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Clean Energy Decision Support Centre
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Upon Completion of the Course
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Course Outline

Introduction to Clearn Energy Project Analysis

Wind Energy Project Analysis
Szl Flydro Project Analysis
Priotovoltaic Project Analysis

Compined rleat & Power Project Analysis

Blornass rleating Project Analysis
Solar Alr Hea't]ng Project Analysis
Solar Water rleating Project Analysis

Passive Solar rleating Project Analysis

Ground-Source rleat Purnp Project Analysis

Pefrigeration Project Analysis
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Case Studies » SOLAR AIR HEATING
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Download Free »
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Coursa Matarials

RETScreen® International Froject Analsi Froject Anahsi Engineering Froject
Software Training Course e-Textbook Case Studies
13 .:'F:":'r't Certre hdadel [ hiadule Chapter Callaction
Introduction
Wind Energy
Small Hydro
Photovoltaics

Combined Heat & Power
Biomass Heating

Solar Air Heating

Solar Water Heating
Pas=ive Solar Heating

Ground-Source Heat Pumps

Refrigeration
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Softwarae & Datz

RETScreen® International Clean Energy Project Analysis Software
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Tralning Materizal

> Clean Energy Project Analysis Course

Solar Water Heater — Municipal Pool



RETScreen® International :

ean Energy Project Analysis: RETScreen

CLEAN ENERGY PROJECT CASE STUDIES

Wind Enerimy Project Case Studles:

Ihese iles arc a collection of project case studies, including
assianments, worked-out solutions (RCTSereen Sofware Analysis)
and information about how the projects fared in the real world.

Hequiremants: Adobe Acrobat Readar 1.0 or highar.

Click onthe buttons below to open or download the PO files {approc
250 KR wach)

Counfry

WIHDO Remnule Communily ukun Tenilury Camada
WINDDZ  Windiarm Rapevearing Albarta Canada
WINDOT  Green Mower Mioduction Alberta Canada
wnnna  n-Eannanmed Bndhra Fradeh India

WINDOG Laige Wind Tuibines Hiedermachsen Genmany
WINDOG ‘Drtshone Windianm Copenhagen Denmam

Y Engineering & Cases

Clean Energy
Project Analysis

e

Assignment

RFTSereen iniermasional

i
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= Casnli

Case Study Example
Solution

e by -

e e s ra e

RETSereen Siudy

Real Project

RITScreen’ Inbernational




Marxetplace & Calendar
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gt ol RETScraen International helps to promote the implamentation of clean snergy
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yia this Internet-based Marketplace.
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> Overview of Course (completed)

> Status of Clean Energy Tecnnologias

o Clean Energy Project Analysis with PETScreer

o Greennouse Gas Emissions Analysis witn
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> Financial and Pisi Analysis witn PETScrezn™ Software

> Surnrery
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Status of Clean Energy

Clean Energy Projsct Analysis Course

Windfarm

Passive Solar Home
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Electricity Generation with Wood Residues

Irnologiaes

Photovoltaics and Solar Water Heating



Penewanle Energ)

100% -

75% -

50% -

25% A

Energy Demand

0%

Conventional Efficient Efficient &
Super Insulated Passive Solar Home Renewable



Reasons for Clean Energy
Tecnhnologles

> Environmerital Wind Energy: Electricity Generation Costs
40
30
o> Econormic 20
10
0
> Social e o o

Years



Comrnon Cnaractaeristics of Clean
Energy Tecnnologles

> Pelative to conventional tecnnologies:



Totzl Cost of an Energy Generating
or Consurming Systermnm

> Total] cost = purcnzse cost
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-+ annual ruel and O&)Y cosis
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Winel ?nﬁrgy
Tecnnology ¢ Applications

o Need good winds

> Applications

%

.

