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Executive Summary:  
This project will research torrefaction and densification of biomass feedstocks to develop an efficient and 
economical biomass supply chain. The approach is to develop and optimize a torrefaction and densification 
regime that will improve storage capabilities, handling methods and biomass feedstock uniformity for the 
production of renewable baseload electricity. The project is designed to support the following goals: 
 

 Goal 1: Generate electricity, heat or syngas from renewable biomass energy sources that are readily 
available in Minnesota and approaching economic feasibility 

 Goal 2: Strengthen the economy of rural Minnesota through value-added processes that capture 
renewable biomass energy production capability  

 Goal 3: Increase accessibility to information that facilitates the adoption of biomass technologies to 
generate electricity and reduce fossil fuel use 

 
The main work activity that was conducted for Milestone 6 consists of completing the economic analysis, 
PR&D, designing and fabricating upgraded torrefaction equipment, and completing the biomass harvest for 
the second harvest season. Additionally, this milestone completed the optimization of the torrefaction 
regime for the larger scale pilot plant production. Milestone 6 addresses the project goals in the following 
ways: 
 

 Upgrading the existing pilot plant from our prior production run to improve the overall biomass 
conversion process. 

 Confirmation and dissemination of refined economics to produce biocoal via extended 
understanding of the process capital equipment costs, utility expenses, maintenance, and associated 
overhead costs of production.   

 Developing a firm understanding of how a torrefaction and densification production plant could 
support existing rural industrial activities, such as corn ethanol plants, via co-location opportunities. 

 Improve raw biomass harvest techniques via in-field densification of the corn stover to improve the 
overall biomass supply chain economics. 
 



 
 

 

The project continued with work on Milestone 6, 7, 8 and 9 during the months of mid-April through mid-
August 2010. After the 25 ton production run was completed in early March 2010, the team turned its 
attention to post-processing the biocoal samples for the upcoming Milestone 7 report. Additionally, the 
team successfully completed the industrial scale 10% and 30% stoker grate co-firing trials at District Energy. 
The team is now working on analyzing the final emission test reports for the Milestone 8 Report. Finally, the 
team continued to coordinate a gasification trial as a part of the Milestone 9 Report.  
 
2009 Biomass Harvest: 5 Tons – Ames, Iowa: Iowa State University 
(Summary Submitted by Dr. Stuart Birrell, Iowa State University) 

A single-pass prototype direct bale harvesting system, similar to the Glenvar Bale Direct system shown in 
Figure 2, was utilized to harvest 5 tons of corn stover. In 2009, average field grain yield was 200 bu/acre 
(Pioneer Hybrid 33W84), with a grain moisture content of 21 to 22 percent. The nominal harvest cut height 
was 18 inches for both the bulk single pass harvest system and direct bale biomass harvest system. The 
average stover yield at this cut height was 2.5 tons/acre (dry basis) and the stover moisture content was 30% 
(wet basis). The average dry bulk density for the bulk harvested biomass was 2 lb/ft3. The single-pass 
prototype direct bale harvesting system provided large square bales with an average dry bulk density of 10 
lb/ft3. 

In 2009, the harvest capacity of the John Deere 9750 STS bulk single pass biomass harvest system, single-
pass prototype direct bale harvesting system and conventional grain only harvest were compared in the same 
field. In 2009, the John Deere 9750 STS bulk single pass biomass harvest system capacity was reduced 25% 
compared to conventional grain only harvest. Therefore, during biomass harvest the capacity for the bulk 
harvest system was approximately 75% of normal grain harvest capacity. For the single-pass prototype direct 
bale harvesting system, there was a further 15% reduction in harvest capacity, and the single-pass prototype 
direct bale harvesting system was approximately 60% of normal grain harvest capacity. 
 

 

Glenvar Direct Bale system similar in concept to the  
prototype direct bale system utilized for this project.  

(http://www.glenvarbaledirect.com.au/content/gallery) 



 
 

 

Economic Analysis of Transportation Logistics  

An economic analysis of estimated production, harvest and transportation costs was conducted based on 
the 2008 harvest in Olivia MN, and 2009 harvest in Ames, IA. The cost analysis was conducted assuming a 
grain yield of 175 bu/acre and stover yield of 2 ton/acre for a 1500 acre farm. The analysis included 
ownership costs (capital costs, insurance, storage and interest costs) and all operating costs (repair and 
maintenance, fuel, lubrication, and labor costs) based on ASAE EP496.2 and ASAE D497.4 standards. In 
addition, the harvest window was limited to 2 months. If harvest duration was greater than 2 months, 
additional units were added to the operation to ensure harvest was completed with two months. In addition, 
based on estimated time and motion studies, the capacity of all transportation operations for grain and 
stover were forced to be at least 80% of the estimated combine capacity.  

