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Executive Summary

The Wind Energy Project Analysis Model was used to evaluate the economic viability of
installing wind turbines at three system campuses:

East Grand Forks Northland Community and Technical College
Willmar Ridgewater College
Mankato Minnesota State University Mankato

The model incorporates databases on weather, system performance, and system cost to evaluate energy
production and life-cycle cost of potential wind energy projects. However site specific weather
conditions and wind system performance curves can be loaded into the model, facilitating a less generic
evaluation of system performance and economics. Wind data collected by WindLogics and MnSCU has
been used to provide site specific evaluation of wind turbine performance. The evaluation period of the
model has been set at twenty years.

Two wind turbines manufactured by Suzlon have been used in this evaluation: Suzlon S64 with a rated
capacity of 1.25 MW and Suzlon S88 with a rated capacity of 2.1 MW. Wind speed and the performance
curve of the wind turbines are the critical factors of system performance. The performance curve
establishes the relative capacity available and annual generation from the turbine for a given wind speed.

_Mankato | Willmar

_ East Grand Forks
~ Wind Speed (meters/second) and Hub Height ‘
Hub Height: 65 meters
Sudonse4lasmMw Tt T8 62

" Hub Helght 80 meters

Suzlon S882.1 MW
AnnualElectrlc Generatlon (MWh) S
 SuzlonS64125MW 3016 3563 o o L4es

Suzlon S882.1 MW 6447 7452 3,382

1.7 8.11 6.4

The electricity generated by the 1.25 MW wind turbine in Mankato is assumed to be used by the campus,
with a value of $0.056/kWh. Otherwise all generated electricity is assumed to be sold to the grid.
Electricity sold to the grid has been assigned an average value of $0.03447/kWh in all instances, with an
escalation rate of 3% per year. The grid value of electricity is the average rate paid to windfarms by Xcel,
taken from the FERC Form 1 report for 2005.

The value of the generated electricity must be sufficient to support the annual operating expense of the
wind turbine. Annual operating expense includes annual and major periodic maintenance and debt
service. Annual maintenance expense of the wind turbines is $71,500 for the S64 and $82,500 for the
S88. Major periodic maintenance is assumed to occur in years 10, 15 and 20 of the evaluation period.
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Turbine Model Drive Train | Blades
Year, Occurrence 10, 20 15
Suzlon S64 . §150,000  $275,000

Suzlon 588 _ $250000  $400000

These costs are expressed in present dollars. An annual inflation rate of 2.5% is used to determine the

future cost of these maintenance allowances.

The estimated project cost of installing the S88 2.1MW turbine at any of the campuses is $3,682,397.
The estimated cost of the S64 1.25 MW turbine is $2,230,594. Project debt is assumed to 85%, financed
over a term of 20-years with an interest rate of 6%. The annual debt service associated with installation
of the S88 is $272,931, and $165,302 with the installation of the S64.

The wind resource as quantified in the project data and anticipated energy payments are not adequate to
support the capital investment for installing wind turbines at Ridgewater College in Willmar or the 1.25
MW wind turbine at Northland Community and Technical College in Grand Forks. Installing a 1.25 MW
wind turbine to offset the campus electric load of Minnesota State University Mankato does show a
positive cash flow and payback, but may not be justifiable exclusively on the basis of economic

considerations.

The wind resources do provide significantly greater generation with the 2.1 MW wind turbine if installed
in East Grand Forks or Mankato. In these instances the anticipated energy payment of $34.47/kWh does
not provide enough revenue for the capital investment and operating expenses.

Based on the foregoing parameters and evaluation, wind turbines financed by conventional debt and
absent production credits are not a prudent capital investment for MnSCU. The C-BED tariff in
conjunction with innovative financing mechanisms such as Clean Renewable Energy Bonds can
significantly improve the economic forecast of wind turbines, revealing potentially viable projects: 2.1
MW Suzlon S88 wind turbines in Mankato and East Grand Forks.

The municipal utility in Willmar has expressed interest in developing a wind turbine installation on the
campus property of Ridgewater College. Given the results of this analysis, MnSCU should continue to
explore mechanisms for leasing the affected property to the local municipal utility. As part of the lease
terms, MnSCU should seek permission to state that Ridgewater College is host of a Green Energy facility

in its promotional materials.
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Resources and Assumptions for Modeling

Development Sites

Higher average annual wind speed is one relative measure of potential wind energy system performance
and economic viability. Table 1 lists the potential MnSCU wind development sites on the basis of
average annual wind speed. Data compiled in Table 1 has been taken from 2006 wind speed and capacity
factor maps. This feasibility study, in accordance with directives from MnSCU, involves four campuses:
Minnesota State University Mankato, Riverland Community College, Northland Community and
Technical College at East Grand Forks, and Ridgewater Community College in Willmar. The campuses
will be referred to generically as Mankato, East Grand Forks and Willmar'.

Table 1
E”otemml WBEESC 9] Wmd Developmem Sn‘es

Average Annmial Wind
Speed (meters/second).

'MN West Community & Technical College — Pipestone

MN West Community & Technical College — Worthington

- MN West Community & Technical College — Jackson
Northland Commumty & Technical College - Thief River Falls )
— Mankato

MN West umty & Techmcal College Canby 7 7 7
7Northland Commumty & Technical College - East Grand F orks/_ ) ] - T1.3-7.77.7-8.1
_Southwest MN State University ~Marshall - 7.3-1.717.7-8.1
Alexandria Technical College — Alexandria S 7.3-7.7/7.7-8.1
MN State Community & Techmcal College - Fergus Falls S o 73-17/7.7-81
MN State University — Moorhead S - 13-77/77-81
MN State Community & Techmcal College Moorhead S - 73-7.7/7.7-81
_Ridgewater College — Willmar o 7.3-7.7/7.7-81
_Riverland Community College - Austm o 7.3-7.7/1.7-8.1

! Riverland Community College was not included in this evaluation because of proximity to the airport. Height
restrictions would preclude installation of large capacity wind turbine generators. A separate evaluation will be
developed for this campus upon receipt of capital costs for a 40 kW wind turbine system.
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Anasis Model and Data

Projections of wind energy system performance and relative economic viability for the selected campuses
are determined by the Wind Energy Project Analysis Model developed by RETScreen International2.
The model incorporates databases on weather, system performance, and system cost to evaluate energy
production and life-cycle cost of potential wind energy projects. However site specific weather
conditions and wind system performance curves can be loaded into the model, facilitating a less generic

evaluation of system performance and economics.

Average annual wind speed and atmospheric pressure are two site specific input variables of the
RETScreen model. The WindLogics data from a previously completed study was used for the Mankato
site. Wind data provided by MnSCU was used for the Willmar and East Grand Forks sites (Grand Forks
being the actual location of the weather station that provided data for East Grand Forks). An average

atmospheric pressure of 100 kPa was used for all locations.

Table 2
Ambient Conditions and System Losses
_ East Grand Forks Mankato Willmar
Atmospheric Pressure, kPa ; 100 - 100 1w
_Average Annual Temperature, °C T T S A L T
_ Array Losses S S (O Ly« S 4 C S
_Airfoil Soiling/leingLosses . 1% . 1% %
- Other Downtime Losses 2% 2% 2%
MiscellapeousLosses 2% 2% 2%

The energy output level is calculated by RETScreen based on the actual turbine power curve, the
climatology data for the specific site, and expected losses. The losses used in this model are airfoil soiling
and/or icing losses (1%), other downtime losses (2%), and miscelianeous losses {2%). Array losses are
eliminated from consideration as there is no array. Only a single turbine is modeled for each campus.

The power curves of two turbines are used: Suzlon S64 and Suzlon S88. The rated capacity of the
turbines is 1.25 MW and 2.1 MW, respectively. The hub height of the Suzlon S64 is 65 meters, and the
corresponding height of the Suzlon S88 is 80 meters.

Table 3
__Wind Speed (meters/second) and Hub Height

__ HubHeight: 65meters =~ 74
_Hub Height: 80 meters =~ 7.7

2 RETScreen International is a collaboration of governments and multilateral organizations to provide models for the
evaluation of clean energy systems. Participants of the collaboration include Natural Resources Canada Renewable
Energy Deployment Initiative, National Aeronautics & Space Administration’s Langley Research Center, United

Nations, and World Bank.
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Performance Curve: Suzion 564 Performance Curve: Suzlon 588
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: ; @ ]
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i Ly 500 ‘1 5,000 O
200 - 2,000 : o
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Wind Speed (meters/second) Wind Speed (meters/second)
20 Available Capadcity ~—— Annual Generation | i R Available Capacity —A— Annual Generation !

The capital cost of the respective systems is summarized in the Table 3, and is also included in the
RETScreen models for each campus (contained in Appendix A).