Central-Grid ' Isolated-Grid [ | Off-Grid



Wined Energy Market

Annual Wind Turbine Installations Worldwide

8,000 - 8,000
Worldwide installed capacity (2003): 39,000 MW
7,000 + (~20.6 million homes @ 5,000 kWh/home/year and 30% capacity factor) - 7,000
6,000 - Germany: 14,600 MW - 6,000
Spain: 6,400 MW
> >900 1 United States: 6,400 MW [ 5:000
S 4000 Denmark: 3,100 MW - 4,000
3,000 + 83,000 MW by 2007 (predicted) - 3,000
2,000 - 2,000
1,000 - 1,000
0 - -0

1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003




Srnzall Flydro
Tecnnology ¢ Applications

> Project types:

> Applications:

Francis Turbine



Smmall Fydro Marikeat

o 19% of world electricity produced oy large & srall nydro

o> Worldwide:

> Crinae

> EUrope:
o Canada

Small Hydro Power Plant

Data source: ABB, Penewable Energy World, and Internztional Small Flydro Atlas



Pnotovoltalc (PVY)
Tecnnology & Applications

Household PV System
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PV Water Pumping
Grid-tied Building Integrated PV




Pnotovoltalc Marxat
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Annual Photovoltaic Installations Worldwide

- Worldwide installed capacity (2003): 2,950 MW,

(~1.2 million homes @ 5,000 kWh/home/year)

| 32% Increase in shipments in 2003
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Combined Heat and Power (CHP)

on of two or more types of usable energy from
z (a Iso called "Cogeneration”)

Sirnultaneous procu

cil
2 single energy sourc

Heat recovery efficiency (55/70) = 78.6%

Total efficiency ((30+55)/100) = B5.0% Exhaust gas

15 wnils

53 umits

PR "
. load

Heat + Exhaust 4

70 umnits

Power

load




Complned rleat and Power
Applications, Fuels aind Equiprnent

Biomass for CHP

Reciprocating Engine for Power Generation
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LFG CHP for district heating system, Sweden

Micro turbine at greenhouse



Combined rleat and Powear

—

ruel Types

o Penewanle fuels

Biomass for CHP

> F OSSJJ T LJ’:‘]S Geothermal Geyser

> Geotrnermzl energy

> rlydrogen



> Cooling =

o Fleat

ant & Tec

clLiprnernt

> Power derieratiorn

o rleating

acUiprrernt

¢ z21Nc Powear
cnnologles

Cooling Equiment
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Cornmants
Mostly to pulp 2 paper and oll industry

Growing rapidly, policy support for CHP

Predorminantly cozl firecd CrP

Around 30% of electricity frorm CrlP
Pising rmarret for J(”Jr)rJJ CrlP
Strong incentives for rerewanle energy

DE associated witn off-grid installations

cd CHP for sugar mills

Peplacing mainly coal fired electricity
Eggpac acto grovw oy L0 GYY garp vamr



Renewsable Energy

a
rleziting & Cooling Tecnnologles




Blomass rleating
[ecnnology & Applications

Yood Chipping > Controlled combustion of wood,

JFJCLJJELJMJ resicues, rrlmmr) )
weste, etc,, to provide neat

Single Buildings and/or District Heating

Heating Plant



Blomass rleating Marxet

J

J

J

Worldwyicle

Developing countries:

Inicdustrialised courntries:

7,000 | New Installations of Small
6,000 | Scale (<100 kW) Biomass
| Heating Systems in Austria




Solar Alr rle erJ
Tecnnology & Applications

> Unglazed collector for
2ir prenesting

It passes througr
srnall noles in tne
rnetal ansoroer

plate (Solzarwall™)

o A fan circulzites tnis
neated air througr
trie puilding



r\l

Solar Alr rleating Markat

Industrial Buildings

> Preneating of ventilation air
for ouildings witn large fresr
2ir recuirernents

> Also for crop drying

o Cosr er)erjrj\/e
for new ouildings or major
renovations

Solar Crop Drying
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olar Water Fleating
cnnology & Applications