In 2009, the total harvest and transportation costs were estimated for several cases, including; 1) 
conventional grain harvest utilizing a standard class 7 combine referred to as the “Conventional System” 
from here onward, 2) corn stover harvesting with a bulk single pass biomass harvest system referred to as 
the “Bulk System”, and 3) a single-pass prototype direct bale harvesting system referred to as the “Baled 
System”.  The transportation logistics for the Bulk System assumed direct loading of bulk corn stover into 
trucks directly from the combine in the field, as was carried out for the 2008 harvest. The transportation 
logistics for the Baled System assumed the use of a tractor drawn Buhler Farm King square bale carrier, for 
field collection, and a 53 ft flatbed semi-trailer for road transportation as was carried out for the 2009 
harvest.  

Overall, the capacity for the Bulk System was approximately 75% of the normal grain harvest capacity of the 
Conventional System, while the Baled System harvest capacity was 60% of normal grain harvest capacity as 
seen within the Conventional System. Corn stover bulk densities of 2 lb/ft3 and 10 lb/ft3 were seen for the 
Bulk and Baled Systems respectively. This information was used to analyze the two systems. The cost of 
crop production was estimated to be $713.42/acre, including all machinery and production costs prior to 
harvest excluding additional fertilizer costs related to stover removal, which was estimated to be $21/ton 
(2009 N, P, K prices). The total harvest and transportation costs (excluding timeliness costs) for 
conventional grain harvest was $43.03/ac for Conventional Systems.  

Harvest and transportation costs for the Bulk System were $31.56/ton without timeliness costs and 
$35.29/ton with timeliness costs. Harvest and transportation costs for the Baled System were $35.79/ton 
without timeliness costs and $44.19/ton with timeliness costs. Although the Baled System significantly 
reduces the number of semi-trucks required for transportation due to the higher density of the corn stover, 
the return on the additional harvest costs are only realized when longer transportation distances are 
required. The increased cost for the Baled System was a result of the high cost of the large square baler 
attached to the combine ($125,000 per unit) when compared to the estimated cost of the Bulk System 
attachment ($50,000 per unit). In addition, the 15% decrease in combine capacity for the Baled System has a 
significant effect on overall combine operational costs. A major benefit of the Baled System, are the reduced 
labor requirements, which require a total of 5 operators (1 combine, 2 tractor drivers and 2 truck drivers) 
compared to a total of 9 operators (1 combine, 1 tractor driver and 7 truck drivers) for the Bulk System.  

The effect of transportation distance on cost for the Bulk System at two densities (2 and 4 lbs/ft3) and Baled 
System (bale density, 10 lbs/ft3) were analyzed. As expected, the cost of the Bulk System is lower for the 
shorter transportation distances and increases substantially as transportation distance increases due to the 
low density of the corn stover. The Baled System has higher costs for the shorter haul distance, since the 



 
 

 

significant investment is in the large square baler and square bale carrier for field collection and is not offset 
by the lower transportation costs, due to the reduced number of semi-trucks required to transport the corn 
stover. However, change in overall costs for the Baled System with distance is very low, since the density of 
the corn stover was increased by a factor of around 5 resulting in fewer trucks required and therefore, the 
increase in cost was primarily due to the additional fuel used. The Baled System became more economical 
than the Bulk System when transportation distances were greater than 10 miles if timeliness costs are 
excluded and 15 miles if timeliness costs are included. However, if the bulk density of the Bulk System 
could be doubled to 4 lb/ft3, then this system would remain the lower cost system up to 30 miles.  

 



 
 

 

Biomass Harvest: Results and Conclusions 

In 2009, the capacity for the Bulk System was approximately 75% of normal grain harvest capacity as seen 
in typical Conventional Systems. For the Baled System, harvest capacity was 60% of normal grain harvest 
capacity, with stover bulk densities of 2 lb/ft3 and square bale densities of 10 lb/ft3, respectively for the two 
systems. 

