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PREFACE

This technical report, prepared as a part of Task No. 6720.40,
presents an economic analysis for distributed wind energy conver-
sion systems. Included are the breakeven analysis and life-cycle
cost models, and a calculation of the cost of electricity generat-
ed by selected wind systems in residential and agricultural appli-
cations. The breakeven capital cost of wind systems competing
with conventional power sources in dispersed applications is also
estimated.

The author wishes to express appreciation for the technical assis-
tance offered by W. Benson of Midwest Research Institute and by
several staff members of the Solar Energy Research Institute:
S. Christmas and B. Witholder, Economics Analysis Branch, and
R. Hewett, Quality Assurance and Standards Branch.
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SUMMARY AND CONCLUSIONS

An economic analysis for distrlbuted Wind Energy Conversion Systems (WECS) has
been conducted for the Department of Energy (DOE) as part of the Solar Commer-
cial Readiness Assessment task at the Solar Energy Research Institute (SERI).

The objective of this paper is to analyze:

- The cost of electricity generated by selected wind energy systems in
‘residential and agricultural applications,

e The breakeven cost of wind systems able to compete economically with
conventional power sources in dispersed applications, and

. AThe'impact of major economic factors on the cost performance index.

Two;méjor measures of economics used are breakeven period and levelized cost
of electricity (life-cycle cost).

The cost performance index was calculated for a dispersed application of a
commercially available 10 kW wind turbine generator. All-electric homes con-—
suming 15,000 kWh annually or more have been selected for analysis. The agri-
cultural application is represented by a commercial poultry and egg farm de-
manding over 92,000 kWh annually.

The economics of WECS in dispersed applications is strongly site-dependent for
the following reasons: the performance of the systems is a function of wind
resources; today's fuel prices and electric rates, which determine immediate
cost and savings, vary across the nation; and load prdfiles even in the same
application are affected by seasonal changes that vary across the nation.

The impact of major 'economic factors on the cost performance index is based on
analysis of the following parameters: installed cost of WECS; cost of elec-
tricity; evaluation rates for the price of electricity; capacity factor as a
function of system performance and wind velocity; and wind energy output uti-
lization fraction as a function of user's load profile and WIG output curve.

The study concludes with several observations. The present price of small
(1-40 kW) commercially available WECS ranges from $1,000-$6,000/kWh (1979%).
Some existing systems are competitive in limited segments of any given
market. In areas representing high wind resources (Alaska, Hawaii, New
England) and/or high prices of conventional fuels, small scale WECS appear to
be economically viable even today, particularly for applications that qualify
for federal incentives contained in the National Energy Act of 1978.

Significant reductions in wind system energy costs (as compared to those re-
quired for market injitiation) are required to enable these systems to compete
effectively with conventional energy systems. The breakeven cost under the
best market conditions, those analyzed in this paper, should not exceed
$1,200/installed kW (19798). The capital cost of the wind systems have to be
reduced to the range of $600-$800/kW (1979$) for broad market applications.
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The number of economically feasible applications for WECS is expected to in-
crease markedly as the price of conventional fuels increase, and WECS prices
decline, through mass production, to about $600 to $800 per installed kilowatt
at a rated wind speed of 18 mph.

vi
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SECTION 1.0

INTRODUCTION

Although interest in wind energy is increasing, wind energy conversion sys-
tems (WECS) have yet to achieve widespread commercialization. Commercializa-
tion is a multistage process in which a system is developed to a point of
economic and technical viability. Technical progress and the resolution of
numerous economic and noneconomic issues are required before widespread accep-
tance of WECS. ‘

System cost and, economics have a major influence on the commercial readiness
of a system. In addition to a system's technical reliability, the cost of
energy. produced by WECS is a key factor upon which prospective users will base
their purchase decisions. The principal role of the technology development
activity is to reduce the cost of energy to the point at which the wind system
is competitive with conventional systems.

This paper analyzes the breakeven/market relationship and the different eco-
nomic values of wind systems for the various markets. A set of conditions is
developed that is necessary to enable these systems to become economically
competitive.