Glazed and unglazed collectors

Commercial/Institutional Buildings and Pools Aquaculture - Salmon Hatchery



olar Water rleating Marxat

MOJ’E -i:h;“» 30 JTJ]“]OH JT]Z O'Jc Residential Buildings and Pools
collectors worldwicde

cLrope:

Residential Buildings

(\l

Strong world rmariet for solar
vanmrHHWJJJocﬂrwdd ters

r)—

Baroacdos nas 35,000 systerns



Passive Solar rleating
Tecnnology & Applications

> Supoly 20 to 50% of space
neatirig requirad in tne
neating seasor

> Solar ¢ Jam; zvailzanle
'rnrolun cluztor-facing
nign perforrnarnce windows

o Store nezt witnin
ouilding structure

> Use snading to reduce
surnrrer neat gains




Passlve Solar rle

o Use of afficient windows is

actually pass /2 yJJfJF -

O FOr ney cornstruc
low cost iricrezse

o Cost cornpetjtye
for new ouildings
and retrofits

tlon - no to

az1ting Marke

Residential Buildings

Commercial Buildings



Ground-Source rleat Pump
Tecnnology & Applications

Vertical Ground-Loop > Spzce/water neating ard

> rleat drawn frorm grourd in
winter znd rejected to ground
In surnrrer

Horizontal Ground-Loop



Grouncd-Source rleat Pump Marxet

Residential GSHP ; o World:

> USA: 50,000 installations annuzlly
o Sweder), (-“Qrm‘ / \wrczerJancJ
major Europearn rmarrets

Commercial, Institutional & Industrial Buildings




Otner Comrmercial
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systarns

Efficient Refrigeration at Ice Rink

gies

Agriculture Waste Fuel Supply
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Daylighting & Efficient Lighting
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Ermerging
Clean Energy Tecnnologies

> Solar-tnermzl power
> Ocean-tnermal power

Parabolic-Trough Solar Power Plant

o Tidal power
o Ocearn current power
> Wayve power

Central Receiver Solar Power Plant



Conclusions

Parks Canada PV-Wind Hybrid System (Arctic at 81°N)

o Growing rnarrets

> Fenewaole eriergy resolrces
and energy efficiency
opportunities are availanle

600 kW Wind Turbine installation PV Phone
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Clean Energy Project Analysis with
RETScreen® Software

Clean Energy Project Analysis Course

Five Step Standard Analysis &

ﬁlclick cn Blue hypedinks
or ioating icon to access dota

Sub-Worksheel(s)

Financial Sensitivity &
4 Summary ' i
P Fi T -
BT XI1F =
=il -
Er..g-*_- = 0] K
oanen R ol ¥ el
— W13 63 ok s o 5
[ — Eisssassaes g
— LR
e 4 s iR RES
. i 1 s
Project Cash Hows = i SNREGR

@ Ready to make a decision
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Energy Projec
Irmplementation Procaess

Pre-feasibility.
Analysiis

Eeasibility:

Analysiis

Develepment
soERNGIREEING

_ o Construction &
not peirng routinely
consicerad Up-front!



accuracy for project cost

estirmztes?

rlow rnucn co triese studies

tyoically cost?



Accuracy vs. Investment Cost Dilemma

N

«— $100 to $1,000,000!



=
=

L
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Pre-feasibility.
Analy/siis

Eeasipility,
Analysiis

Pra J]mm zIrY
Fazisinllity studls

nen snould clean

for energy systerr

New construction or planned
renovatior

rlign conventional energy costs

enolders

_‘_
(D

as53in)

Funding & financirg acc

Good local clean energy
resource, etc,



Project Viapility (Wind Exarmple)
Dapancds on Saveral Factors

L

V) Enafgy ragsolros EJ\_/EJ]JEJbJ Al _r)fJ L.:Jjﬂa Wind Turbine & Tower

o EcUlomeant varformancs

o Initizl vrojact cosis
o> “Basa cusg” cradits

=)

> On-golng znd parlodic ro]
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Project Vianility (Wind Example)
Dapancds on Saveral Factors - cont,

Wind Energy

1

(

o Avoldacd cost of anargy

-l

> Flnzncing

o Tzas on adUlomant Zoincoms (of 32vings)

- - A

o Environmeantal cnarzciaristics of anargy disolacad

o Epvironmeantl cradits and/or suosidias
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Why Use RETScreen”™?