The estimated harvest and transportation costs per ton of biomass ranged from $28-$63 per ton (excluding 
timeliness costs), for Bulk System, and $35-$38 (excluding timeliness costs) per ton for the Baled System. 
These results show that it would be possible to maintain harvest and transportation costs to less than $40 
per ton to a processing facility up to 30 miles. While the Bulk System cost was lower than the Baled System 
for short transportation systems, the Baled System allows decoupling of the grain harvest and stover 
transportation logistics and reduces labor requirements. This results in significant advantages during harvest, 
and therefore the Baled System may be the preferred system even if costs are slightly higher. The challenge, 
however, will be storage of the high moisture content bales over long periods of time. 

Process Research & Development (PR&D)  
 
During the 5 ton demonstration run in June 2009, the team was able to learn about our existing continuous-
phase biomass torrefaction and densification pilot plant. Leveraging these experiences, the team planned the 
pilot plant upgrades during the months of October – November 2009 to allow the 25 ton demonstration 
run to run as smoothly as possible. These upgrades included new features that allowed the pilot plant to 
more accurately feed the raw biomass into the plant, densify the torrefied biomass, and collect and 
subsequently combust the volatiles from the process.  
 
For example, the team designed a sub-system that utilized the volatiles. However, the interface between the 
torrefaction reactor and this sub-system, while effective, was not as simple as it could have been for our first 
production run. The team determined if and/or how the interface could be redesigned and reconfigured to 
make the system simpler, making it easier to operate and less prone to maintenance issues. The team 
determined that it could eliminate several of the components and still obtain the same operating conditions. 
This solution was implemented; testing was conducted and was a part of the upgraded pilot plant that 
completed the second demonstration run. This upgrade proved to be successful. 
 
Another example of a modification/upgrade was the design and implementation of a new compaction 
feedscrew for the densification portion of the pilot plant. We determined that the compression ratio and 
required torque on this feed screw was too great during the prior five ton run to operate efficiently for the 
duration of the second longer demonstration run. Therefore, a modified feed screw with a larger feed screw 
motor was designed, built/purchased and installed in the pilot plant. This modification proved to be very 
effective for the smooth operation of the pilot plant. The team, as a result of the upgrade, was able to make 
more consistent product with fewer manual adjustments during the operation of the pilot plant.  
 
Through the operation and subsequent reflection on lessons learned and improvements to be made, the 
team has proven the feasibility and scalability of the designed biomass torrefaction and densification process 
technology. While further systems integration and process controls remain open for further upgrades on the 
existing pilot plant, the team is pleased with the design and subsequent operation of the pilot plant that was 
a direct result of the process research and development conducted over the past two and a half years.  
 



 
 

 

Co-Location Analysis: University of Minnesota, Twin Cities  
(Submitted by Dr. Vance Morey, Malladurai Kaliyan, and Douglas Tiffany) 
 
This section of the report presents an overview of the technical and economic aspects of co-locating and 
integrating a torrefaction plant with an existing corn ethanol plant, including a corn stover supply logistics 
system to supply corn stover year around to the torrefaction plant. Co-location of a torrefaction plant 
processing 33.4 ton of corn stover per hour (150,000 tons/year of biocoal) at 17% (wet basis) moisture 
content with a natural gas-fueled and a coal-fueled dry-grind corn ethanol plants producing 50 million gallon 
of ethanol per year is analyzed. The co-location is designed such that the useable excess heat from the 
torrefaction plant (95.95 MMBtu/h) is converted to steam at the torrefaction plant before it is sent to the 
ethanol plant to meet a part of the process steam needs. With this design, a combined heat and power 
(CHP) system (back pressure steam turbine) is installed at the torrefaction plant to convert the waste-heat 
derived steam into electricity and process steam. Then, both the electricity and process steam are sent to the 
ethanol plant as shown in the graphic below. 
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Modeled results show that the excess heat (95.95 MMBtu/h) from a 33.4 ton/h torrefaction plant can meet 
about 67% of the process steam needs (excluding the co-products dryer heat demand) of the natural gas-
fueled ethanol plant. Alternatively, 76% of electricity demand and 58% of process steam demand (excluding 
the co-products dryer heat demand) of the natural gas-fueled ethanol plant could be met by installing a 
combined heat and power (CHP) system. The life-cycle greenhouse gas (GHG) analyses showed that using 
process steam alone or process steam and electricity generated from waste heat at the torrefaction plant can 
reduce the GHG emissions for corn ethanol (natural-gas fueled ethanol plant) compared to gasoline by 50% 
or higher (although this life-cycle GHG analysis did not include indirect land use change effects that may be 
associated with corn production). 
 