1.1 ECONOMIC ANALYSIS ASSUMPTIONS

The foilowing assumptions were used in the residential and agricultural dis-
tributive WECS economic analysis:

e For both applications, the analysis is based upon the technical and
"economical performance of the commercially available Modei 10-3-IND
10 kW machine produced by Millville Wind and Solar Equipment Company.
The installed cost is in the range of $1,000 to $1,100/kW.

e The WECS annual output is estimated for three of the most typical sites
in the United States. The data used, which detail the percentage of
~time that differcent wind speeds occur at each site, were provided by
Rocky Flats Plant.

e Two measures of economic performance are the breakeven period and the
levelized cost of electricity.

e For residences, the economic analysis is based on an all-electric home
requiring 15,000 kWh of electricity annually.

.® The agricultural application is represented by a commercial poultry and
egg farm demanding over 92,000 kWh annually.

e Wind systems, in both applications, are competing against electric
power generated by the local utility.

e The wind energy used by the homeowner or farmer is valued at the aver-
age retail price of electricity (for 10 selected states) up to the
point where wind generation reaches required application load.
Electricity generated in excess of the required home or farm loads is
sold back to the utility at the fuel replacement value (average fuel
cost for selected states to generate net kWh of electricity).

1
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SECTION 2.0

METHODOLOGY

The economic evaluation of wind energy systems is approached through analysis
of breakeven period and life-cycle cost. Both models are parametric, since
costs and savings are a function of many variables that differ by geographic
region as well as by end user. Models can be used for performirng sensitivity
analyses. -

Although the cost and savings elements associated with purchasing, owning, and
operating a wind machine are the same for both analyses, equations describing
model processing are different. Determination of amounts and timing of cash
flows is performed differently for each model.

2.1 BREAKEVEN ANALYSIS MODEL

The breakeven costs and savings accumulated over a certain period of time are
computed by a quantitative model. The breakeven period is achieved when the
present value of cumulative savings equals the present value of cumulative
costs. Figures 2-1, 2-2 and 2-3 show the overall model logic for residential
and agricultural applications, respectively. The parametric values used in
the model are provided in Table 2-1,

2,1.1 Model Processing

The model. processing is based on computations of annual costs and savings for
each operating year. The equations used in computing the breakeven period for
distributive wind systems applications are given. Definitions of the symbols
and parametric values used in the equations are provided in Tables 2-1 and
2-2, C

2.1.1.1 Equations Used in Computing Present Value (PV) of Costs for Year "n
-on a Year-by-Year Basis

e Down payment, D:
D=d xC .

o Present value of .annual mortgage payment, PV(M):

i (1 +1)n N 1
1+4)" -1 (1 + k)n

'?v(M) =(1-4d)¢C

e Present Qalue of annual mortgage interest tax reduction, PV(T):

x f .

PV(T) = -'<1 - d)c ((1 + 1) - 1+ 1)(n - 1)) {

(1+1)n -1 (1 + k)0
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Present Value of Cumulative Cost

Present Value of Cumulative S‘aving.s

I

Downpayment

T

+

s

Mortgage
Payments

Value of Electricity .
Replaced by Solar

Tax Reduction +
from Mortgage
Interest

-+

" Value of Electricity
Sold Back to Utility

Sales Tax Less
Income Tax Reduction

4+

Property Tax Less
Income Tax Reduction

-+

Insurance

Solar Energy Tax Credits (Federal and State)

-+

0&M

Figure 2-1.

Breakeven Period Model Flow Diagram
for Resldential Sector Application
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Present Value of Cumulative Costs ) Present Value of Cumulative Saving
. Downpayment Present Value of the Sum of
Annual Electricity Savings
+ \ Less Income Tax Reduction
Interest or Construction Loan . +

Present Value of the Sum of
+ Annual Electricity Sold to Utility
Less Income Tax Reduction

Loan Paymenté

+

Loan Interest,
Less Income Tax Reduction

Sales Tax, Less Income
Tax Reduction

.+.