Table 4
Summary of Project Capital Costs

- Project Cost

 FeasbilityStudy . $ 75000 875000
_ Interconnection Study . % 10000 $ 10,000 '
LocalPermits ... 8 15000 8 15000
~ SiteDevelopment . § 30,000 $ 40,000
Engineering é $ 70,000 $ 85,000
_ Turbine with delivery o $ 1,250,000 % 2,349,900
... Spaeparts(3%) $ 37,500 s 70497
‘ Interconnection , $ 150,000 $ 175,000
| ,
?' Labor-erection $ 55,000 8§ 65000
" Crane $ 100,000 125000
Foundation o ~ $ 250,000 325,000
~ Commissioning $ 10,000 $ 10,000
_ Miscellaneous ; — —
Contingencies (5%) 103,125 $ 170,270

64,969 $

Interest during Construction

107.270

Project development costs provide a budget for costs and expenses related to legal services,
interconnection studies and review of purchase power agreements, local permits and site development
(i.e., roads and grading). It has been assumed that no land lease will be required as the turbines will be

MnSCU Wind Screening Study - REV 1 Sebesta Blomberg & Associates, Inc.
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installed on MnSCU campus property. Since all of the potential projects are below 5 MW, only local
permitting is required. The cost of obtaining the local permitting was estimated to be $15,000, with
allowance for attending local community and zoning meetings. It is further anticipated that the smaller
Suzlon turbine will not require a MISO coordination study. Total project development cost is estimated
to be $65,000 for the installation of the Suzlon S64 and $125,000 for the Suzlon S88. The differential in
project development cost is attributable to the MISO study and higher site development cost for the larger

system.

The estimate of engineering fees includes for the design of the interconnection plus an allowance,
$10,000, for non-interconnection design services related to the system installation.

The cost of the turbines, including delivery to the respective sites, is based on a budgetary quote from
Suzlon. However, note that prices are dynamic and will be heavily influenced by the price of copper and
steel. The interconnection cost for the 1.25 MW system is based on a 1.5 MVA transformer and related
equipment (i.e. metering, protective relays, switchgear, etc.). The corresponding cost for the 2.1 MW
system reflects the use of a 2.5 MVA transformer. The cost of the energy equipment, including turbines
deliver to site, allowance for spare parts (3%) and interconnection is $1,437,500 for the 1.25 MW system
and $2,595,297 for the 2.1 MW system.

The balance of plant costs includes allowances for labor, crane rental, tower foundation and system
commissioning. These costs are estimated to be $415,000 for the 1.25MW system and $525,000 for the
2.1 MW system, recognizing higher costs for fabor, crane rental and foundation associated with a larger

capacity installation.

The miscellaneous cost allocation is intended to provide a budget to account the cost of interest during
construction (6% over a 12 month construction period) and a 5% allowance for project contingencies.

On this basis, the total project cost of the 1.25 MW Suzion S64 turbine is $2,230,594 or about
$1,785/kW. The total cost of the 2.1 MW Suzlon S88 turbine is $3,682,937 or about $1,754/kW.

The RETScreen model forecasts annual performance of a wind turbine using the weather data for the site
and performance curve of the turbine. Ultimately the economic viability of a turbine installation is
evaluated by comparing the value of generated electricity with the capital cost of the system and annual

expense of operating the system over a specified period of time. The time period used in these analyses is
20 years.

Electricity generated by the wind turbines can be used to displace retail service or sold to the grid as a
wholesale provider. Upon review of electrical data provided for the campuses it appears that the
electricity generated by a 1.25 MW wind turbine if installed in Mankato can be used by the campus, and
therefore has been assigned an average retail value of $0.056/kWh. The data for the campus indicate a

MnSCU Wind Screening Study —REV 1 Sebesta Blomberg & Associates, Inc.
Sebesta Blomberg Project No. 250207.00 December 13, 2006
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minimum demand of only 205 kW. However upon further review, the minimum demand of the campus is
less than 1.25 MW for less than 30 hours per year. Given the growth in electric demand experienced by
virtually all campuses, it seemed a prudent assumption that generation from the 1.25 MW turbine can be
used entirely by the Mankato campus.

AveragekW a5

For the other campuses the capacity of the wind turbines considered by this evaluation is significantly
greater than the respective campus demand profiles. So the electricity generated in these instances is
assumed to be sold to the grid. Electricity sold to the grid has been assigned an average value of
$0.03447/kWh in all instances, with an escalation rate of 3% per year. The grid value of electricity is the
average rate paid to windfarms by Xcel, taken from the FERC Form 1 report for 2005.

Annual operating expense includes debt service and maintenance expense. Debt service is based on 85%
of capital cost with a 6% interest over a 20-year term. The annual maintenance expense of the wind
turbines is $71,500 for the Suzlon $64 and $82,500 for the Suzlon S88. Maintenance expenses at inflated
at the rate of 2.5% per year over the 20 year evaluation period.

Additional major maintenance costs are scheduled for the drive train in years 10 and 20 of the evaluation
period, and for the blades in year 15. The cost of this major maintenance is:

SuzlonS64 1 $150000 = $275000 -
SuzlonS88 8250000 . $400,000

These costs are expressed in present dollars. An annual inflation rate of 2.5% is used to determine the
future cost of these maintenance allowances.

The annual savings, or the differential between the value of generated electricity and operating expense of
the turbine, is used to determine the number of years necessary to recover the equity in the wind energy
project (15% of total project cost), as one measure of viability. Other gauges of economic viability
include internal rate of return and years to positive cash flow.

The results of the economic forecasts for the Suzlon S64 1.25 MW at East Grand Forks and Willmar, and
the Suzlon S88 2.1 MW system at East Grand Forks, Mankato and Willmar are summarized in the
following tables and graphs.

MnSCU Wind Screening Study — REV 1 Sebesta Blomberg & Associates, Inc.
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Table §
RETScreen Wind Model
Summary of Ecenomic Forecasé: Suzlon 564 1.25 MW o
East Grand Forks Mankato - Willmar

| Wind Speed at 65 M hub

GeperaionMWH)
' Value of Electric Generation
- Annual Maintenance

73,288

Debt Service 165 302":

Fxrst Year Savmgs M » ;,j

. Project Cost
¢ Project Debt

. Project Equity

¢ Years to Positive Cash Flow

~ Simple Payback Period (years)
. Internal Rate of Return

*Retail offset of campus elec’mc requxrements at $0 056/kWh Other mstaliations reﬂects sale of electr1c1ty to grld:
$0.034/kWh.

$(900,000) -4

W

| Year of Operation

Forecast of Annual Performance : Forecast of Annual Performance
Suzion 566 1.25 MW Suzion S88 2.7 MW

$200,000 ——r—r——— T ——— $100,000 ——— ‘ ‘ T

$100,000 — O 5. e S - ,_/—\
& 5(100,000) bk SN B B $(200,000) g . v B
a?:" £(200.000 i et :\V/ﬁA ““ y e \\ ;g $£300.00M i N \‘W[ ! \ /’ \\\ ‘
& +{200,000 ) - ; = A o 2A30R,008) S i A Y
B 5(300,000) N \\\v//] ; \\ D $(400,000) W/ ;' ;“ / s \\b
| &  $(400,000) : v \ // ‘\;Jg $(500,000) L A \Z\/ ‘ \: N
§ $(500,000) : — —— W/ ——— % 5(600,000) ~— } ; 3 W l\
L $(600,000) -t 3 L ;y? | |2 $(700,000) +— - I -‘ : ;\x/f
o §(700,000) 4l 315l izl 1ol 44 L3l g5l gl 49t 0 $(800,000) : ’
3 3 : sl izl loi 4l g3l bs gl g

Year of Operation

; —— Willmar —e— East Grand Forks — Mankato ! | —e— East Grand Forks Mankato —a— Willmar ;

Based on the parameters of the evaluation, the Suzlon S64 1.25 MW turbine does not appear to be a
viable investment for any of the campuses with forecasts of significant operating deficits in the first year
and subsequent years of operation. Only Mankato shows positive cash flow and payback of equity within
the 20-year evaluation period. However, the internal rate of return is not sufficient to justify a capital
investment. For the other campuses the value of the generated electricity is not sufficient to support
annual operating expenses and recover the project equity. Positive cash flow is not achieved within the
20-year evaluation period.

Similarly, the 2.1 MW turbine does not appear to be a viable capital investment if installed at any of the
campuses. The average wind speed from the Willmar data does not provide sufficient generation to

MnSCU Wind Screening Study — REV 1 Sebesta Blomberg & Associates, Inc.
Sebesta Blomberg Project No. 250207.00 December 13, 2006
Page 11



SEBESTA BLOMBERG ]

Providing Technical & Business Solutions

@ FINAL REPORT

support the capital investment and operating expenses. Project equity is not recovered nor is positive cash
flow realized within the evaluation period. The internal rate of return on project equity is negative.