> Simplifies orelirminary evaluations

tr) tne arnount of
assrriarnt metnods
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> Standardiz zeC d procedures
zllow opjective cornparisons

ooteritial for succassful
clean energy oroject Imolementation
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F) —- P~ . ® 2 2 . — R =
RETScreen” Validation- Examples

| 100%
o All models validated by P
. — ] e~ ) /O\ OO/ -vuanuuaC;UFeI’
COfﬂchrbOf] VVJEJ’] Q\, ° RETScreen
; v _ > RN°
ronitorad and & 60% /
r 1 G_J
rmanufacturer’s data... g 40%
T 20% | Hydro Turbine Efficiency Curves:
RETScreen vs. Manufacturer
160 7 O% \ ! \ !
140 |BRETScreen| B 0% 20% 40% 60% 80% 100%
120 Percent of Rated Flow
§100
& 60 N o
> ... and/or oy
Cornpzrisor witr
0WJan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec .Ir]OLJ .rJ\/ S].r.r] LJJEJIE]O.FJ IEOOJSJ

Month

Comparing PV Energy Production Calculated by RETScreen and HOMER



RETScreen® Software Demonstration
(Wind Energy Project Model Examplea)

Five Step Standard Analysis &

Sensitivity &
Risk Analysis

g
AT el
gEmisane i

EmiEaEET

click en blue hyperinks e S —wry| | <
A_Lr fioating icon fo access data Project Cash Flows ASLIMMENE




= Microsoft Excel - WINDS.xls
! File Edit Wiew Insert Format Tools Daka dindow Help :;-EETSI:rE;

! [T Ejf] [ = E:,. g e g2 c\’f Yoy e ._ 7 Onling User Manual IQD% - @ ,!'@}é § :

RETScreen® Energy Model - Wind Energy Project

e Cnline Product Database 0
Q Cnline \Weather Database | |
RETAcreen on the Web k ﬁ Decision Support Cenkre

Units: Metic ~|

Site Conditions Estimate

Training and Suppark

Froject name Wind Farm Intermek Forums

Froject location Andhra, India Marketplace

Wind data source Wind speed Case Studies

MHearest location for weather data Hyderabad

Annual average wind speed rrifs B2 e-Textbook

Height of wind measurement m 30.0 3.0t0100.0m

Wifind shear exponent - 016 0.10to0.40

Wind speed at 10 m mis 5.2

Average atmospheric pressure kPa 94 .4 B0.01t0103.0 kPa

Annual average temperature iz 27 -2010 30 °C
System Characteristics Estimate Motes/Range

Grid type - Central-grid

Wind turbine rated power kA 1,000 = Complete Equioment Data sheet

Mumber of turbines - | 20 |

Wind plant capacity by 20,000

Hub height m 0.0 B.O0to100.0m

VWind speed at hub height mis 7

Wind power density at hub height Wiim® 420

Array losses % 3% 0% to 20%

Airfoil soiling andior icing losses % 2% 1% 10 10%

Other downtime losses % 2% 2% toT%

Mizcellaneous losses % 3% 2% 0 6%

Estimate Estimate
Annual Energy Production Per Turhine Total Hotes/Range
Wind plant capacity by 1,000 20,000
1.000 20.000
IUnadjusted energy production hult™h 2,821 a0,426
Pressure adjustment coefficient - n.a3 0.93 0.5848to01.02
Temperature adjustment coefficient - .96 0.96 098to1.14
Gross energy production hfiyh 2,291 45 020
Losses coefficient - n.ao 0.90 07510 1.00
Specific yield kvhim® aeg gas 180 to0 1,500 KWhim®
Wind plant capacity factar % 23% 23% 20% to 40%
Renewable energy delivered b 2,034 40,682
7,323 146,456
Complete Cost Analysis sheet
Version 3.0 _® Minister of Matural Resources Canada 1997 - 2004, MRCAniCETLC - Varennes