Property Tax,
Less Income Tax Reduction

+ ' Breakeven

Period

‘Insurance Payments, Less Income Tax Reduction

Tax Reduction from Depreciation’

Investment Tax Credits (Federal and State)

+

O&M, Less Income Tax Reduction

Figure 2-2, Breakeven Period Model Flow Diagram
for Agricultural Sector Application
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Figure 2-3. Cash Flow Diagram



Table 2-1. ECONOMIC ANALYSIS PARAMETERS

Parameter Value

Para- Base Case
meter -—
Number Parameter Description Residential Agricultural - Alternative Cases
1 Total cost of system ($§) 9,362 10,100 2,000 4,000 7,000 10,000 13,000
‘2 Hardware cost of system ($) 7,623 8,360 1,200 2,800 5,600 8,200 10,660
3 WECS 1nstallation cost (§) 1,739 1,740 800 . 1,200 1,400 1,800 2,340
4 Down payment (fraction of total :
system cost) 0.20 0.20 0.20 for each case
5 Mortgage period (yr) 20 20 20 for each case
6 Annual interest rate 0.11 0.10 0.11 for residential; 0.10 for agricultural
7 State sales tax rate 0.04 0.04 0.04 for each case
8 System owners marginal federal
tax rate 0.25 0.25 0.25 for each case
9 Annual energy demand (kWh) 15,000 92,224 15,000 for residential; 92,224 for agricultural
10 Utilization factor of wind energy
output (fraction) 0.80 0.80 0.80 and 0.60 for each case
11 General inflation rate 0.06 0.06 0.06° 0.06 0.06 0.06 0.06
12 Fuel cost inflation rate 0.08 0.08 0.08, 0.10, and 0.12 for each case
13 Price of electricity ($/kWh) 0.043 0.045 0.043 for residential; 0.045 for agricultural
14 Discount rate 0 0
15 Federal tax credit ($) 2,072 2,020 The National Energy Act (1978)
16 State tax credit ($) 0 0
17 Annual insurance preminm (% of
total system cost) 0.03 0.03 0.03 for each case
18 Annual O&M cost (fcaction of
total system cost) 0.01 0.01 0.01 for each case
19 Wind system annual output (kWh) 11,200 14,350 Residential—— 6,000 Agricultural-- 8,000
for each 11,200 for each case 14,350
. case 17,900 22,000
20 Sellback ratio 0.20 0.20 0.20 and 0.40 for each case
21 Sellback price $/kWh 0.021 0.021 0.021 for each case
22 Depreciation indicator
(0 = no, 1 = yes) 0 1 0 for residential; 1 for agricultural
23 Property tax rate {fraction of . . .
assessed value) 0 0 No property tax
24 Lifetime of system (yr) 25 25 25 years for each case

i RES

,_
\_
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Table 2-2. SYMBOLS USED IN THE MODEL

Down payment ($) ~
Down payment as a fraction of total system cost
System~installed cost ($)

Annual mortgage payment ($)

Mortgage period (yr)

Annual mortgage interest tax reduction (§)-
Interest rate

Year for which calculation is being made
Discount rate

System owner's marginal federal tax rate

Net effective sales Lax on initial capital cost (s)
Stale sales tax rate :
Annual property tax ($)

Property tax rate '

Asseased valuc of insured system ($)

Insurance rate

Annual insurance premium ($)

General inflation rate

8E Electricity inflation rate

S Fuel cost inflation rate

Fge Federal investment tax crecdit ($)

te Federal tax credit rate

Fg State investment tax credit

tg State tax credit rate

0&M Operating and maintenance cost ($)

O&M cost as a fraclLion of system cost

System lifetime

Tax life of the system (yr)

Wind eystem auuual output (kWh)

Annual energy needs of the homeowner or farmer (kWh/yr)
Wind energy used by system owner (kWh)

Value of electricity replaced by wind energy ($)
Wind erergy sold back to the utility (kWh)

Valne of electricity sold back to the utility ($)
Price of energy to the end user (§/kWh)

Price at which system output sold to lucal utility ($/kWh)
Annual depneuiation expense

R HTPOROWNAEDS FPAZEX0A0
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o ‘Net,effective sales tax on initial capital cost (owing to sales tax
- deduction on ‘income tax), S:

S=@0-f) xCxs .

' oA Present value of effective property tax expense (adjusted for federal
income tax»effects), PV(P):

_pr(l'l‘g)n

(1 + k)N a-o .

