Phase I of the Honduras Wood Energy Study, keeps 
track of both domestic currency (Lempira) and hard currency (Dollar) accounts.  Revenues, 
savings and costs are projected for a ten-year anticipated operating lifetime for the equipment.  
The revenues and savings are derived from three sources: (1) the avoided purchase of ENEE 
power for running the sawmill; (2) the savings and increased revenues attributable to the use of a 
dry kiln (for those configurations that include a kiln); and (3) sales of surplus electricity to ENEE.  
The project costs include both annual operations and maintenance, and the cost of capital. 

The pro forma cash-flow projections are displayed in Annex zzz in the form of six tabular 
panels, or pages, for each option.  The first two pages of the model's printout show the calculated 
cash flows and performance parameters, and the third page shows the detailed calculations of 
annual revenues and costs.  The fourth page shows the project capital costs and capital recovery 
assumptions.  The fifth page shows some of the important technical parameters of the project, 
and the sixth page shows the calculation of savings and increased revenues for the sawmill 
attributable to the dry kiln. 

6.2  Assumptions Used in the Analysis 

For the purposes of initial screening, the total capital cost of each of the energy system 
configurations is assumed to be financed with 100 percent equity.  Of this amount, half is 
assumed to be provided by Honduran investors, while the remainder is supplied from 
international sources.  The equity returns are calculated by the model based on cash flows 
available for distribution.  It is assumed that as much of the equipment and facilities as possible 
would be purchased within Honduras, and that hard currency would only be used where 
necessary.  The project is analyzed as a stand-alone venture, not as an extension of the 
Maderas de Oriente Sawmill's particular financial structure. 

The financial performance of each of the system configurations are compared using a 
consistent set of technical and financial assumptions.  Financial accounting is based on a ten-
year project operating lifetime, following a one- year construction period.  General inflation in 
Honduras is assumed to be 20 percent annually, with inflation in electricity prices following the 
same 20 percent annual rate of increase.  The Lempira is assumed to devalue at a rate of ten 
percent per year in comparison with the Dollar. 

The prices that are used for sales of surplus electricity by the sawmill to ENEE are based 
on the study team's calculation of ENEE's avoided cost of electricity generation, based on data 
provided by ENEE.  Virtually all of ENEE's current electricity supply is generated in four 
hydroelectric facilities, the largest of which, El Cajon, represents more than half of the total 
installed capacity in the country.  The cost of electricity generation in these hydroelectric facilities 
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is used to estimate the rate that ENEE might be in a position to pay for non-utility electricity 
during off-peak hours (peak and off-peak hours are defined in Section 3.5).  Table 6.1 shows the 
derivation of our avoided cost calculation for off-peak hours of 0.186 Lps/Kwh (1991 Lps).  The 
avoided cost includes a component for annual operations and maintenance, and a component for 
recovery of the capital cost of the facility.  The capital recovery factor is relatively low, given the 
long life of the facility and its use for multiple purposes.  Also, most of the avoided cost of off-peak 
electricity is contributed by the capital component, so the assumed off-peak electricity price 
escalates at only one-half of the rate of general inflation, or ten percent annually. 

TABLE 6.1:  OFF-PEAK AVOIDED COST FOR ELECTRICITY PURCHASE 
 BASED ON ENEE HYDROELECTRIC GENERATING FACILITIES 

 (mid 1991 values) 

 OPERATION AND MAINTENANCE (O&M) COST 

 1990 GWh c/kWh Lps/MWh*
 

El Cajon 1,160.9  0.05   2.82  
Rio Lindo 474.3  0.02   1.10  
Canaveral 194.3  0.23  12.13  
Nispero 86.8  0.40  21.10  

      Weighted Average O&M     0.08    4.17 

    CAPACITY COST (based on El Cajon) 

  $550 million Capital Cost--1985 
  $696 million Capital Cost--1991 (4% infl.) 
  12.5% annual Capital Cost  recovery factor 
  87 mil $/y 461 mil Lps/y 
  290 MW electricity generation capacity 

  Capacity Cost 3.42 cents/kWh 181.49 Lps/MWh 

Total O&M + 
Capacity: 