PRI H-\ II‘lI:n:n_}\Em:n_:npr Model ,.{"_Eaaipra'lt Data ,qr Cosk Analysis ;{r GHG Analysis ,;{’ Financial S'umn';ary- ,x," Sensitivity

Faheetl £ sheetz £ sheetz /£ |4

vl



Cell Colour Coding

white
yellow
blue
grey
Site Conditions Estimate HotesHange
Froject name Wind Farm See Online Manuai
Froject location Andhra, India
Wind data source Wind speed
Mearest location for weather data Hyderabad See Weather Database
Annual average wind speed mis g.2
Height of wind measurement i 0.0 F.01t0100.0m
Wind shear exponent - 016 0.10t0 040
Wind speed at 10 m mis 5.2
Average atmospheric pressure kPa 84.4 BO.0to103.0 kPa
Annual average temperature G 27 -20to30°C




i e A e e s

EAR

! File Edit Wiew Insert Format Tools Data indow Help | RET3creen

< RETScreen Wind Energy Project

File Edit Bookmark Options Help

=10/

RETScreen® Energy Model - Wind Energy Project
Units

[ Zooioi

Eu:untents! Ihdex l Hack I Prirt ! £ l ¥ I

Site Conditions Estimate Moty
Froject name Wind Farm See ()
Project location Andhra, India
Wind data source Wind speed
Mearest location for weather data Hyderabad See Weg
Annual average wind speed mis B.2
Height of wind measurement I 30.0 300
Wind shear exponent - 016 0.1
Wind speed at 10 m mfs 5.2
Average atmospheric pressure kPa 494 4 G001
Annual average temperature G 27 =20

System Characteristics Estimate Mot
Grid type - Central-grid
Wind turbine rated power by 1,000 m=p  Complete Eou
Mumber of turbines - | 20
Wind plant capacity katy 20,000
Hub height m 0.0 6.0
Wind speed at hub height mis 71
Wind power density at hub height W 420
Array losses % 3% 0%
Airfail sailing andfor icing losses % 2% 1%
Other downtime losses % 2% 29
Miscellaneous losses % 3% 29

Estimate Estimate
Annual Energy Production Per Turhine Total Moty
Wind plant capacity bty 1,000 20,000
1.000 20.000
Unadjusted energy production vy 2482 a0,426
Pressure adjustment coefficient - 0.93 043 0.4a
Temperature adjustment coefficient - 0.96 096 0.4
Gross energy production ] 2,291 45,020
Losses coefficient - 0.90 0.90 ny
Specific yield khim= aes aag 160101
Wind plant capacity factor % 23% 23% 209
Renewable energy delivered b 2034 40,682
7,323 146,456
Complete C
Wersion 3.0 & Minister of Matural Resources Canada 1997 - 2004, LR

m4 s mf‘\ Inkro ‘}\Energr Model £/ Equipment Data & Cost Analvsis _,:'_.EHG F'.I‘Ia|':.-'5i5_,{r Financial Smm_ar\)f i Senﬁvit\)f £ Sheet1 / Sheaz_;f Sheets # I 4 !

Wind shear exponent

The user enters the wind shear exponent, which 15 a dimensionless
number expressing the rate at which the wind speed vanes with the
hewght above the ground. A low exponent corresponds to a
smooth terrain whereas a high exponent 15 typical of a terrain with
sizeable obstacles. This walue 15 used to calculate the average wind
speed at the wand turbine hub height and at 10 m.