PV(P) =

e Presentlvalue"of_annual insurance payment expense, PV(I):

b-'.Residential '
n
PV(I) = hxC(l+g)
(1 + k)
= Agricultural
' ) n
py(r) =B xC A+ )T _ gy |

(1 + k)0
o Federal investment tax credit, Fg:
Fg=C x tg¢
~—f Residential
' Tax credit of 30%Z on first $2,000 of investment in solar system.
Tax credit of 20%Z on next $8,000 investment.
Maximum tax credit of $2,200.
- Agricultqral
- 20% of 1nvestment in solar system.

e State investment tax credit, Fg:
Fg = C x tg .

e Present value of annual O&M cost, increasing at rate g and discounted
at rate k, PV(O&M):

- Residential
py(oay) = L X C x (1 + g)n
(1 + k)0
- Agricul;ufal
. . n
pvosM) =4 X C A+ )T (1 _ 4y

(1 + k)0
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Vv

® Present value of annual depreciation expense (adjusted for federal
income tax effects) assuming sum—of-the-year-digits (SOYD) deprecia-
tion, PV(Z):

- Agricultural only

_ _ 2 (u+1l-n) 1 n'
PV(z) = (1 - £) C u (u + 1) [l + k] *

2.1.1.2 Equations Used in Computing Present Value (PV) of Savings for Year "n
on a Year-by-Year Basis:

e Preseat value of alertticliy replaced by wind energy (annually)
increasing at electricity ccecalation rate, PV(EU):

l+gEn
PV(EL) = Qu X 9B |TF % | °

e Present value of the electricity sold back to the utility (annually)
increasing at fuel cost escalation rate, PV(ES):

1+ gp|™
PV(Eg) = Qs X qF | T+ % | °

2.2 LIFE-CYCLE COST MODEL

The technique of life-cycle coust analysis cuusiders total relevant costs over
the life of a system. A very important step is the determluation of rthe
amount and time of positive and negative cash flows associated with wind
systems over the system's life-time. Life-cycle costs are computed with a
present value. In the present value model, all costs and savings are fore-
casled after the period of analysis (equal to life of system) and then dis-—
counted to an equivalent single coust today.

2.2.1 Model Processing

2.2.1.1 Present Value Life-Cycle Cost, PV(LCC):

Residential

+ Down Payment

+ PV Mortgage
PV(LCC) = { + PV 0&M

+ PV Insurance

~ PV Tax Effects

10
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where

PV (Tax Effects) = Tax Rate x (PV Interest + Sales Tax + PV Property Tax)
+ Investment Tax Credit.

Agricultural
+ Down Payment
1 + PV Mortgage
PV(LCC) = + PV O&M
. 1 - Tax Rate + PV Insurance
- PV Tax Effects
where

PV (Tax Effects) = Tax Rate x (PV Interest + PV Depreciation + Sales Tax
+ PV Property Tax + PV O&M + PV Insurance)
+ Investment Tax Credit.

Given these 'Present Value Life-Cycle Costs PV(LCC), the Annual Levelized
Costs (ALC) can be found as follows:

u
ALC (in nominal dollars) = PV(LCC) x k (1 + k)
’ 1+Kru-1
u
ALC (in constant dollars) = PV(LCC) x —= (1 + w)
(1 +wv -1
where
kg
1+g

2.2.1.2 Present Value of Life-Cycle Savings PV(LCS)

PY(LCS) = { + PV of electricity replaced by wind energy
+ PV of electricity sold back to the utility

Annual Levelized'Sévings, ALS, is the same as ALC.

2.2.2 Equations Used in Computing Life-Cycle Cost
. uDoqnpayment, D:

D=dxC .