The excess heat (95.95 MMBtu/h) from a 33.4 ton/h torrefaction plant can meet about 37% of the total 
steam (process and co-products dryer) energy demand of the coal-fueled ethanol plant. Additionally, co-
firing 10% or 30% of biocoal with coal at the coal-fueled ethanol plant can meet 47% or 67% of total steam 
energy demand of the coal-fueled ethanol plant, respectively. Use of the above energy sources (i.e., excess 
heat and biocoal) from the co-located torrefaction plant to produce steam for the coal-fueled ethanol plant, 
the life-cycle GHG emissions for corn ethanol could be reduced by more than 20% compared to gasoline. 



 
 

 

Installing a CHP system with the excess heat from the torrefaction plant and producing steam by co-firing 
30% of biocoal at the ethanol plant could meet 63% of electricity demand and 61% of the total steam 
demand of the coal-fueled ethanol plant. This co-location configuration resulted in about 50% reduction of 
the life-cycle GHG emissions for corn ethanol (coal-fueled ethanol plant) compared to gasoline. 
 
Economic analyses reveal that the annual revenue to the torrefaction plant produced by selling the steam to 
the natural-gas fueled ethanol plant would be $3.04 million to $6.08 million, since the price of natural gas 
ranges from $4 to $8 per dekatherm. Similarly, the natural-gas fueled and coal-fueled corn ethanol plants 
could generate some revenue by supplying carbon dioxide gas recovered from the fermentation process to 
use as an inert gas needed by the torrefaction plant (worth $0.106 million to $0.211 million/year), and a 
carbon mitigation credit by using process steam or electricity plus process steam produced from the biomass 
torrefaction plant (worth from $0.56 million to $4.13 million/year). 
 
A “field-to-facility” corn stover logistics system is proposed to deliver corn stover to the torrefaction plant 
year around. The logistics system includes collection and transport of round net-wrapped bales to local 
storage sites within 3.2 km (2 miles) of the field during the fall harvest period. This stage is followed by 
processing at the local storage sites throughout the year using mobile units, which convert the bales to bulk 
material by tub-grinding and roll-press compaction to 240 kg/m3 (15 lb/ft3) to achieve 22.7 t (25 ton) loads 
for truck delivery to the torrefaction plant within a 48 km (30 mile) radius. The total cost and life-cycle fossil 
energy expenditure for delivering densified corn stover are $79.79/t ($72.38/ton) and 924 MJ/t, 
respectively. The life-cycle GHG emission for corn stover logistics and combustion is 112 kg CO2e/t. 
 
Economic Analysis 
 
We have completed the next level of detail surrounding our commercial scale economic analysis. 
Specifically, the team has reviewed the commercial scale process flow diagram and has broken out each flow 
such that a more detailed mass and energy balance could be produced. The updated and more detailed mass 
and energy balances for the commercial scale plant will be included in the Milestone 7 Report.  
 
With this greater detail, an external quoting process was conducted for non-Bepex specific equipment, 
which provided more accurate capital, operating (electricity, etc.) and maintenance expense estimates. While 
this effort took a considerable amount of time to complete, we believe it was required to more fully 
understand the potential costs to build a commercial scale facility as a result of the demonstration effort that 
was conducted.  
 
Based on the analysis, the team determined that a turn-key commercial scale (150,000 tons/year) biocoal 
production facility would cost approximately $34.2 million USD if construction began in early 2013. This 
estimate does not include the site itself (real estate), any site-specific infrastructure or remediation efforts 
(rail, truck weight stations, raw biomass handling (fuel yard), storage, brownfield site, etc.), and any initial 
size reduction equipment for the raw biomass prior to entering the biocoal production facility. The team 
assumed that the raw biomass would enter the production facility at “an optimal particle size” for 
subsequent processing. 
 
The team, due to the large variability of raw biomass feedstocks available for this process, opted to keep the 
analysis as general as possible to increase the usability of the information for other feedstocks of interest. 
Said another way, since each feedstock comes in different shapes, sizes, ease of grindability, and moisture, 



 
 

 

the capital equipment, maintenance and utility costs will also change accordingly.  Therefore, to ensure as 
wide an audience as possible this unit operation is not reflected in the economic analysis results that follow. 
Instead, for each feedstock of interest, a unique analysis would be conducted and added to the information 
presented in this report for the size reduction step prior to introduction into the biocoal production facility.  
 