Table 6
RETSereen Wind Model
Summary of Ecenomic Forecast: Suzion S88 2.1 MW

|

A Wmd Speed at 80 M hub 64rn/s -
“Generatlon(MWH) - 3382 ,
Value of Electric Generation $ 228898  § 264,570 $ 120,084

: Armual Maintenance $ 5 ”84 563
Debt Service o $ D1/ $ 2712931
FirstYearSavings ~ -$ 128596 -§ -$ 237410
ProjectCost  $36897 83 8 3,682,937
ProjectDebt 8313049 $ 313049 $ 3,130,49%
Project Equity . $ 541 8 552441 § 552,441
YearstoPositive CashFlow >0 >0 >0
 Simple Payback Period (years) >0 >0 . >0
Intemal Rateof Rewm  negative negative  negative

The wind resource of East Grand Forks and Mankato affords more annual generation, nearly twice the
MWh of Willmar. However, the relatively low payment for electricity is not sufficient to support

operating expenses and provide a yield on project equity.

Considerations Affecting Results

Production Credit

An installation needs to be operational prior to December 31, 2007 to be eligible for the production tax
credits (IRS Section 45). Given the present lead time for manufacture and delivery of wind turbines, it
seemed unlikely that the installations being evaluated would be in operation prior to the eligibility
deadline. It also seemed reasonable to exclude the production credits because of the uncertainty of
continuing the production credits program or the magnitude and term of the credits if reauthorized. On
this basis, the production credits were not included in the economic forecasts of the wind turbines.

Value of Generated Electricity and Capital Cost

Capital cost and value of electricity are fundamental to the financial projections. The debt service
associated with capital cost is the predominant component of annual operating expense. The value of
generated electricity establishes the gross potential revenues for the wind turbine.

The expected value of electricity sold to the grid is based on the average per kWh payment Xcel made to
wind turbine generators in 2005, $34.47/MWh. The payment reflects the capital investment, operating

MnSCU Wind Screening Study — REV 1 Sebesta Blomberg & Associates, Inc.

Sebesta Blomberg Project No. 250207.00 December 13, 2006
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expenses and production credits when the respective contracts were negotiated. As shown in the table
below, to realize a nominal internal rate of return of 12%, the value of the electricity delivered to the grid
would need to be increased to compensate for present capital costs and operating expenses (and the
absence of production credit):

Energy Payment Adjustment for Improved Rate of Return

Campus and roy Internal Rate
Model I . of Return ____

Suzlon S64 1.25 MW

EastGrandForks $0.085kWh  126%

 Mankato  $0.072kWh  127%

%0 175/kWh7 o 126%‘ o

_$0.060/kWh o 124%

. .. 80052kWh . 126%
Willmar  $0014kWh  121%

The energy payment rates as adjusted for Willmar are symptomatic of the modest wind resource relative
to the other Campus. It should be noted that with the exception of the 2.1 MW wind turbine in Mankato
and East Grand Forks, the energy payment necessary to support an internal rate of return of about 12% is
significantly higher than the average payment rate derived from FERC Form ! plus nominal production
credit payment of $0.018/kWh ($0.03447/kWh + $0.018/kWh = $0.05247/kWh).

A funding mechanism to subsidize the capital cost of the wind turbine would also improve the respective
financial results. With the exception of Willmar, the value of generated electricity is $34.47/MWh or the
average 2005 Xcel payment for wind energy. Because the annual operating expense is projected to be
less than the potential energy payments at $34.47/MWh, the value of electric generation has been
arbitrarily set of $65/MWh. Without such an adjustment, the wind turbines Would operate at a deficit

even with a total subsidy of capital cost.
Capital Cost Subsidy for Improved Rate of Return

' Campus and Capital Subsidy Internal Rate
__Model % and Value

East Grand Forks
Mankato

81.3%: $2.49 million
71.3%: $2.19 million

0/ %K.

East Grand Forks | 53.5%: $2.67 million

_ Mankato S . B S
Willmar : 45% $2.70 million 12 0%

*Value of generaled electricity is $65/MWh. For all other cases electric &enei <ation is valued at $34 47/MWh.

MnSCU Wind Screening Study — REV 1 Sebesta Blomberg & Associates, Inc.
Sebesta Blomberg Project No. 250207.00 December 13, 2006
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The capital subsidy necessary to realize an internal rate of return of about 12% is significant, ranging
from 42% to over 85%, or approximately $2.10 million to $2.70 million depending on model and
location. The subsidy applies to initial capital cost and periodic maintenance of blades and drive train.

Community Based Energy Development Tariff and Clean Renewable

Energy Bond

The Community Based Energy Development (C-BED) Tariff was enacted by the State Legislature to
facilitate locally owned energy projects. Public utilities in Minnesota are required to file a tariff with the
Public Service Commission for community based projects. The tariff must have a rate schedule that
results in a $27.00/MWH net present value over the 20-year term of a purchase power agreement. The
tariff must also permit a higher rate during the first 10 years of the purchase power agreement with a
lower rate during the remainder of the agreement. The discount to be used in the present value
determination must be the utility’s normal discount rate used for its other business activities. The two-tier
rate structure simulates the affect of the aforementioned production credit, resulting in a higher revenue

stream during the initial years to help service start-up costs.

The following chart demonstrates the potential affect of the C-BED tariff on the installation of a S88 in
Mankato. The initial evaluation based on $34.47. MWH and 85% debt financed at 6% over a term of 20

Minnesota State University Mankato: Suzion S88

; $200,000 — T T T — ; ‘ i
: P o ‘ o o - |
j $100,000 =G ; |
| ’ - 3
ET N Lamil T/* ﬂ\ 1
@ P - o .
& $(100,000) — E=——iE= — - ‘ I —
55200000 — —- % i
& 5(300,000) — | L i
% N \ [ L
P Z $(400,000) —— —— : - \/ |
$(500,000) - — ¥ et
$(600,000) - ‘ , ‘ — Rl -
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Year of Operation
’—e—-C-BED Tariff —g— Conventional Purchase Power Agreement (no Production Credit) |
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years, had a negative internal rate of return and simple payback period greater than 20 years.

With the C-Bed Tariff, the project is financed over 10 years, and project debt is reduced to 70%3 with an
interest rate of 6%. Periodic capital maintenance items (blades and drive train) are not included4. With
these parameters a positive cash ﬂow is realized every year. The simple payback period on project equity
(30% of project cost) is ;5(& years Wlth an internal rate of return of 3.5%. However, the C-Bed tariff does
not substantively improve the forecast of economic viability for the other wind turbine installations.

Entities or qualified owners eligible to submit projects fo utilities under the C-Bed tariff include:
Minnesota residents; limited liability corporations organized under the laws of Minnesota and that is
made up on members who are Minnesota residents; Minnesota non-profit organizations; Minnesota
cooperative associations (other than a rural electric cooperative of a generation and transmission
cooperative); Minnesota political subdivision or local government (other than a municipal electric utility
or municipal power agency) including but not limited to county, statutory or home rule charter city town
school district, or public or private higher education institution or any other local or regional
governmental organization such as a board, commission or association; or a tribal council. Given this
eligibility list, the campus or possibly the alumni association could take the lead in developing a wind
turbine project based on the C-BED tariff.

Clean Renewable Energy Bonds (CREB) provide a new financial incentive to invest in new renewable
electric generation projects. The holder of the bond receives a federal tax credit in lieu of interest paid by
the issuer, typical of conventional bonds or debt. Through this financing option, the issuer of the bond
may borrow project capital at a 0% interest rate. The maximumn maturity of these bonds is term that will
be determined by the Secretary of the Treasury, but is expected to be 11 to 14 years.

The effect of CREB financing is illustrated above as applied to a Suzlon S88 if installed in Mankato.
With a 0% interest rate applied to 70% debt, the net operating result (electric sales minus operating
expense) increases by approximately $92,000 per year when compared to the C-Bed tariff scenario with
conventional debt and interest. The internal rate of return increases to 10.1%. CREB financing and C-
BED tariff result in a 3.8% internal rate of return on a Suzlon S88-in East Grand Forks.

Eligible issuers of Clean Renewable Energy Bonds include state and local governments, U.S. territories
and possessions, the District of Columbia, Indian tribal governments, CoBank, Cooperative electric
companies and the National Rural Utilities Cooperative Finance Corporation.

CREB financing does not by itself result in viable or aftractive payback periods and internal rates of
return for any of the projects considered in this evaluation.

* A lower percentage of project debt is used to accommodate the shorter debt term associated with the two-tiered

tariff structure.
* Removing these capital costs from the initial evaluation still results in negative internal rate of return and payback
period greater than 20 years.