The wind shear exponent typically ranges from 0,10 to 040 The
low end of the range corresponds to a smooth terram (e.g. sea,
sand and snow from 0,10 to 0,13, A wind shear of 0.25
corresponds to a rough terrain (e, with sizeable obstacles). The
high end of the range (0.40) comresponds to a project in an urban
area. A value of 0.14 12 a good first apprommation when the site
characteristics are wet to be determmed [Le Gountéres, 15982],

[WECTEC, 1996] and [Gipe, 1995]

Bl
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|Ei|e Edit Miew Insert Format Tools Data Window Help ' RETScreen

RETScreen” Equipment Data - Wind Energy Project

Wind turbine rated power
Hub height

Rotor diameter

Swept area

Wind turhine manufacturer
Wind turbine model
Energy curve data source
=hape factor

kY
m
m
m2

1,000

0.0

54

2300

Bonus Energy

AN BONUS 1 Wy

Standard

Wind spe
(m/s)

R = O

bl

Product Database

Wind Turbine Production Data Wind Turbine Rated

ato
See Product Database

6.0 to 100.0 m
Fto80m
I to 5027 m2

Fayleigh wind distribution

Wind Turbine

Power Range (KA | 1.000t0 2499

_:_1 Fated Power

B0 m Hub Height

S ] 7 _'_.1 1 1,000 kKW
Huky Heighit
Supplist ] Bonus Energy _'_j 1 70.0m
Rotor Dismeter
Model [ BONUS 1 MW = [ sam
Details ] 70 m Hub Height] __:j i
45 m Hub Height [ 2500m
Supplier 50 m Hub Height

Bonus Energy AFS
Borupwej 16
DH-73300 Brande,
Denmark

phone; +45 3942 2222
fax:  +4595999 2222
bonus@bonus.dk
http: Sty bonus oks

Send
e-mail

Visit
Website

Speed

S =

Power Curve Data

Wind Power Wind Power
Speed
[mi=) (KA (mi=] (K0

0 0.0 16 997.2
1 0.0 17 999.2
2 0.0 1ia 999.8
3 0.0 19 999.9
4 2441 20 1.000.0
5 69.3 21 1,000.0
G 130.0 22 1.000.0
7 2191 23 1.000.0
] 3335 24 1.000.0
g 1631 25 1.000.0

10 598.1 26

i) T30.0 27

12 846.5 28

13 928.8 29

14 9726 a0

15 990.8

Help P;;t: Close

Energy Curve Data
Wind Energy
Speed
(miz) Chihiyr)
0
1
2
3
4
= 11820
=3 1,889.0
7 25320
g 3,351.0
g 40040
10 4 5750
11
12
13
14
15

Visit RETScreen
Marketplace Site

Date modified: 2004030

1,000.0

1,000.0

1,000.0

1,000.0

1.,000.0

[ ¥ Intra # Eneray r':’IEae_I_‘}\Equiﬂl;‘lent Data ,;"'“CDST.E.HEI;;EM} GHG Analvsis 4 Financial Summars £ Sensitivice £ Sheetl £ Shestz £ Sheets & |4