The following assumptions were used in the subsequent economic analysis 
 

●  Biocoal plant size: 150,000 tons/year 
●  Moisture content of raw corn stover: 17% 
●  Co-Located with an existing corn ethanol plant to sell excess heat at natural gas prices. 
●  Mass of corn stover required per year: 275,284 tons of corn stover (as received) required/year 
●  Excess useable heat from biocoal plant: 95.95 mmbtu/hour (85% Conversion Efficiency) 
●  Price of corn stover delivered to biocoal plant: $72.38 USD/Ton (as received) 
●  Price/value of natural gas: $4.00 USD/mmbtu 
●  Price of electricity: $0.065/kw-h 
●  Capital structure of commercial scale plant: 60% Debt & 40% Equity 
●  Interest Rate on Debt: 7.0% 
●  Required IRR on Equity: 18% 
●  Tax Rate: 35% 
●  Depreciation: 30 Year Balance of Plant (Straight Line), 15 Year Basic Equipment (Straight Line) 
●  Terminal Value Growth Rate: 4% (11th Year) 

 
Based on the turn-key commercial scale plant costs and preceding assumptions, the per ton biocoal 
production cost estimates for a 150,000 ton/year biocoal production plant were determined and are 
provided below. The cost of production for one ton of biocoal came out to approximately $22.38 or $1.27 
mmbtu. Including the raw feedstock costs, assuming an incoming price of $72.38/ton, the total cost per ton 
moves to $155.31 as the cost of raw feedstock per ton due to moisture and mass loss during the torrefaction 
process (34.4%) is equal to $132.93/ton of biocoal. ($72.38 / (1 – 0.17)) / (1 – 0.344) = $132.93. Including 
financing costs (interest and required return to equity investors), and taxes the final price FOB at the plant 
on a per ton basis comes to $162.30/ton.  
 

Biocoal Production Costs

% USD / Ton
0.0% $                  Raw Feedstock

21.7% $            4.85 Utilities
20.1% $            4.50 Salaries & Benefits
4.5% $            1.00 General & Admin.

14.3% $            3.20 Main. Expense
39.5% $            8.83 Depreciation
100.0% $          22.38 Costs

$          1.27 mmbtu
 

 
There are differences between the preliminary economic analysis presented in Milestone 2 and here. Some 
of these differences come from how the economic model has been set up, changes in commercial scale 
(135,000 tons/year in Milestone 2 to 150,000 in Milestone 6), changes in assumptions (interest rates, capital 



 
 

 

structure, ROE, natural gas pricing, etc.) and expanded knowledge of the required infrastructure, equipment 
and utilities required to effectively set up a proposed commercial scale biocoal production plant. A 
comparative common sized income statement has been prepared and provided below which can be directly 
compared with the one presented in Milestone 2.  
 

 
 
As we moved through the development process it became clear that initial size reduction of the biomass for 
subsequent processing at the biocoal plant will be a significant portion of the capex and ongoing operational 
and maintenance expense at the plant. While these costs were estimated and included in the original 
Milestone 2 projections this expense has been left out of this analysis due to the wide variation in expected 
costs that could be incurred as biomass feedstocks change (wood vs. corn stover, etc.).  
 
Additionally, the Milestone 2 projections included the capital and operating costs of trucks to haul corn 
stover to the biocoal plant whereas in Milestone 6 we rolled all of these costs into the price of the biomass 
feedstock as it is delivered to the biocoal plant gate to more effectively reflect how the plant would operate 
in a real world scenario. This can be seen in the dramatically lower Utilities expense line in Cost of Sales 
from Milestone 2 to Milestone 6 where diesel fuel for trucking made up a good percentage of this item. 
 
From a process perspective, we have developed a process flow diagram that utilizes the torrefaction gases to 
drive the process heating requirements of the biocoal plant while at the same time is generating the required 
inert gas requirements of the process itself. Our expanded thoughts on this topic have also driven our inert 
gas (Utilities) requirements to be lower in Milestone 6 than in Milestone 2. Also, since we rolled the costs of 
obtaining and transporting the biomass feedstock into the “Biomass Feedstock” line item it grew in size 
relative to Milestone 2 – which had a corresponding counter impact on lowering many of the other line 



 
 

 

items in the common sized income statement. Also, the cost of delivered biomass increased due to 
expanded knowledge of the true costs – which further reduced, on a percentage basis, the various line items 
in the common sized income statement.  
 