3.50 
cents/kWh 

185.65 
Lps/MWh 

  *5.3 Lps/$ currency conversion (mid 1991) 

ENEE's four hydroelectric generating facilities are capable of meeting the current peak 
demand on the national electric grid, however expected demand growth will require the utility to 
increase its available peak generating capacity by about 1993 - 1994.  The utility currently plans 
to install two 50 MW oil-fired peak generating units, one to be operational by 1994 - 1995, the 
second to be operational by 1996 - 1998.  The cost of electricity generation in these oil- fired 
units is used to estimate the rate that ENEE will pay for non-utility electricity during peak hours.  
Table 6.2 shows the derivation of our avoided cost calculation for peak hours in 1991 Lps.  The 
peak-period avoided cost is divided into two components.  The first component, the peak 
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electricity price (Lps/kWh), is for annual operations and maintenance costs including fuel costs. 
The second component, the peak capacity price (Lps/kW), is for recovery of the capital costs of 
the facility.  The peak electricity price is assumed to inflate with the rate of general inflation in 
Honduras.  The capacity price is based on a levelized ten-year payment structure assuming a 
30% cost of money.  The amount of avoided capacity (kW) credited to the facility includes both 
the amount supplied to ENEE during designated peak hours, and the amount displaced by the 
system (the current sawmill operating load) during those same peak hours. 

TABLE 6.2:  PEAK AVOIDED COST FOR ENEE ELECTRICITY PURCHASE 
 BASED ON 50 MW OIL-FIRED POWER PLANT 

 (mid 1991 values) 

Peak Hours 14 hrs/weekday (8 am-10 pm) 
 10 hrs/Saturday (noon-10 pm) 
 0 hrs/Sunday & Holidays 
    

Operation 4,028 hrs/y 181,260 MWh/y (90.0% avail.) 
 

Heat Rate 2,867 Kcal/kWh 11,377 Btu/kWh
 

Fixed O&M 1.6% /y of Capital 
Cost 

 

 300,800 $/y 1,594,240 Lps/y 
 0.17 cents/kWh 8.80 Lps/MWh 

 
Variable O&M 1,670 $/y 8,851 Lps/y 
 0.00 cents/kWh 0.05 Lps/MWh 

 
Fuel 150.9 $/Ton 20.75 $/bbl 
 3.29 $/mmbtu 

3.75 cents/kWh 
17.46 
Lps/mmbtu 
198.59 
Lps/MWh 
 

Electric Price 3.91 cents/kWh 207.43 
Lps/MWh 

  
 Capital Cost: $18.8 million ($1,992/kW)  
  Amortized over 10 years @ 30%/yr 
 

Capacity Price $644/kW-y or  Lps 3.415/kW-
y 

 
The Teupasenti sawmill site, which is a relatively small site with a peak demand below 

250 kW, purchases electricity from ENEE under Tariff price schedule B (Tarifa "B").  This tariff 
charges a flat, bundled rate for each kWh purchased, regardless of time of use or shape of 
demand curve.  The current Tarifa "B" rate is 0.4985 Lps/kWh (November, 1991).  Table 6.3 
shows the annual savings for the sawmill in reduced electric purchases from ENEE, based on the 
six optional energy system configurations.  Peak and off-peak ENEE electricity purchase 
requirements for the various system configurations are described in section 4 of this report. 
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TABLE 6.3:  TEUPASENTI ELECTRIC PURCHASE SAVINGS 
WITH WASTE ENERGY SYSTEM 

      Peak   Off-
Peak 

   Savings

Option       kWh      kWh      Lps 
    
0 240,544  22,400 131,078 
1 0  93,630  84,403 
2 0 206,854  27,961 
3  17,307 227,928   8,828 
4 0  12,582 124,805 
5 0  28,699 116,771 
6   4,155  63,001  97,600 

   0.4985 Lps/kWh, Tarifa B rate as of Nov. 1991. 
   Option O is the current situation (1990 data). 

Optional configuration numbers 2, 3, 5, and 6 include dry kilns as part of the total energy-
system package.  The dry kiln provides three different types of benefits for the sawmilling 
operation: 

� Transportation costs are reduced for all lumber that is kiln dried. 