MnSCU Wind Screening Study —REV 1 Sebesta Blomberg & Associates, Inc.
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Conclusions

The wind resource as quantified in the project data and anticipated energy payments are not adequate to
support the capital investment for installing wind turbines at Ridgewater College in Willmar or the 1.25
MW wind turbine at Northland Community and Technical College in Grand Forks. Installing a2 1.25 MW
wind turbine to offset the campus electric load of Minnesota State University Mankato does show a
positive cash flow and payback, but may not be justifiable exclusively on the basis of economic

considerations.

Minnesota State University Mankato: Suzlon S88

$300,000
$200,000

$100,000 @ ;

R
$(100,000) - hmh=h—A—4
$(200,000) - |
$(300,000) -
$(400,000) -
$(500,000) -
$(600,000) -

o
el

Net Operating Result

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Year Of Operation

| —s— CBED Tariff
| —&— CBED Tariff w/CREB !
f—A—- Conventional Purchase Power Agreement (no Production Credit),

The wind resources do provide significantly greater generation with the 2.1 MW wind turbine if installed
in East Grand Forks or Mankato. In these instances the anticipated energy payment of $34.47/kWh does
not provide enough revenue for the capital investment and operating expenses.

Based on the foregoing parameters and evaluation, wind turbines financed by conventional debt and
absent production credits are not a prudent capital investment for MnSCU. The C-BED tariff in
conjunction with innovative financing mechanisms such as Clean Renewable Energy Bonds can

MnSCU Wind Screening Study ~REV 1 Sebesta Blomberg & Associates, Inc.

Sebesta Blomberg Project No. 250207.00 December 13, 2006
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significantly improve the economic forecast of wind turbines, revealing potentially viable projects5: 2.1
MW Suzion S88 wind turbines in Mankato and East Grand Forks.

The municipal utility in Willmar has expressed interest in developing a wind turbine installation on the
campus property of Ridgewater College. Given the results of this analysis, MnSCU should continue to
explore mechanisms for leasing the affected property to the local municipal utility. As part of the lease
terms, MnSCU should seek permission to state that Ridgewater College is host of a Green Energy facility

in its promotional materials.

* The Mankato campus is also within the service territory of Northem State Power and the potential location in East
Grand Forks is near an interconnection with Northern States Power. This utility has a greater regulatory incentive
than other utilities in the state.

MnSCU Wind Screening Study —REV 1 Sebesta Blomberg & Associates, Inc.
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APPENDIX A

RETScreen Energy Model Suzion $64 1.25 MW A

e FEast Grand Forks

o  Mankato

o  Willmar
MnSCU Wind Screening Study —REV 1 Sebesta Blomberg & Associates, Inc.
Sebesta Blomberg Project No. 250207.00 December 13, 2006
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RETScreen® Energy Model - Wind Energy Project { Training & Support |

Urits:

Site Conditions Estimate Notes/Range
Project name MNSCU Wind Feasibility Study See Online Manual
Project location East Grand Forks, MN
Wind data source | Windspeed |
Nearest location for weather data East Grand Forks, MN See Weather Database
Annual average wind speed m/s 7.7
Height of wind measurement m 80.0 3.010100.0 m
Wind shear exponent - 0.16 0.10t0 040
Wind speed at 10 m m/s 5.5
Average atmospheric pressure kPa 100.0 60.0 to 103.0 kPa
Annual average temperature °C 5 -2010 30 °C

‘System Characteristics Estimate ) Notes/Range
Grid type - Central-grid
Wind turbine rated power kW 1250 =@  Complete Equipment Data shest
Number of turbines - | 1 1
Wind plant capacity kW 1,250
Hub height m 65.0 6.0t0 100.0 m
Wind speed at hub height m/s 7.4
Array losses % 0% 0% to 20%
Airfoil soiling and/or icing losses % 1% 1% to 10%
Other downtime losses % 2% 2% to 7%
Miscelianeous losses % 2% 2% t0 6%

j, Estimate Estimate

| Annual Energy Production Per Turbine Total Notes/Range
Wind plant capacity kW 1,250 1,250

1.250 1.250
Unadjusted energy production MWh 3,081 3,081
Pressure adjustment coefficient - 0.99 0.99 0.59to 1.02
Temperature adjustment coefficient - 1.04 1.04 0.98t01.15
Gross energy production MWh 3,172 3,172
Losses coefficient - 0.95 0.95 0.7510 1.00
Specific yield KWh/m? 882 882 150 to 1,500 kWh/m?
Wind plant capacity factor % 28% 28% 20% to 40%
Renewable energy delivered Mwh 3,016 3,016

miilion Btu 10,290 10,290

Complete Cost Analysis sheet

Version 3.2 © Winister of Natural Resources Canada 1997-2005. NRCan/CETC - Varennes

12/13/2008; East Grand Forks Feasibility Study - Suzlon 1.25 DEC rev



RETScreen” Equipment Data - Wind Energy Project

Wind Turbine Characteristics Estimate
Wind turbine rated power KW 1250
Hub height m 65.0
Rotor diameter m 64
Swept area m? 3,421
Wind turbine manufacturer Suzion
Wind turbine model Suzion S$66-1.25 MW
Energy curve data source - User-defined

Notes/Range
See Prodiict Database
6.0t0 100.0m
7t080m
3510 5,027 m?

Site specific

‘Wind Turbine Production Data

Wind speed Power curve data Energy curve data

{m/s) (kW) {(MWhlyr)
0 0.0 0.0
1 0.0 0.0
2 0.0 0.0
3 0.0 0.0
4 35.0 306.60
5 89.0 779.64
8 148.0 1,296.48
7 275.0 2,409.00
8 446.0 3,906.96
9 621.0 5,439.96
10 811.0 7,104.36
11 990.0 8,672.40
12 1,127.0 9,872.52
13 1,198.0 10,494.48
14 1,250.0 10,850.00
15 1,250.0 10,950.00
16 1,250.0 10,950.00
17 1,250.0 10,960.00
18 1,250.0 10,950.00
19 1,250.0 10,850.00
20 1,250.0 10,850.00
21 1,250.0 10,950.00
22 1,250.0 10,850.00
23 1,250.0 10,850.00
24 1,2560.0 10,950.00
25 1,250.0 10,950.00

Power (kW)

1,400

1,200
1,000 -
800 -
600
400

200

Power and Energy Curves
——dr Power —#— Energy

2 4 6 8 10 12 14 16 18 20 22
Wind speed (m/s)
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Energy Model sheet

Version 3.2

© Minister of Natural Resources Canada 1987-2005.
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RETScreen® Cost Analysis - Wind Energy Project

Type of analysis: Currency: Cost references: None
| initial Costs (Credits) i Quantity Unit Cost Amount - Relative Costs Quantity Range _ Unit Cost Range |
Feasibility Study
Feasibiiity study jl Cost [ 1 1% 75,0001 § 75,000 - -
Sub-total: $ 75,000 3.4%
Development
[Development | Cost ] 1 1% 65,000 | $ 65,000 - -
Sub-total: $ 65,000 2.9%
Enginegering
[Engineering ] Cost ] 1 3 70,000 ] $ 70,000 - -
Sub-otal: $ 70,000 3.1%
Energy Equipment
Wind turbine(s) kw 1,250 $ 1,000] $ 1,250,000 - -
Spare parts % I 3.0% $ 1,250,000 $ 37,500 - -
Transportation turbine 1 $ -1 % - - -
[Other - Energy equipment ] Cost ] 1 $ 150,000 | $ 150,000 R R
Sub-total: $ 1,437,500 64.4%
Balance of Plant
[Balance of plant I Cost T 1 I 4150001 § 415,000 - -
Sub-fotal: $ 415,000 18.6%
Miscellaneous
Contingencies % I 5% $ 2,062,500 § 103,125 - -
Interest during consiruction | 60% | 12month(s) |$ 2165625 64,969 - -
Sub-total: $ 168,094 7.5%
Initial Costs - Total ] 2,230,584 100.0%

Annual Costs (Credits) ; Unit Cost Amount . Relative Costs

C&M

[Cam | Cost | 1 [s 65,000 | $ 65,000 - .