E'Q-E';Micrusuft Excel - WIND3.xls

=181 X

|@j File Edit View Insert Format Tools Data Mindow Help | RETScreen ;_i_i!_xj
DeESSRY (2RI o - =@ adlil@po: 0.2 0 8 a
sec_Currenc, .. j =| Denmark |
RETScreen” Cost Analysis - Wind Energy Project | Search Marketpiace A
Type of pru:ujeu:t: Currency: LIzer-defined LIS§ | Cost references: | Second currency
Second currency: Denrnark - Fate: USEDKK 0.17300
al Co : Qua i elative Costs % Foreign Foreign Amount
Feasibility Study Al |
" ‘ . 5 aminica
Site investigation p-d B.0 LIS§ 800 | Daminican Rep. 0% DKk -
Wind resource assessment et tower G IS 22,000 |Ecuador 0% Dk -
Environmental assessment p-d 8.0 LS§ g00 Eigggliadnr |‘ 0% DKk -
Freliminary design p-d 18.0 LIS 800 | Fquatarial Guinea - 0% DKk -
Detailed cost estimate p-d 18.0 LISH 800 [ USE 14,400 0% DKk -
GHG baseline study and MP project 1 LISH 50,000 | USE 50,000 0% DKk -
Report preparation p-d 8.0 LIS§ 800 | LIS 6,400 0% DKk -
Froject management p-d B.0 LIS§ 800 | LIS 4,800 0% DKk -
Travel and accommodation p-trip 4 LUSE 3,000 | USS 12,000 0% DkE -
[Other - Feasibility study |  Cost 0 NEL - | Uss - 0% DKK -
Sub-total: us# 245,200 0.8% 0% Dk -
Development
PPA negotiation p-d 20.0 JSE 1,200 | USH 24,000 0% Dk -
Permits and approvals p-d 260.0 LISE 800 | USE 200,000 0% DkEK -
Land rights project 1 LS§ 30,000 | LS§ 30,000 0% DkE -
Land surey p-d s0.0 LIS§ GO0 | LISE 30,000 0% DkE -
GHG validation and registration project 1 LISE £5,000 | LUSE 65,000 0% DkE -
Project financing p-d 100.0 LSE 1,600 | LISE 140,000 0% DkE -
Legal and accounting p-d 100.0 LUSE 1,200 | LUS§ 120,000 0% DkK -
Project management p-yr 1.25 LIS§ 130,000 | LISE 162,500 0% DkK -
Travel and accommodation p-trip 18 LIS 3,000 | UsSS 54,000 0% DkK -
[Other - Development | Cost 0 BET - | Uss - 0% DKK -
Sub-taotal: uss 835,500 27% 0% Dkl -
Engineering
Wind turbine(s) micro-siting p-d 175.0 LIS§ 800 | USE 140,000 0% DkE -
Mechanical design p-d 100.0 LIS§ 800 | LS§ 80,000 0% DkE -
Electrical design p-d 150.0 LIS§ 800 | USE 120,000 0% Dk -
Civil design p-d g0.0 LISE 800 | LISE 72,000 0% Dk -
Tenders and contracting p-d 110.0 LISE 800 | LSE 88,000 0% DkK -
Construction superision p- ¥t 0.8es LSE 130,000 | USE 110,500 0% DkK -
[Other - Engineering | Cost 0 Us$ - | Uss - 0% DKK -
Sub-taotal: us$ 610,500 2.0% 0% Dkl %
ll_ﬂf fT}II iﬁ;m:;ruv e e e ar A Ea Cosk Aridlvsis ARl b o e Cir s e e e e e e e e e e e e || gl
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File Edit Wiew Insert Format Tools Data Window Help | RETScreen =8 %
DRSS GRAY $BRS - @=L 22 o ~-0.2 0 &
RETScreen® Energy Model - Wind Energy Project | Fraiping & Support | Z
Units:
Site Conditions Estimate Hotes/Range
Froject name Wind Farm See Onine Manoal
Froject location Lethbridge A, AB
Wind data source Wind speed
Mearest location for weather data |LLethbridge A AR | See Weather Database
S e o Weather Database x
Height of wind measurement m 10.0 sahlalitin s - x|
Wind shear exponent - 016 Region ] W, & Certral Americs _,j
Wiiind speed at 10 m mis a2 i
Average atrmosphetic pressure kPa 80.7 ourtry ] Canada _vj Dl:tﬂ 5“;:
Annual average temperature C B Pravineei Stale ] AR _'J
System Characteristics Estimate Wiesther Station ] Lethbridge & :j
Grid type - Central-arid : o
Wind turbine rated power bty 1,000 LA Ll I 43.83 HER
MNumber of turbines - | 20 | Longitude [%] 1 11280
Wind p|ant Eapamw (R 2|:|I|:||:||:| ........................................
Hub height m 700 Annual AverageWind Speed . [mis] i 5.4 Paste Data |
Wind speed at hub height s 71 Height of ¥ind Measurement  [m] i 10.0
Wind power density at hub height Vim® 420 =
Array losses %, 2%, Average Atmospheric Pressure [KPa] 1 0.7
Airfoil soiling andior icing losses % 2% T et e S e Close
Other downtime lozses % 2% ¢ 5 [l ] b
Miscellaneous losses % 3% Date modified: 20040090