� The unit revenues for some types of product are increased due to kiln drying. 

� Kiln drying of a portion of the number two grade lumber produced at the mill allows 
that portion of the mill's product to be reclassified as number one grade lumber, 
thus increasing its unit value. 

The calculations on page six of the Pro Forma printouts (see Appendix C) use data on 
costs, product values, and product mix supplied by the sawmill, based on their 1990 production.  
The costs are all as of May, 1991. 

The assumptions regarding operations and maintenance costs, capital costs, and system 
operating performance reflect the descriptions in Chapters 4 and 5 of this report. 

6.3  Results of Analysis for Base Configurations 

The results of the analysis on the six base-case configurations are summarized in Table 
6.4.  The full Pro Forma print outs for these configurations are included as Appendix C. 
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TABLE 6.4:  ANALYSIS RESULTS ON THE SIX BASE-CASE 
SYSTEM CONFIGURATIONS 

 Peak Only Systems  Continuous Operating 
Systems 

   No 
 Kiln 

Single 
T Kiln 

Double 
T Kiln 

   No 
 Kiln 

Single 
T Kiln 

Double
T Kiln 

  
Project NPV*, total, in mLps. 2,901 3,139  3,777   2,036  2,378 3,271 
Project NPV,* total, in m$s   498   538    648     349    470   561  
        
Total Capital Cost**in mLps. 4,788 5,605  5,871   3,764  4,582  4,847  
Total Capital Cost** in m$s   821   961  1,007     646    786    831  
        
Return on Investment, % 18% 17% 20%  15% 18% 21% 
        
Investment Payback, years 5.7 6.1 5.6  6.1 5.8 5.4 
        

*  Net present value calculated at 30% (nominal Lps) 
**The total capital cost includes both Dollar and Lempira components.  It is expressed in both 
currencies. 

The analysis shows that none of the configuratiuons yields a return on investment 
significantly greater than the assumed 20% annual rate of inflation.  This is principally due to the 
small scale of the electric generation system and the low value of the exported power, especially 
during off-peak periods. 

In developing the capital cost estimates for the six base configurations, it was assumed 
that only new equipment would be used.  In fact, sawmills in Honduras have a long and 
successful history of using used equipment, which could provide total capital cost savings of as 
much as thirty percent of total energy system cost.  Capital cost savings of this magnitude may 
increase projected returns to acceptable values, provided the useful life and required 
maintenance of the equipment are not significantly altered. 

Since the study was requested by and performed for ENEE, it did not include any 
configurations that only dried wood or that produced power only for onsite use.  The higher rates 
of return for the systems with kilns would appear to support the notion that lumber drying may be 
profitable, even if power generation is not, and the relative attractiveness of double-track over 
single-track kilns illustrates a positive economy of scale associated with wood drying.  In addition, 
the rates paid by the mill for the power it consumes are higher than those that would be offered 
by the utility for what it might export, so stand-alone generating systems, especially in conjunction 
with drying, may be more attractive to the mill operator than the ones analyzed here. 

6.4  Sensitivity Analysis on the Six Base Configurations 

Having concluded that sawmill-waste power generation for export is probably not 
profitable at Teupasenti under the assumed ENEE pricing scheme, one might wish to know at 
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what price level it might become attractive.  This would help to understand at what level of rising 
future utility costs, or at what implicit value for environmental or transmission/distribution sytem 
impacts, such a small-scale system could be profitable. 

To provide this kind of insight, the financial simulations were rerun at different assumed 
ENEE capacity and energy values to determine combinations that would result in real, inflation-
adjusted rates of return on investment greater than ten perrcent per year.  These minimum 
valuse are illustrated below in Figure 6.1. 