Contingencies % 1 10% s 65,000 § 6,500 - -
Annual Costs - Total $ 71,500 $00.0%
| Periodic Costs {Credits) Unit Cost ) ) Interval Ranige - “Unit Cost Range

Drive train Cost 10 yr $ 150,000 | $ 150,000 - -

Blades Cost 15 yr $ 275,000 | $ 275,000 - -

$ - - -

End of project iife Credit - $ -1 $ - Go ic GHG Analysis sheel

Version 3.2 © Minister of Natural Resources Canada 1997-2005. NRCan/CETC - Varennes

12/13/2006; East Grand Forks Feasibility Study - Suzion 1.25 DEC rev



RETScreen® Greenhouss Gas {GHG) Emission Reduction Analysis - Wind Energy Project

Use GHG analysis sheet? Yes Type of analysis: Standard

Potential CDM project? No

Background Information . j

Global Warming Potential of GHG

Project information
Project name MNSCU Wind Feasibility Study ~ Project capacity 1.25 MW 21 fonnes CO,= 1 tonne CH, (IPCC 1996)
Project location East Grand Forks, MN Grid type Central-grid 310 tonnes CO, = 1 tonne N,O (IPCC 1896)
Base Case Eleciricity System {Baseline) ;
Fuel type Fuel mix CQ, emission CH,emission N,O emission Fuel conversion T&D GHG emission

factor factor factor efficiency losses factor

(%) (ka/GJ) (kg/GJ) (kg/GJ) (%) (%) (oo, [MWh)
Coal 50.0% 94.6 0.0020 0.0030 35.0% 12.0% 1.117
Large hydro 50.0% 0.0 0.0000 0.0000 100.0% 12.0% 0.000
100% 153.6 0.0032 0.0049 12.0% 0.559

Electricity mix

Does basefine change during project life?_____No_____|

'Proposed Case Electricity System (Wind Energy Project)

Fuel type Fuel mix CO, emission  CH,emission N,0 emission Fuel conversion T&D GHG emission
factor factor factor efficiency losses factor
(%} (kg/GJ) (kg/GJ) (kg/GJ) (%) (%) {too MWhH)
Electricity system
Wind 100.0% 0.0 0.0000 0.0000 100.0% 0.000

'GHG Emission Reduction Summary

Base case Proposed case End-use Gross annual GHG credits Net annual

GHG emission GHG emission annual energy GHG emission transaction GHG emission
factor factor delivered reduction fee reduction
| (tCO2/MWh) | (tCO2/MWh) | (MWHh) {teon) (%) (teop)
Electricity system 0.559 0.000 2,654 1,482 1 0.0% [ 1,482

Compilete Financiai Summary shest

© United Nations Environment Programmie & Minister of Natural Resources Canada 2000 - 2005. UNEP/DTIE and NRCan/CETC - Varennes

Version 3.2
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RETScreen® Energy Model - Wind Energy Project [ Training & Support |

Urits:

Site Conditions Estimate Notes/Range
Project name MnSCU Wind Feasibility Study See Online Manual
Project location Mankato, MN
Wind data source Wind speed
Nearest location for weather data Mankato, MN See Weather Database
Annual average wind speed m/s 8.1
Height of wind measurement m 80.0 3.01t0100.0 m
Wind shear exponent - 0.16 0.10t00.40
Wind speed at 10 m m/s 5.8
Average atmospheric pressure kPa 100.0 60.0 to 103.0 kPa
Annual average temperature °C 7 -20t0 30 °C

' System Characteristics Estimate Notes/Range
Grid type - Central-grid
Wind turbine rated power kW 1250 === Compiete Fquipment Data sheet
Number of turbines - i i |
Wind piant capacity kW 1,250
Hub height m 65.0 6.0i0 1000 m
Wind speed at hub height m/s 7.8
Array losses % 0% 0% to 20%
Airfoil soiling and/or icing losses % 1% 1% to 10%
Other downtime losses % 2% 2% to 7%
Miscellaneous losses % 2% 2% t0 6%

g Esfimate Estimate

Annual Energy Production Per Turbine Total Notes/Range
Wind plant capacity kW 1,250 1,250

1.250 1.250
Unadjusted energy production MWh 3,675 3,675
Pressure adjustment coefficient - 0.99 0.99 0.5910 1.02
Temperature adjustment coefficient - 1.03 1.03 0.98101.15
Gross energy production MWh 3,747 3,747
Losses coefficient - 0.95 0.85 0.75t0 1.00
Specific yield kWh/m? 1,041 1,041 150 to 1,500 kWh/m?
Wind plant capacity factor % 33% 33% 20% 1o 40%
Renewable energy delivered MWh 3,563 3,563

million Btu 12,157 12,157

Complete Cost Analysis sheet

Version 3.2 © Minister of Natural Resources Canada 1997-2005. NRCan/CETC - Varennes

12/13/2006; Mankato Feasibility Study - Suzion 1.25 DEC rev



RETScreen® Equipment Data -

Wind Turbine Characteristics
Wind turbine rated power
Hub height

Rotor diameter

Swept area

Wind turbine manufacturer
Wind turbine model

Energy curve data source

Wind Energy Project

Estimate

1250

65.0

88
2 3,421
Suzion

Suzion S66-1.25 MW
- User-defined

kW

m
m
m

Notes/Range
See Product Database

6.0t0 100.0 m
7t080m
3510 5,027 m?

Site specific

Wind Turbine Production Data ‘

Wind speed Power curve data  Energy curve data

(m/s) {kW) (MWhlyr)
0 0.0 -
1 0.0 -
2 0.0 -
3 0.0 -
4 35.0 306.60
5 89.0 779.64
6 148.0 1,296.48
7 275.0 2,409.00
8 446.0 3,906.96
9 621.0 5,439.96
10 811.0 7,104.36
11 990.0 8,672.40
12 1,127.0 9,872.52
13 1,198.0 10,494.48
14 1,250.0 10,950.00
15 1,250.0 10,950.00
16 1,250.0 10,850.00
17 1,250.0 10,950.00
18 1,250.0 10,950.00
19 1,250.0 10,950.00
20 1,250.0 10,950.00
21 1,250.0 10,950.00
22 1,250.0 10,950.00
23 1,250.0 10,950.00
24 1,250.0 10,950.00
25 1,250.0 10,950.00

Power and Energy Curves
—&— Power —&— Energy

1,400
1,200
4,000 1

800 A

Power (kW)

600
400 A
200

10 12 14 16 18 20 22

Wind speed (m/s)

24

12,000
;
110,000
)
1 8,000 g
£
4 6,000 =
o
2
+4000 &
+ 2,000
Lo
Returmn fo

Energy Model sheet

Version 3.2

© Minister of Natural Resources Canada 1997-2005.

12/13/2006; Mankato Feasibility Study - Suzion 1.25 DEC rev

NRCan/CETC - Varennes



RETScreen® Cost Analysis - Wind Energy Project

Type of analysis:| Pre-feasibility

Currency: $ Cost references:

Initial Costs {Credits) Quantity Unit:Cost Amount - Relative Costs Quantity Range  Unit Cost Range |
Feasibility Study
[Feasibility study Cost | 1 I 75,000 ] $ 75,000 -
$ 75,000 3.4%
Development
[Development Cost I 1 Ts 65,000 $ 65,000 -
$ 65,000 2.9%
Engineering
[Engineering Cost | 1 [$ 70,000 | $ 70,000 -
$ 70,000 3.1%
Energy Equipment
Wind turbine(s) KW 1,250 $ 1,000 $ 1,250,000 -
Spare parts % | 3.0% $ 1,250,000 $ 37,500 -
Transportation turbine 1 $ -8 - -
[Other - Energy equipment Cost | 1 $ 150,000 | $ 150,000 -
$ 1,437,500 64.4%
Balance of Plant
[Balance of plant Cost ] 1 [E 415000 $ 415,000 -
$ 415,000 18.6%
Miscellaneous
Contingencies % 5% $ 2,062,500 $ 103,125 -
Interest during construction 6.0% [ 12 month(s) [ $ 2,165,625 § 64,969 -
3 168,094 7.5%
Initial Costs - Total § 2,230,594 100.0%
‘Annual Costs {Credits) Unit Cost Amount . Relative Costs
O&M
fosm Cost | 1 I3 65,000 | $ 65,000 -
Contingencies % 1 10% 1 65,000 % 6,500 -
Annual Costs - Total $ 71,500 100.0%
i Unit Cost
Drive train Cost 10 yr $ 150,000 | $ 150,000 -
Biades Cost iSyr $ 2750001 $ 275,000 -
$ - -
End of project life Credit - $ -3 - Go to GHG Analvsis sheet

Version 3.2

© Minister of Natural Resources Canada 1997-2005.