Another item that changed was how we set up our economic model. In Milestone 2 we worked with a one 
year pro-forma financial statement broken out on a monthly basis whereas in Milestone 6 we worked with a 
10 year pro-forma with an 11th year terminal value calculation to determine long term internal rate of return. 
We felt it important to extend the term of the projections to obtain a better understanding of the overall 
economics.  
 
In the Milestone 2 effort we assumed that the depreciable life (economic value) of the basic equipment 
package and balance of plant were the same at 15 years. However, in the Milestone 6 report we broke out 
the depreciable life for the basic equipment package and the balance of plant separately (basic equipment: 15 
years, balance of plant: 30 years) to more accurately reflect the true economics of the plant.  
 
Similarly, we increased the expected equity within the plant capital structure to 40% and increased the debt 
interest rate to 7.0%. Also, we lowered the price of natural gas from $6.00/mmbtu in Milestone 2 to 
$4.00/mmbtu in Milestone 6 to more accurately reflect current pricing trends. Finally, we “drove” our 
economic model in Milestone 2 to hit a net income margin of 4.5% whereas in Milestone 6 we drove our 
economic model to obtain an internal rate of return of 18% for equity investors – which drove up the 
required net income margin to 6.5% from the original 4.5% in Milestone 2. 
 
A detailed discussion of the co-firing economics based on a commercial scale biocoal production plant will 
be included as a part of the Milestone 9 report to include estimates of carbon dioxide reductions, emission 
reductions (NOX, and SO2), sensitivity analysis, and the potential impact to the final cost of delivered 
electricity on a dollar per kw-h basis with and without a price for carbon (USD/Ton CO2e).  
 
Milestones:  
We are currently working on Milestones 7, 8 and 9.  
 
Milestone 7 consists of completing the process flow diagrams with mass and energy balances of the 
demonstration and providing a sample of torrefied product to RDF administration. Additionally, this 
milestone consists of demonstrating the torrefaction process to RDF administration. 
 
Milestone 8 consists of conducting a second bulk storage and transportation test sequence, and conducting 
independent co-firing test burns and emission tests at an industrial scale while demonstrating the test burns 
to RDF administration. 
 
Milestone 9 consists of conducting a test gasification with biocoal to collect stack emissions profiles while 
demonstrating the test gasification to RDF administration. Also, it consists of completing the feasibility and 
economic analysis. 
 
Project Status:  
 
The project has successfully completed the requirements for Milestone 6. The team has also completed a 
more detailed commercial-scale process flow diagram with associated mass and energy balances for our 



 
 

 

Milestone 7 Report. The team has also designed and fabricated the upgraded torrefaction equipment to both 
complete our process research & development activities for this grant (PR&D), and completed the 25 ton 
demonstration run as a part of our Milestone 7 requirements. The team has successfully completed an 
industrial scale 10% and 30% co-firing trial at a stoker grate as part of our Milestone 8. Finally, the team is in 
active discussions to execute the gasification trial as a part of our Milestone 9 requirements.  
 

LEGAL NOTICE  
 

THIS REPORT WAS PREPARED AS A RESULT OF WORK SPONSORED BY FUNDING FROM 
THE CUSTOMER-SUPPORTED XCEL ENERGY RENEWABLE DEVELOPMENT FUND 
ADMINISTERED BY NSP. IT DOES NOT NECESSARILY REPRESENT THE VIEWS OF NSP, 
ITS EMPLOYEES, OR THE RENEWABLE DEVELOPMENT FUND BOARD. NSP, ITS 
EMPLOYEES, CONTRACTORS, AND SUBCONTRACTORS MAKE NO WARRANTY, EXPRESS 
OR IMPLIED, AND ASSUME NO LEGAL LIABILITY FOR THE INFORMATION IN THIS 
REPORT; NOR DOES ANY PARTY REPRESENT THAT THE USE OF THIS INFORMATION 
WILL NOT INFRINGE UPON PRIVATELY OWNED RIGHTS. THIS REPORT HAS NOT BEEN 
APPROVED OR DISAPPROVED BY NSP NOR HAS NSP PASSED UPON THE ACCURACY OR 
ADEQUACY OF THE INFORMATION IN THIS REPORT.  
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