FIGURE 6.1:  COMBINATIONS YIELDING 10% REAL RETURN  
 ON TOTAL INVESTMENT 
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7.0  STRATEGIES FOR PROJECT IMPLEMENTATION 

As part of the case study assignment, the team investigated the steps that would be 
necessary for a sawmill cogeneration project to go forward.  Although the Teupasenti mill may 
not see an advantage to proceeding with an investment in power export capability, the outline 
below may be useful for developing other, perhaps larger, projects in the sawmill industry.; 

7.1  Steps in the Development of a Wastewood 
 Energy Project 

The next major phase in the development of a sawmill wastewood energy system, after 
completion of the level of analysis represented by this case study, is to secure the financial 
commitments that will allow project detailed design and construction to proceed.  In order for that 
to occur, the first decision that needs to be made is to choose the optimal project configuration to 
pursue.  In the case of the Teupasenti sawmill, decisions have to be made about such matters as 
how to size the energy-conversion equipment, whether to include dry kilns in an energy system 
package, whether to interconnect with ENEE, or to interconnect with or create a limited 
distribution system in locations where there is no access to the national electric grid, and whether 
to produce and market solid biomass fuels in cases where the combustion system does not use 
all of the sawmill's wastewood. 

Once a project configuration is decided upon, the next step that needs to be completed is 
a formal detailed project feasibility study suitable for the solicitation of the funding necessary for 
carrying out the project.  One of the important components of the feasibility study, in addition to 
the engineering design and analysis, is negotiating and confirming the input assumptions, such 
as the rates that ENEE will pay for purchases of surplus electricity.  Another is an environmental 
impact assessment sufficient to satisfy any government permit or approval requirements. 

The completed feasibility study is used for three major purposes.  The first is as an 
important planning tool for the project developer.  The second purpose is to solicit funding 
commitments from the various entities that finance projects of this type.  The third purpose is to 
further the process of negotiating the governmental agreements that will be necessary to 
guarantee that the currency conversions necessary for project construction and operation will be 
able to be made.  These latter arrangements will be administered by the Banco Central de 
Honduras, with the cooperation of the Ministerio de Economía y Comercio, and ENEE.  In the 
course of preparing this case study report, the project team met with officials of each of these 
organizations in an introductory and informational meeting.  Each expressed interest and verbal 
support for the concept of the project, and pledged to work with the project developer to develop 
the necessary agreements. 

Concurrent with the negotiations for funding and currency commitments, the feasibility 
study is used to solicit funding commitments from potential sources of debt and equity financing.  
Most lenders will require the feasibility study, along with governmental and commercial bank 
certifications on behalf of the project.  Figure 7.1 shows the major sequence of events that 
typically occur in the course of energy system project development. 
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FIGURE 7.1:  MILESTONES IN THE DEVELOPMENT 
 OF ENERGY PROJECTS 

 
Formulation of Initial Project Concept 
 
Detailed Feasibility Study, Including Preliminary Engineering 
 
Negotiation of Major Documents 
 
 �  Financing Agreements with Lenders, Investors 
 �  Currency Exchange and Legal Agreements with Banco Central 
 �  Energy Sales Agreement with ENEE, Cooperatives, or Solid Fuels 
Customers 
 
Financial Closing 
 
Detailed Design and Construction 
 
Facility Commissioning 
 
Project Operation 
 

7.2  The Feasibility Study 

Sections 2 through 6 of this report follow the general organization that is appropriate for a 
feasibility study.  The feasibility study should include a description of the project and its capital 
cost, financial projections, and a consideration of the project's environmental impacts.  The major 
difference between the material contained in this report and a formal feasibility study is that a 
formal feasibility study would focus on an already selected project configuration (selected during 
the course of the feasibility analysis), rather than presenting detailed information on all of the 
optional configurations considered in the course of selecting one for implementation. 

A complete project feasibility study should include engineering design, project financial 
analysis and projections, a schedule and timeline for project development and completion, a 
description of the sawmill's future raw material supply, and of the future markets for the sawmill's 
product output.  Financing sources need to feel confident in the long-term viability of the host 
site's overall operation, as well as in the profitability of the proposed energy system investment 
itself. 