12/13/2008; Mankato Feasibility Study - Suzion 1.25 DEC rev

NRCan/CETC - Varennes
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RETScreen® Energy Model - Wind Energy Project Training & Support

Uris:

Site Conditions ) Notes/Range
Project name MNSCU Wind Feasibility Study See Online Manual
Project location Willmar, MN
Wind data source Wind speed
Nearest location for weather data Willmar, MN See Weather Database
Annual average wind speed m/s 57
Height of wind measurement m 40.0 3.0t0 100.0m
Wind shear exponent - 0.16 0.1010 0.40
Wind speed at 10 m m/s 4.6
Average atmospheric pressure kPa 100.0 60.0 to 103.0 kPa
Annual average temperature °C 6 -20t0 30 °C

System Characteristics ‘ Estimate Notes/Range
Grid type - Central-grid
Wind turbine rated power kW 1250 =  Complete Equipment Data sheet
Number of turbines - | 1 ]

Wind plant capacity kW 1,250
Hub height m 65.0 6.0 to 100.0 m
Wind speed at hub height m/s 6.2
Array losses % 0% 0% to 20%
Airfoil soiling and/or icing losses % 1% 1% to 10%
Other downtime losses % 2% 2% t0 7%
Miscellaneous losses % 2% 2% to 6%
Estimate Estimate
y Production Per Turbine Total Notes/Range
Wind plant capacity kW 1,250 1,250
1.250 1.250
Unadjusted energy production Mwh 1,511 1,511
Pressure adjustment coefficient - 0.99 0.99 0.59 to 1.02
Temperature adjustment coefficient - 1.03 1.03 0.98101.15
Graoss energy production MWh 1,541 1,541
Losses coefficient - 0.95 0.95 G.75to 1.00
Specific yield kWh/m? 428 428 150 to 1,500 kWh/m?
Wind plant capacity factor % 13% 13% 20% to 40%
Renewable energy delivered MWh 1,465 1,465

| million Btu 4,999 4,999

Complete Cost Analysis sheet

Version 3.2 © Minister of Natural Resources Canada 1897-2005. NRCan/CETC - Varennes

12/13/2006; Wiilmar Feasibility Study - Suzion 1.25 Dec rev



RETScreen”® Equipment Data - Wind Energy Project

Wind Turbine Characteristics
Wind turbine rated power
Hub height

Rotor diameter

Swept area

Wind turbine manufacturer
Wind turbine model

Energy curve data source

Estimate
1250

65.0

64

3421

Suzlon

Suzion S64-1.25 MW

User-defined

Notes/Range
See Product Databasse

6.0to 100.0 m
7t080m
351t05,027 m?

Site specific

Wind Turbine Production Data

Wind speed Power curvedata  Energy curve data
{m/s}) (kW) (MWhiyr)
0 0.0 -
1 0.0 -
2 0.0 -
3 0.0 -
4 35.0 306.60
5 89.0 779.64
6 148.0 1,296.48
7 275.0 2,408.00
8 446.0 3,906.96
9 621.0 5,439.96
10 811.0 7,104.36
11 990.0 8,672.40
12 1,127.0 9,872.52
13 1,198.0 10,484.48
14 1,250.0 10,950.00
15 1,250.0 10,950.00
16 1,250.0 10,950.00
17 1,250.0 10,850.00
18 1,250.0 10,850.00
19 1,250.0 10,950.00
20 1,250.0 10,950.00
21 1,250.0 10,950.00
22 1,250.0 10,950.00
23 1,250.0 10,950.00
24 1,250.0 10,850.00
25 1,250.0 10,950.00

Power and Energy Curves
—#— Power —&— Energy

1,400
1,200 -
1,000 -

800 -

600 -

Power (kW)

400 A

200

8 10 12 14 16 18
Wind speed (m/s)

20 22

12,000
3
+ 10,000
=
1 8,000 g
£
+ 6,000 >
2
2
14000 5
+ 2,000
0
Return o

Energy Model sheet

Version 3.2

© Minister of Natural Resources Canada 1997-2005.

12/13/2006; Willmar Feasibility Study - Suzion 1.25 Dec rev
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RETScreen® Cost Analysis - Wind Energy Project

Type of analysis:| Pre-feasibiiity

Initial Costs {Credits)
Feasibility Study

Quantity

Curency: [ 5 ]

Unit Cost Amount = Relative Costs

Cost references: None

Quantity Range .. Unit Cost Range

[Feasibilty study [ Cost_ | 1 $ 75,000 | $ 75,000 - -
Sub-total: $ 75,000 3.4%
Development
{Development | Cost | 1 s 65,000 ] $ 65,000 - -
Sub-fotal: $ 65,000 2.9%
Engineering
[Engineering [ Cost | 1 1$ 70,000 $ 70,000 - -
Sub-totat: $ 70,000 3.1%
Energy Equipment .
Wind turbine(s) kW 1,250 $ 1,000 ] & 1,250,000 - -
Spare parts % [ 3.0% $ 1,250,000 $ 37,500 - -
Transportation turbine i $ -] - - -
[Other - Energy equipment | Cost 1 1 $ 150,000 | $ 150,000 - -
Sub-total: $ 1,437,500 64.4%
Balance of Plant
[Balance of plant | Cost | 1 s 4150001 415,000 - -
Sub-total: $ 415,000 18.6%
Miscellaneous
Contingencies % [ 5% [ $ 2,062,500 $ 103,125 - -
Interest during consiruction [ 60% | 12month(s) |$ 2165625 § 64,969 - -
Sub-total: $ 168,094 7.5%
Initial Costs - Total $ 2,230,584 100.0%
Annual Costs {Credits) Unit Cost Relative Costs
O&M
[Ccam | Cost ] 1 s 65,000 | $ 65,000 - -
Contingencies % | 10% 3 65000 $ 6,500 - -
Annual Costs - Total $ 71,500 100.0%
Drive train Cost 10yr $ 150,000 | $ 150,000 - -
Blades Cost 15 yr $ 275,000 | $ 275,000 - -
$ - - B
End of project life Credit - $ -1 8 - 50,10 GHG Analysis sheat

Version 3.2

© Minister of Natural Resources Canada 1887-2005.

12/13/2006; Willmar Feasibility Study - Suzlon 1.25 Dec rev

NRCan/CETC - Varennes



RETScreen® Greenhouse Geas {GHG) Emission Reduction Anziysis - Wind Energy Project

Use GHG analysis sheet? Yes Type of analysis: Standard
Potential CDM project? No
‘Background information
Project information Global Warming Potential of GHG
Project name MNSCU Wind Feasibility Study  Project capacity 1.25 MW 21 tonnes CO, = 1tonne CH, (IPCC 1996)
Project location Willmar, MN Grid type Central-grid 310 tonnes CO, = 1 tonne N,O (IPCC 1996)
Base Case Electricity System {Baseline) |
Fuel type Fuel mix CO, emission CH,emission N,O emission Fuel conversion T&D GHG emission
factor factor factor efficiency josses factor
(%) (kg/GJ) (kg/GJ) (kg/GJ) (%) (%) (teoo/MVWh)
Coal 50.0% 94.6 0.0020 0.0030 35.0% 12.0% 1.117
large hydro 50.0% 0.0 0.0000 0.0000 100.0% 12.0% 0.000
Electricity mix 100% 153.6 0.0032 0.0049 12.0% 0.559

Does baseline change during project life?l___ No |

‘Proposed Case Electricity System (Wind Energy Project)

Fuel type Fuel mix CO, emission  CH, emission N,O emission  Fuel conversion T&D GHG emission
factor factor factor efficiency losses factor
(%) (kg/GJ) tkg/GJ) (kg/GJ) (%} (%) (too /W)

Electricity system

Wind 100.0% 0.0 0.0000 0.0000 100.0% 12.0% 0.000

GHG Emission Reduction Summary

Base case Proposed case End-use Gross annual GHG credits Net annual
GHG emission GHG emission annual energy GHG emission transaction GHG emission
factor factor delivered reduction fee reduction
[ (ccO2/mwh) | (tCO2/MWR) | _ (MWh) (teor) (%) (teop)
Electricity system 0.559 0.000 1,289 720 | 0.0% 1 720

Complete Financial Summary shest

Version 3.2 © United Nations Environment Programme & Minister of Natural Resources Canada 2000 - 2005. UNEP/DTIE and NRCan/CETC - Varennes

12/13/2006; Willmar Feasibility Study - Suzlon 1.25 Dec rev
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SEBESTA BLOMBERG

Providing Technical 8Business Solutions

@ FINAL REPORT

APPENDIX B

RETScreen Energy Model Suzlon S88 2.1 MW

e East Grand Forks

e  Mankato

e  Willmar
MnSCU Wind Screening Study —REV 1 Sebesta Blomberg & Associates, Inc.
Sebesta Blomberg Project No. 250207.00 December 13, 2006
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RETScreen® Energy Model - Wind Energy Project ] Training & Support |

Units:

Site Conditions Estimate Notes/Range
Project name MnSCU Wind Feasibility Study See Online Manual
Project location Mankato, MN
Wind data source Wind speed
Nearest location for weather data Mankato, MN See Weather Database
Annual average wind speed m/s 8.1
Height of wind measurement m 80.0 3.0t0100.0m
Wind shear exponent - 0.16 0.10t0 0.40
Wind speed at 10 m m/s 5.8
Average atmospheric pressure kPa 100.0 60.0 to 103.0 kPa
Annual average temperature °c 7 -20t030 °C