11
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Present value of mortgage, PV(M):

1 A+ DV @+ V- 1]

PV(M) = (1 - d) C
a0 =« ) [(1 + VN -1k @+ KN

Present value of mortgage interest, PV(T):

1@+ Y

= a+al-1
py(T) = [+ le - — 1-dc .
k (1 +Nk) 1+ Lo
L+ k) 1 1
where
Lo i-k
1+ k

Present value of operating and maintenance cost, PV(0&M):

(1 +wuv-1

PV(0&M) =
w (1 + w)t

X j x C .

where'u = lifetime of the system

_ discount rate - general inflation rate _
i = general inflation rate

k-g
i+g

Sales tax on initial capital cost (first year ot operéLion io charged
in full)
Present value of property tax, PV(P):

(1 + w)u -1
w (1 + w)t

PV(P) = xp XA

Present value of insurance payments, PV(I):

u .
py(r) = SEEWE =1 Lo
w (1 + w)u
Federal investment tax credit, Fg:
C xt
Fg = F
(1 + k)

12
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Residential

- Tax credit of 30% on first $2,000 of investment.

= Tax credi; of 20%-on next $8,000 of investment.

- Maximum tax credit of $2,200.
Agricultural_':
- 20% 0£ investment in solar system.

Present value of depreciation expenses, PV(Z), (SOYD method)

Agricultural only
r -
2[r_(1+k) 1]
L. k (Q+K)T

r (r +1) k *

© PV(Z)/= C x

Equations Used in Computing.Life—Cycle Savings

Present value of electricity replaced by wind energy, PV(Eu):

' (L+wv)u-1
PV(E,) = Q, X
u u 1E. v (1 + v)u
where:
_k- &
VITH 8E

Present value ofhelectricity sold back to the utility, PV(ES):

(1L +v)v -1
v (1 + v)u

_ PV(Eg) = Qs x qF

13
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SECTION 3.0

ECONOMIC ANALYSES
3.1 RESIDENTIAL APPLICATIONS

3.1.1 Base Case

The analysis is based on the Millville Model 10-3-IND 10 kW wind machine
(installed on a 40-ft tower) and an all-electric home with an annual electri-
city requirement of 15,000 kWh. Figure 3-1 portrays the load profiles for a
single family house located in four different sites. Such homes represent
significant markets in the United States. A comparison between electric and
gas installations in tract homes indicates an increasing trend toward the
former. The actual value of a WECS system to a particular owner is a function
of: '

e The prevailing annual mean wind speed and general weather conditions;
e The cost and performance characteristics of the wind machine;

e The financial parameters affecting purchase and operations, such as the
method and amount of financing, (interest rate, loan term, insurance
rate, property tax), and tax credits; and

@ The size and daily pattern of the electrical load served and the corre-
lations between output curve and load profile curve.

All these factors may significantly change the economics of applied wind
machines. Table 3-1, a variation on the base case, shows the impact of WECS
utilization factor and wind resource on breakeven period and levelized cost of
electricity at three different sites, Figure 3-2 characterizes system output
for the Millville Model 10-3-IND wind machine as a function of wind speed. As
shown, the levelized cost of electricity for the moderate wind site (5 m/s)
and 80% of utilization factor equals $0.099 kWh in nominal dvullars. The
corresponding breakeven period is 20 years.

Wind turbine generators located in a high wind site (6 m/s) may achieve about
three times higher output compared to the output at a low wind site (4 m/s).
The levelized cost of .electricity decreases substantially from $0.195 kWh to
$0.058/kWh.

3.1.2 Sensitivity Analysis

Many uncertainties»eXist'regarding the capital cost of wind systems and the
economic environment influencing the competition of wind systems and conven-
tional energy technologies. The cost performance index is based on parametric
analysis: ‘

e Installed cost of WECS varies from $200 to $1,300 per installed kW;

° CoSE of electricity ranges from $0.02/kWh to $0.08/kWh;

15



91

$311J01d peo aWoH d14103(3-1Iv Allwed 3ibuig -|-¢ aunbigy

3600

A

34004
3200+
3000
280¢-
2600+
2400+
200-
20004
1800
1600+
14001
12001

1000

All Load Includes:
Base Load [Lights, Misz. Apglications)

Cooking & Drying.....covoeneenncess
Hot Domestic Water.......cov0vvee.s
Cooling:
Phoenin 11,739
Albuquerque 2,802
Boston 2,293
\ Miami 13,779
\ Heating:
\ Phoenix 1,013
’ Albuquerque 5,264
\ Boston 8,725
\ Miami [:H