The system designs presented in this case-study are designed specifically for the 
Teupasenti sawmill site.  While a waste energy system for any sawmill operation probably will 
include the same basic components, the specific design and estimated cost of these systems has 
to be developed with a thorough understanding of the conditions prevailing at the specific sawmill 
site and the impact that these conditions will have on the choice of equipment to be included.  
The most important conditions to be considered include: 

• Total energy consumption of the facility, as well as the demand profile of the facility and 
the quality of service required to provide acceptable operation of the facility. 

• Quantity, quality, and production profile of the waste produced by the facility that can be 
used as fuel for the waste energy system. 
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• Technical support services available at the facility or readily available from contractors 
and equipment suppliers in the area.  This will have a significant impact on the type of 
equipment that should be included in the component systems. 

• Impact of kiln drying on quality and value of lumber produced and on the cost of 
transporting lumber to markets. 

• Soil, water quality and availability, air quality, and other site environmental conditions. 

• Construction conditions and construction methods that are currently practiced at the 
facility. 

• Current and projected cost of operating and construction labor. 

• Current and projected environmental regulations and permit requirements. 

Evaluation of these conditions can have a significant impact on the selection of 
equipment and system configuration that is most suitable for a specific waste energy system and 
should be completed with the assistance of individuals who are experienced in the design, 
operation, and maintenance of these systems. 

Once a reasonable set of potential project configurations has been developed, the next 
step is to perform financial analyses in order to select the optimal system configuration from the 
perspective of project financial performance.  This type of analysis typically is done by developing 
a pro forma financial projection model like the one used in this case study, using a computer 
spreadsheet program.  pro forma models vary greatly with regard to the level of detail included in 
the model.  The most important considerations are that the model accurately translate the 
technical and other input variables into a reliable projection of annual cash flows, and that the 
financial assumptions be realistic and reflective of changing market conditions. The analyses 
should focus on investment performance, because of the capital- intensive nature of projects of 
this type. 

7.3  Potential Sources of Financing 

Wood energy projects are capital intensive.  For this reason, the funding package that is 
assembled for the financing of this project will have a major influence on its success. 

Slightly more than half of the total capital cost of a project like the one considered in the 
case study will require hard currency, while the rest of the costs will be incurred in-country and 
can be paid in Lempiras.  Project funds that are lent or invested in the form of hard currency will 
require hard currency repayment or premiums, while contributions towards debt or equity made in 
Lempiras can be compensated with Lempiras. 

Acting alone, individual commercial banks in Honduras rarely are able make loans in 
excess of 1,000,000 Lempiras (approx. US $200,000 equivalent), which is well below the amount 
that will be needed for most wastewood energy systems at Honduran sawmills.  Larger 
commercial loans in Honduras have to be syndicated by the Central Bank (Banco Central de 
Honduras), and require the participation of a group of commercial banks as well as the Central 
Bank. 



 

Page 34 

There are two major options available to developers of wastewood energy systems in 
Honduras for the procurement of the hard currency funds needed for the development of their 
projects.  The first is to procure all of the necessary funds for the project in the form of Lempiras, 
and then to exchange as much as necessary in order to cover the hard currency costs of the 
systems. The second option is to secure the hard currency funds directly from sources outside of 
Honduras.  While it is difficult to obtain large amounts of Lempira funds in Honduras, it is even 
more difficult to obtain access to hard currency from within the Country.  All purchases of hard 
currency with domestic funds are handled by the Central Bank, which has the responsibility for 
allocating access to scarce hard currency funds for all of the competing demands in the Country. 

After extensive discussions with officials from the Central Bank, the Ministerio de 
Economía Y Comercio, private commercial banks, and professional accountants in Honduras, the 
study team noted a strong and virtually unanimous preference for project developers to procure 
the necessary amounts of hard currency funds from international sources.  The Central Bank 
expressed support for this kind of project and a willingness to work with developers to provide the 
necessary access to currency exchange for the servicing of international funds.  Access to such 
funds over a period of time is far easier than in the form of a lump sum of the hard currency at the 
time of construction.  This is especially so if savings in national hard currency requirements 
resulting from the project accrue over an extended period of time, as they would be, for example, 
through decreased imports of petroleum products or through improved access to export markets 
for kiln dried wood products 