'System Characteristics Estimate Notes/Range
Grid type - Central-grid
Wind turbine rated power kW 2100 wesp  Complete Eguipment Data sheet
Number of turbines - | 1 i
Wind plant capacity kW 2,100
Hub height m 80.0 6.0t0 100.0 m
wind speed at hub height m/s 8.1
Array losses % 0% 0% to 20%
Airfoil soiling and/or icing losses % 1% 1% to 10%
Other downtime losses % 2% 2% t0 7%
Miscellaneous losses % 2% 2% to 6%

g Estimate Estimate

Annual Energy Production Per Turbine Total Notes/Range
Wind plant capacity kW 2,100 2,100

2.100 2.100
Unadjusted energy production MwWh 7,686 7,686
Pressure adjustment coefficient - 0.99 0.99 0.58101.02
Temperature adjustment coefficient - 1.03 1.03 088t 1.15
Gross energy production MWh 7,837 7,837
Losses coefficient - 0.85 0.95 075 1.00
Specific yield kWh/m? 1,225 1,225 150 to 1,500 kWh/m?
wind plant capacity factor % 41% 41% 20% to 40%
Renewable energy delivered MWh 7,452 7,452

million Btu 25,427 25,427

Complete Cost Analysis sheet

Version 3.2 © Minister of Natural Resources Canada 1997-2005. NRCan/CETC - Varennes

12/13/2006; Mankato Feasibility Study - Suzion 2.1



RETScreen® Ecuipment Data - Wind Energy Project

‘Wind Turbine Characteristics
Wind turbine rated power
Hub height

Rotor diameter

Swept area

Wind turbine manufacturer
Wind turbine model
Energy curve data source

Estimate
2100

80.0

88

6,082

Suzlon

Suzion S88-2.1 MW

User-defined

Notes/Range
See Product Database

6.0t0 100.0m
7t080m
35105,027 m?

Site specific

Wind Turbine Production Data

Wind speed Power curvedata  Energy curve data

{mis) (kW) (MwWhlyr)
0 0.0 0.0
1 0.0 0.0
2 0.0 0.0
3 0.0 0.0
4 14.0 122.6
5 138.0 1,208.9
6 312.0 2,733.1
7 546.0 4,783.0
8 840.0 7,358.4
9 1,180.0 10,336.8
10 1,535.0 13,446.6
11 1,856.0 16,258.6
12 2,037.0 17,844.1
13 2,088.0 18,290.9
14 2,100.0 18,396.0
15 2,100.0 18,396.0
16 2,100.0 18,396.0
17 2,100.0 18,396.0
18 2,100.0 18,396.0
19 2,100.0 18,396.0
20 2,100.0 18,396.0
21 2,100.0 18,396.0
22 2,100.0 18,396.0
23 2,100.0 18,396.0
24 2,100.0 18,398.0
25 2,100.0 18,396.0

Power and Energy Curves
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Energy Model sheet

Version 3.2

© Minister of Natural Resources Canada 1997-2005.

12/13/2008; Mankato Feasibility Study - Suzion 2.1

NRCan/CETC - Varennes



RETScreen® Cost Analysis - Wind Energy Project

Type of analysis: Currency: Cost references:
Inifial Costs {Credits) UnitCost Amount’ Relative Costs ' Quantity Range. -~ Unit.Cost Range "
Feasibility Study
[Feasibility study i Cost ] 1 [IE] 75,000 | $ 75,000 - -
Sub-tofal: $ 75,000 2.0%
Development
[Development ] Cost i 1 13 125000 | $ 125,000 - -
Sub-total: $ 425,000 3.4%
Engineering
|Engineering ] Cost 1 1 [ 85,0001 $ 85,000 - -
Sub-total: $ 85,000 2.3%
Energy Equipment
Wind turbine(s) kw 2,100 $ 11191 $ 2,349,900 - -
Spare parts % | 3.0% $ 2349800 % 70,457 - -
Transportation turbine 1 $ -1 8 - - -
[Other - Energy equipment ] Cost 1 1 $ 175,000 | $ 175,000 - -
Sub-total: $ 2,595,397 70.5%
Balance of Plant
[Batance of piant ] Cost ] 1 (s 525,000 | $ 525,000 - -
Sub-total: $ 525,000 14.3%
Miscellaneous
Contingencies % 5% $ 3,405,397 $ 170,270 - -
Interest during construction [ 6.0% | 12month(s) | $ 3,575,667 107,270 - -
Sub-total: $ 277,540 7.5%
Initial Costs - Total 3,682,937 100.0%

Annual Costs{Credits). . Unit .~ Unit Cost Relative Costs

O&M

[O&m ] Cost | [ [$ 75,000] $ 75,000 - -

Contingencies % [ 10% [ 75000 § 7,500 - -
Annual Costs - Total $ 82,500 100.0%
Periodic Costs {Credits). ] ] i Unit Cost

Drive frain Cost 10 yr $ 250,000 | $ 250,000 - -

Blades Cost 15 yr $ 400,000 | $ 400,000 - -

$ - - -

End of project life Credit - $ -1$ - Go to GHG Apalvsis sheet

Version 3.2 © Minister of Natural Resources Canada 1997-2005. NRCan/CETC - Varennes

12/13/2008; Wankato Feasibility Study - Suzion 2.1
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RETScreen® Energy Model - Wind Energy Project

Site Conditions

Units:

Estimate

Project name MnSCU Wind Feasibility Study See Online lanual
Project location East Grand Forks, MN

Wind data source I Windspeed |

Nearest location for weather data East Grand Forks, MN See Weather Database
Annual average wind speed m/s 7.7

Height of wind measurement m 80.0 3.0t0100.0 m
Wind shear exponent - 0.16 0.10t0 0.40
Wind speed at 10 m m/s 5.5

Average atmospheric pressure kPa 100.0 60.0 to 103.0 kPa
Annual average temperature °C 5 -20t0 30 °C

Tratning & Support

Notes/Range

System Characteristics

Estimate

Grid type - Central-grid

Wind turbine rated power kW 2100 e  Complete Equipment Data shest
Number of turbines - | 1 |

Wind plant capacity kw 2,100

Hub height m 80.0 6.0t0 100.0 m

Wind speed at hub height m/s 7.7

Array losses % 0% 0% to 20%

Airfoil soiling and/or icing losses % 1% 1% to 10%

Other downtime losses % 2% 2% 10 7%
Miscellaneous losses % 2% 2% t0 6%

Notes/Range

Annual Energy Production
Wind plant capacity

Unadjusted energy production

Gross energy production
Losses coefficient

Specific yield

Wind plant capacity factor

Renewable energy delivered

Pressure adjustment coefficient
Temperature adjustment coefficient

Estimate Estimate
Per Turbine Total
2,100 2,100

kW

2100 2100

MWh 6,586 6,586
- 0.99 0.99
- 1.04 1.04
MWh 8,781 6,781
- 0.95 0.95
kWh/m? 1,060 1,060
% 35% 35%
MWh 6,447 6,447

million Btu_ 21,988 21,998

Notes/Range

0.59 10 1.02
0.98t01.15

TE sa 4 NN
O W .Uy

150 fo 1,500 kWh/m?
20% to 40%

Complete Cost Analysis sheet

Version 3.2

© Minister of Natural Resources Canada 1997-2005.

12/13/2006; East Grand Forks Feasibility Study - Suzion 2.1

NRCan/CETC - Varennes



RETScreen® Equipment Data - Wind Energy Project

Wind Turbine Characteristics

Wind turbine rated power kW

Hub height m

Rotor diameter m
mZ

Swept area

Wind turbine manufacturer
Wind turbine model
Energy curve data source -

Estimate
2100

80.0

88

6,082

Suzion

Suzion S88-2.1 MW

User-defined

Notes/Range =
See Product Database

6.0t0 100.0 m
7t080m
3510 5,027 m?

Site specific

Wind Turbine Production Data

Wind speed Power curve data Energy curve data

{m/s) (kW) (MWhlyr)
0 0.0 0.0
1 0.0 0.0
2 0.0 0.0
3 0.0 0.0
4 14.0 122.6
5 138.0 1,208.9
6 312.0 2,733.1
7 5486.0 4,783.0
8 840.0 7,358.4
9 1,180.0 10,336.8
10 1,535.0 13,446.6
11 1,856.0 16,258.6
12 2,037.0 17,844.1
13 2,088.0 18,290.9
14 2,100.0 18,396.0
15 2,100.0 18,396.0
16 2,100.0 18,396.0
17 2,100.0 18,396.0
18 2,100.0 18,396.0
19 2,100.0 18,396.0
20 2,100.0 18,396.0
21 2,100.0 18,396.0
22 2,100.0 18,396.0
23 2,100.0 18,396.0
24 2,100.0 18,396.0
25 2,100.0 18,396.0

Power and Energy Curves

~—&— Power —&— Energy

2,500

2,000

1,500 A

Power (kW)

1,000 4

500 -

8 10 12 14 16
Wind speed (m/s)

18 20 22 24

20,000
% 18,000
T 16000 o
b
14000 =
+ 12,000 §
110,000 =
=]
1 8,000 5
leoon &
1 4,000
+ 2,000
0
Retum fo

Energy Modei sheet

Version 3.2

© Minister of Natural Resources Canada 1997-2005.