Annual kWh

....... 4,384

——— Phoenix
————— Albuquerque

———— Boston

e Miami

Source: Ger.eral Electric, Spac3 Division

-
11}
-

_'RES

086-4L



LT

Table 3-1. BREAKEVEN PERIOD AND COST OF ELECTRICITY FOR SELECYED SITES AND ENERGY UTILIZATION FRACTIONS FOR RESIDENTIAL

APPLICATION

WECS Output Utilization Sellback atr $0.021/kWh Breakeven

Levelized Cost of
Electricity (Life~-
Cycle Cost)

($/kuWh)
Average Wind Sp=zed Annual Outpuz Capacity — Peried

m/s at 40 ft Tower © (kWh) Factor Fraction (kWh) Fraction (kWh) (Years) Inflated$ 2 Constant$ 2

4 6000 0.068 0.8 4800 0.2 1200 39 19.5 11.4

0.6 3600 0.4 2400 40 24,5 13.8

5 11,200 0.128 0.8 8960 0.2 2240 20 9.9 5.6

. 0.6 6720 0.4 4480 25 11.7 6.6

6 17,900 0.204 0.8 14,320 0.2 3580 11 5.8 3.3

0.6 10,740 0.4 7160 13 6.2 3.5

81nflated (market) dollars include an inflation factor, whereas constant dollars are net of inflation.

used as long as costs to be calculated are expressed in corresponding terms.

Either expresslon may be
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o Escalation rates for the price of electricity changes from 8% to 12%
including general inflation rate;

e Capacity factor, as a function of system performance and wind velocity,
ranges from 6.8% to 20.4%.

e Wind energy output utilization fraction as a function of user's load
profile and WECS output curve is altered from 80% and 60%.

Figures 3-3 through 3-6 show the sensitivity of breakeven period and system
installed cost to the described factors. As shown, the capital cost of WECS
and the alternative cost of electricity are two critical parameters in WECS
economics. The capital cost will be reduced and wind system performance
improved as technological advances are made over time. In additlon, as the
cost of competitive energy increases, the economics of WECS will become more
attractive,

For each figure, the solution space is defined by the area below the hori-
zontal line through eight years (assumed breakeven period) on the ordinate.
To achieve the required breakeven period, if the energy utilization rate is
80% of annual WECS output, the breakeven capital cost ($/installed kW) of this
system would have to be reduced to the values shown in Table 3-2,

As the WECS utilization factor increases from 0.6 to 0.8, the breakeven period
decreases. Hence, wind systems are most cost effective when a close temporal
correspondence exists between demand and wind availability-—-that is, when the
overwhelming bulk of WECS output is used by the end user on site, rather than
sold back to the utility.

Table 3-2. IMPACT OF ECONOMIC FACTORS ON 10 kW WTG IN RESIDENTIAL.
APPLICATIONS

Break—even Capital Cost $/kW at Selected Competing Cost
of Electricity

2¢/kWh 4¢/kWh 6¢/kWh 8¢/kWh
Inflated at: Inflated at: Inflated at: Inflated at:
Site
Annual Output 8% 12% 8% 12% . 8% 12% 8% 12%
4 m/s Site
6,000 kWh
Annual Output 200 250 - 280 320 470 520 530 630
5 m/s Site
11,200 kWh
Annual Output 280 350 540 630 800 910 1,000 1,130
6 m/s Site
17,900 kWh
Annual Output 500 580 820 930 1,100 1,240 1,350 1,460
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Table 3-3. BREAKEVEN PERZOD ANL' COST CF ELECTRICITY FOR SELECTED SITES AND UTILIZATION FRACTION
(AGRICULTJRAL APPLICATION) ,

Cost of Electricity
(Life-Cycle Cost)

via

b
[a—

Average System's Output Utilization Breakeven ($/kWh)
Wind Speed Capacity Qutput Sellback  Period
~ At 60 ft High Tower Facztor kWh/Annually Frection (kWh) (kWh) (Years) Inflated$ Constant$
&
4 m/s J.091 8000 0.8 6400 1600 33 15.9 9.0
: 0.6 4800 3200 41 19.7 11.2
5 m/s - 0.164 14,350 0.8 11,480 2870 15 8.4 4.7
. 0.6 8610 5740 19 9.6 5.4
6 m/s 0.251 22,000 c.8 17,600 4400 5 5.1 2.9
0.6 13,200 8800 7 5.2 3.1
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The Millville wind machine may compete effectively 'under either of the follow-
ing set of conditions:

I. Annual output 17,900 kWh,
Utilization fraction 807%,
Competing price of electr1c1ty $0.06/kWh escalated at 8% annually
Annual output 11,200 kWh,
Utilization fractlon 80%

Competing price of electricity $0.08/kWh escalated at 8% annually.

II.

Generally, wind systems already available in residential applications may be
economically feasible in regions with good wind resources (6 m/s average wind
velocity), particularly in locations where utility retail electric rates are
either already high ($0.06/kWh) or escalating rapidly. / :

3.2 AGRICULTURAL APPLICATION

For agricultural applications, the economic indicators were computed for an
egg farm using a Millville Model 10-3-IND 10 kW machine installed on a 60 ft
tower.

The market for WECS in the agricultural sector is broad and diverse, ranging
from irrigation and crop drying to home space and water heating.

Commercial poultry and egg farms appear to have characteristics best suited
for WECS application (high and uniform energy requirements).  Figure 3-7
portrays the load profile for a fully automated, 30,000-bird-cage farm. The
following conditions exist: birds receive light 24 h every day; ventilation
is provided by 24.5 hp fans; electricity is used to heat the egg room; and
average egg collection is 21,000/day.

Analysis of the load duration curve indicates that a 10 kW machine should be
optimal for three seasons--fall, winter, and spring. The daily load profile
curve varies between 6 and 13 kW. During the summer, ventilation requirements
increase the load profile to 20 kW.

3.2.1 Base Case

The expected energy output is a function of a WECS power curve and the wind

profile curve at the site. A wind turbine installed on a 60 ft high tower at
three selected sites; 8.95 mph (4 m/s), 11.8 wph (5 m/s), 13.42 mph (6 m/s)

should produce 8000; 14,350, and 22,000 kWh/yr respectively.

The breakeven perind and the levelized cost of electricity for the analyzed
machine appear in Table 3-3.

Wind resource significantly affects the performance of a WECS. Assuming a
WECS utilization factor of 0.8, an increase in the wind resource from 4 m/s to
6 m/s increases expected annual output from 8000 to 22,000 kWh. Breakeven
period decreases from 33 to 5 ycars and levelized cost of electricity produced
by wind machines drops from $0.159/kWh to $0.051/kWh. The selected wind
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machine installed at 6 m/s average wind velocity site, with 80% utilization of
output and 20% sellback to the utility at $0.021/kWh, may achieve a breakeven

period of five years if the competing cost of electricity is $0.045/kWh or
more.

3.2.2 Sensitivity Analysis

Figures 3-8 through 3-11 present the economic impact of installed cost, cost
of competing energy, wind energy output, and utilization fractions on the
breakeven period. The area below the horizontal line through six years pre-—
sents required conditions to meet a six year breakeven period. Points on the
horizontal line corresponding with the scale line of capital costs indicate
reyuired capital coust redurtion. Table 3-4 presents the .installed cost of
wind systems that farmers are wllling to acdcept under indicated conditions.

Table 3-4. IMPACT OF ECONOMIC FACTORS ON 10 kW WTG IN AGRICULTURAL ‘
APPLICATIONS :

Break-even Capital Cost $/kW at Selecﬁed Competing Cost
of Electricity '

2¢/kWh 4¢/kWh  6¢/kWh 8¢/kWh
Inflated at: Inflated at: Inflated at: Inflated at:
Site - . '
Annual Output 8% 12% 8% 12%’ 8% 12% 8% 12%
4 m/s Site
8,000 kWh ' '
Annual Output 200 230 330 400 480 550 680 760
5 m/s Site
14,350 kWh
Annual Output 350 410 640 700 900 1,020 1,200 1,360
6 m/s Site
22,000 kWh R
Annual Output 540 630 1,000 1,100 1,300 1,300 -— -
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