If hard currency funds are obtained from outside of Honduras, it will be necessary to 
secure Central Bank guarantees for the on-going conversion of the necessary amounts of 
Lempiras to hard currency over the course of project operations for the payment of debt service 
and equity premiums.  For investments in wastewood energy systems in Honduras, the most 
promising sources of hard currency funds that have been identified in the course of this project 
are: 

• CBI/936 Program (Caribbean Basin Initiative) 

• Private venture capital sources, especially ones with energy or environmental mandates 

• World Bank, Inter-American Development Bank (IDB)  

• U.S. public sources (Ex-Im Bank, OPIC) 

The CBI/936 Financing Program is a source of tax exempt Dollar funds that are available 
at low interest rates for a variety of types of development projects in eligible Caribbean Basin 
Initiative (CBI) countries (Honduras recently became eligible).  The 936 funds are profits 
deposited in Puerto Rican banks by subsidiaries of U.S. corporations operating in Puerto Rico, 
where they have been an important catalyst in private- sector industrialization.  The funds, which 
can now be used in Honduras without compromising their tax-exempt status, represent a source 
of loans at one or two percentage points below US market rates.  The funds belong to private 
corporations and are usually administered through private commercial banks in Puerto Rico and 
their affiliates in other countries like Honduras.  For more information on the 936 Program, 
contact Carlos Perez, Economic Development Administration, Caribbean Development Program, 
San Juan, Puerto Rico 00936, phone (809) 766-0629. 
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Some private venture capital sources in the U.S. specialize in renewable energy and 
environmental projects.  An example is the Environmental Enterprises Assistance Fund (EEAF).  
EEAF is a private, non- profit investment corporation dedicated to renewable energy projects in 
developing countries.  EEAF facilitates projects by taking relatively small positions without 
requiring the same level of risk premium that may be demanded by a for-profit investor.  Ways in 
which Environmental Enterprises could participate in projects in Honduras or other developing 
countries include providing equity or various forms of credit enhancement.  For more information 
on the EEAF, contact Helen Chaikovsky, Environmental Enterprises Assistance Fund, 1611 N. 
Kent St., Arlington, VA 22209, phone (703) 522-5928. 

The World Bank and Inter-American Development Bank each have private affiliates that 
can make loans to private-sector projects of the type under consideration here.  The International 
Finance Corporation (IFC), which is affiliated with the World Bank, tends to have a lower 
threshold for project size on the order of five million dollars, too large for most wastewood energy 
projects in Honduras.  The Interamerican Investment Corporation (IIC), which is affiliated with the 
IDB, has a lower project size threshold on the order of one million dollars.  Thus the IIC is a 
potential funder worth pursuing for the funding of larger wastewood energy projects in Honduras.  
For more information on the IIC, contact Benjamin Vietes, Interamerican Investment Corp., 1300 
New York Avenue, Washington, D.C. 20577, phone (202) 623-3900. 

The U.S. Export-Import Bank makes loans to support overseas purchases of U.S. 
equipment.  The Ex-Im Bank could provide favorable loans to projects that purchase major 
pieces of U.S.-made equipment like turbine-generators.  The Overseas Private Investment 
Corporation (OPIC) is an agency set up to provide insurance and financing for overseas projects 
in which U.S. investors are involved.  OPIC could be a source of funding for some sawmill 
wastewood energy projects in Honduras, depending on the ownership structure representing the 
project. 

The most promising sources of Lempira funds that have been identified as potential 
funding sources for the Teupasenti energy project are: 

• Banco Centro Americano de Integración Economica (BCIE) 

• Enterprise for the Americas Initiative (EAI) 