12/13/2006; East Grand Forks Feasibility Study - Suzion 2.1

NRCan/CETC - Varennes



RETScreen® Cost Analysis - Wind Energy Project

Type of analysis:| Pre-feasibility Currency: Cost references: None

Initial Costs {Credits) Quantity Unit Cost Amount  Relative Costs . Quantity Range _Unit Cost Range |
Feasibility Study
[Feasibility study [ Cost | 1 I 75,000 | $ 75,000 - -
Sub-total: $ 75,000 2.0%
Development
[Development ] Cost ] 1 s 125000 ] $ 125,000 - -
Sub-total: $ 125,000 3.4%
Engineering
fEngineering j Cost ] 1 J $ 85,000] $ 85,000 - -
Sub-fotal: $ 85,000 2.3%
Energy Equipment
Wind turbine(s) kW 2,100 $ 1,119 $ 2,349,900 - -
Spare parts % [ 3.0% $ 2349900 $ 70,497 - -
Transportation {urbine 1 $ -3 - - -
[Other - Energy equipment ] Cost ] 1 $ 175,000 | $ 175,000 - -
Sub-total: $ 2,585,397 70.5%
Balance of Plant
{Balance of plant | Cost | 1 13 5250001 $ 525,000 - -
Sub-total: $ 525,000 14.3%
fMiscellaneous
Contingencies % [ 5% $ 3405397 $ 170,270 - -
Interest during construction | 6.0% | 12month(s) |§ 3575667 107,270 - -
Sub-total: $ 277,540 7.5%
initial Costs - Total 3 3,682,937 100.0%
'Annual Costs {Credits) Unit Cost Amount  Relative Costs
O&M
[oam T Cost ] 1 B 75,000 $ 75,000 - -
Contingencies % i 10% 13 75,000 $ 7,500 - -
Annual Costs - Total $ 82,500 100.0%
Drive frain Cost 10yr $ 250,000 | $ 250,000 - -
Biades Cost 15yr $ 400,000 | $ 400,000 - -
$ - - -
End of project life Credit - $ -8 - Gp fg GHG Analvgis sheet
Version 3.2 © Minister of Natural Resources Canada 1997-2005. NRCan/CETC - Varennes

12/13/20086; East Grand Forks Feasibility Study - Suzion 2.1
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RETScreen® Energy Model - Wind Energy Project [ Training & Support |

Units:

Site Conditions Estimate Notes/Range
Project name MnSCU Wind Feasibility Study See Online Manual
Project location Willmar, MN
Wind data source Wind speed
Nearest location for weather data Willmar, MN See Weather Database
Annual average wind speed m/s 57
Height of wind measurement m 40.0 3.0t01000m
Wind shear exponent - 0.16 0.10t0 0.40
Wind speed at 10 m m/s 4.6
Average atmospheric pressure kPa 100.0 60.0 to 103.0 kPa
Annual average temperature °C 6 -20 10 30 °C

System Characteristics Estimate Notes/Range

Grid type - Central-grid
Wind turbine rated power kW 2100 == Complete Fouipment Data sheet
Number of turbines - i 1 ]
Wind plant capacity kW 2,100
Hub height m 80.0 6.0t0 100.0 m
Wind speed at hub height m/s 6.4
Array losses % 0% 0% to 20%
Airfoil soiling and/or icing losses % 1% 1% to 10%
Other downtime losses % 2% 2%1t0 7%
Miscellaneous losses % 2% 2% to 6%
Estimate Estimate
Annual Energy Production Per Turbine Total Notes/Range
Wind plant capacity kW 2,100 2,100
2.100 2.100

Unadjusted energy production MWh 3,489 3,489

Pressure adjustment coefficient - 0.99 0.99 0.58 10 1.02

Temperature adjustment coefficient - 1.03 1.03 0.98101.15
Gross energy production MWh 3,557 3,557

Losses coefficient - 0.95 0.95 0.75t 1.00
Specific yield kWh/m? 556 556 150 to 1,500 kWh/m?
Wind plant capacity factor % 18% 18% 20% to 40%
Renewable energy delivered MWh 3,382 3,382

million Btu 11,541 11,541

Complete Cost Analysis sheet

Version 3.2 © Minister of Natural Resources Canada 1897-2005. NRCan/CETC - Varennes

12/13/2008; Wilimar Feasibility Study - Suzion 2.1



RETScreen® Equipment Data - Wind Energy Project

Wind Turbine Characteristics Estimate Notes/Range
Wind turbine rated power kW 2100 See Product Database
Hub height m 80.0 6.0t0 100.0 m
Rotor diameter m 88 7t080m
Swept area m? 6,082 3510 5,027 m?
Wind turbine manufacturer Suzlon
Wind turbine model Suzlon S88-2.1 MW
Energy curve data source - User-defined Site specific

Wind speed Power curve data  Energy curve data

{m/s) (kW) (MWhlyr)
0 0.0 0.0
1 0.0 0.0
2 0.0 0.0
3 0.0 0.0
4 14.0 122.6
5 138.0 1,208.9
6 312.0 27331
7 546.0 4,783.0
8 840.0 7,358.4
9 1,180.0 10,336.8
10 1,535.0 13,446.6
11 1,856.0 16,258.6
12 2,037.0 17,8441
13 2,088.0 18,290.9
14 2,100.0 18,396.0
15 2,100.0 18,396.0
16 2,100.0 18,396.0
17 2,100.0 18,396.0
18 2,100.0 18,396.0
19 2,100.0 18,396.0
20 2,100.0 18,396.0
21 2,100.0 18,396.0
22 2,100.0 18,396.0
23 2,100.0 18,396.0
24 2,100.0 18,396.0
25 2,100.0 18,396.0

Power and Energy Curves
—&— Power ~-#— Energy

2,500 20,000

¥ 18,000
2,000 + 16,000 T
s + 14,000 =
2
X 1,500 { +12000 &
g 110000 =
=
& 1,000 A + 8,000 §
+ 6,000 i

500 - + 4,000

1 2,000

0 — - 0
0 2 4 6 8 10 12 14 i6 18 20 22 24
Wind speed (m/s)
Return to
Energy Model sheet
Version 3.2 © Minister of Natural Resources Canada 1997-2005. NRCan/CETC - Varennes

12/13/2006; Wilimar Feasibility Study - Suzlon 2.1



RETScreen® Cost Analysis - Wind Energy Project

Type of analysis:| Pre-feasibility Currency: $ Cost references:

initial Costs {Credits) Unit Cost Relative Costs . Quantity Range

Feasibility Study

Quantity Amount ‘Unit Cost Range

[Feasibility study | Cost 1| 1 3 75,000 ] $ 75,000 - -
Sub-fotal: $ 75,000 2.0%
Development
{Development ] Cost ] 1 [ 125,000 ] $ 125,000 - -
Sub-total: $ 125,000 3.4%
Engineering
|Engineering ] Cost T 1 Ts 85,000 8 85,000 - -
Sub-total: $ 85,000 2.3%
Energy Equipment
Wind turbine(s) kw 2,100 $ 1,118 ] $ 2,349,900 - -
Spare parts % [ 3.0% $ 23495,900 $ 70,497 - -
Transportation turbine 1 $ -1 % - - -
[Other - Energy equipment ] Cost | 1 3 175,000 | $ 175,000 - -
Sub-total: $ 2,595,387 70.5%
Balance of Plant
[Balance of piant [ Cost ] 1 [$ 525000 $ 525,000 - -
Sub-total: $ 525,000 14.3%
Miscellaneous
Contingencies % 5% $ 3,405,387 § 170,270 - -
Interest during construction | 60% | 12month(s) | $ 3,575,667 107,270 - -
Sub-total: 277,540 7.5%
Initial Costs - Total 3,682,937 100.0%
‘Annual Costs {Credits) . ) ] . UnitCost Amount_Relative Costs
O&M
[Cam I Cost | 1 s 75000 | $ 75,000 - -
Contingencies % ] 10% s 75,000 § 7,500 - -
Annual Costs - Total $ 82,500 100.0%
Drive train Cost 10yr $ 250,000 | $ 250,000 - -
Blades Cost 15yr $ 400,000 | $ 400,000 - -
$ . - -
End of project life Credit - $ -1 $ - 3o to GHE Analysis shest
Version 3.2 © Minister of Natural Resources Canada 1997-2005. NRCan/CETC - Varennes
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