• Conventional Honduran banks 

• Private Honduran investors 

The BCIE, which is headquartered in Tegucigalpa, has a loan program called Programa 
Centroamericano de Reactivación Industrial (PCRI).  The PCRI program provides loans to private 
sector industrial manufacturers for equipment upgrading and facility modernization, for which 
sawmill wastewood energy systems are an excellent fit.  All lending is done through commercial 
banks, with funds provided in Lempiras.  PCRI funds loaned for fixed assets are available for a 
ten-year term, with a four-year, interest-only grace period, at rates below those charged by 
commercial banks on conventional loans in Honduras.  For more information on the BCIE, 
contact Horacio Porras Calderon, Banco Centro Americano de Integración Economica, Apartado 
Postal 772, Tegucigalpa, Honduras, phone 37 2230. 
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The Enterprise for the Americas Initiative (EAI) is a program that has been proposed in 
the U.S. congress but not yet passed for application in Honduras. The EAI involves complex 
debt-for-equity swaps, which would simultaneously retire government-to-government Honduran 
debt, and provide Lempira funds for qualifying projects. The legislative uncertainty surrounding 
this program, combined with the fact that in October the U.S. government forgave nearly all of the 
existing government-to-government debt held by Honduras, makes this a questionable source of 
funds for this project.  It is recommended, however, that this program continue to be monitored. 

Private commercial banks in Honduras could be a source of conventional Lempira debt 
funds for wastewood energy projects. These funds are fairly expensive and require a large 
amount of credit enhancement, so other funds should be secured to the extent possible. 

In summary, it would be difficult to obtain the rights to exchange all of the Lempiras 
necessary to cover the hard currency components of a wastewood energy systems, and 
conventional commercial credit is expensive and difficult to obtain in Honduras.  A variety of 
sources are available for both the hard-currency and Lempira requirements of a project, however. 

7.4  Activities Required for Implementation 
 After Funding 

Once funding commitments have been secured for the project, all of the necessary 
agreements have been agreed to, and all contingencies have been removed, the project can 
begin the EPC (engineering, procurement, and construction) process.  EPC should take about 
one year, following which the system will be placed into service. 
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8.0  CONCLUSION 

This case study addresses in detail the technical and economic feasibility of a 
wastewood energy system at the Maderas de Oriente sawmill in Teupasenti, Honduras.  This 
study follows an industry overview assessment of the potential for generation of energy from 
sawmill wastes in Honduras, completed by Winrock International and published by U.S.A.I.D. in 
April, 1991.  The overview assessment revealed that, for a significant proportion of the Honduran 
sawmill industry, investments in wood energy systems would be profitable, and would provide 
other benefits for sawmill operations, nearby rural communities, and the country of Honduras as 
a whole.  Thus, while this case study analyzes the feasibility of investing in a wastewood energy 
system at a specific sawmill, it provides a methodology for use by other sawmills to analyze the 
feasibility of wastewood energy systems at their particular sites. 

For the purposes of this case study, six different energy system configurations were 
defined, analyzed, and compared.  Four of the configurations include dry kilns as part of the 
energy system package, with two different kiln designs considered.  Three of the configurations 
are designed for operation during peak hours only (peak hours are defined with respect to the 
utility electric system), the other three are designed for continuous operation with electrical output 
maximized during peak hours.  All of the configurations include sales of surplus electricity to 
ENEE, since the sawmill is already connected to the national electricity grid. 

The results of the analysis indicate that none of the six base configurations can meet 
minimally acceptable investment performance criteria.  The outlook might be better at a larger 
mill, under higher prices for electric power sold to ENEE, or for a stand-alone system designed 
only for lumber drying and power generation exclusively for onsite use. 
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APPENDIX A: 
Cogeneration System and Drying Kiln 

Design Drawings 

APPENDIX B1: 
Detailed Cogeneration System Costs 

APPENDIX B2: 
Capital Cost Currency Breakdown 

APPENDIX C1: 
Detailed Economic Simulation 

 Option I 
Peaking System Without Kiln 

APPENDIX C2: 
Detailed Economic Simulaton 

 Option II 
 Peaking System With Single Track Kiln 

APPENDIX C3: 
Detailed Economic Simulation 

 Option III 
 Peaking System With Double Track Kiln 

APPENDIX C4: 
Detailed Economic Simulation 

 Option IV 
 Baseload System Without Kiln 

APPENDIX C5: 
Detailed Economic Simulation 

 Option V 
 Baseload System With Single Track Kiln 
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APPENDIX C6: 
Detailed Economic Simulation 

 Option VI 
 Baseload System With Double Track Kiln 

 