Estimate Estimate
Annual Energy Production Per Turhine Total Hotes/Range
Wiind plant capacity ke 1,000 20,000
1.000 20.000
Unadjusted energy production M 2521 a0,426
Pressure adjustment coefficient - 0493 0483 0.59101.02
Temperature adjustment coefficient - 0.96 0.96 04931t01.15
Gross energy production [y 2,291 45 020
Losses coefficient - 0.an 0.90 0.75t01.00
Specific yield kivhim® ges aag 16010 1,500 kWhim=
Wind plant capacity factor % 23% 23% 20% to 40%
Renewable energy delivered Wb 2,034 40,682
7,323 146 456

Complete Cost Analysis sheet

Version 3.0 & _®Minister of Matural Rescurces Canada 1937 - 2004, i _ MRCan/CETC -Varernes ==
14y [p Inkra s Energy Model & Equinment Data 4 Cost Analvsis 4 GHG Analvsis 4 Financial summary 4 Sensitivite £ Sheetl £ Sheetz f Sheets £ | 4]




Surface meteorology and Solar Energy Data Set

A renewable energy resource web site

sponsored by
AZA's Earth Science Enterproe Program

i .IJ
& collaboration with the CANMET Energy Technology Centre - Varenties (CETC-Varennes) has produced data output p =;|
usefill to users of the RETSereen® International Renewable Energy Project Analysis Software. N

To access daia for RETScreen:

e Pick alocation sraphically.

s O enter a latitnde and longitude in the form below.

Enter BOTH latitude and longitide either in decitnal
degrees or degrees and minutes separated by a space.

S 2 Latinude 33.5 i Latitude 23 30
s Longitude -80 75 Longitude -80 45

Latitude'?' Morth: 0 to 30 South: 0 te -%0
Lung;itude'?' East Oto 180 West: Oto -120

Subrmit | Feset | This form is "Reset" if the input 15 out of rangs.



















Cornparison:
> Base Czse vs. Proposed Cas

err \/_)

o> Conventional syst
sterr

clean energy sy
|—‘\ —_ PR
Earmple:

> Standard building cladding
(siding) and 2 natural gas
fired air neater

V3,
o Solarwall™ cladding witn
solar air neating plus the

convertional natural gas
fired air neater

Yellowknife School Solarwall Under Construction



Software Daemo

20 MW Wind Energy Project

o  GrlG emissions reduction:
o Wind turbine cost:
> PE production credit:

> GHG credit (cozl plant);

o Positive cash Flow:

» Peturn on investment:

— ~ e _’I_l -
Scenario #1

(Mercnant Plant)

> Calgary, AB

> 4.4 /s

o 25,123 tCO, yr
> $1,200/1W

> $0/kKWh

> $0/tor)

> 10 years

o> 42,7 years

> =7.1%

Scenario # 2

(Green Power Plant)

r

¢
S

nener Creel, AB

> Letnoridge — 7.0 m/s
o — 63,486 tCO, /yr

> — $1,000/kW

o — $0.025/K\Wr)



—~

anario 1

cenario 7

(Mercnant PJarJt)

U)

Calgary, AB
4.4 /s
$1,200/1W
25,123 Tt [yr
$0/Wr)
$0/torn

10 vears
42.7 years

= 7.1%y

Sortware Damo
S¢C

Camulative Cash Flows Graph

Ly ble energy deli

Cumulative Cash Flows [$)

{5,006, 001}

10,000,000

[15,000,000) -

(20000000

(25,000,000

{20,000, 000)

|

[407000,000)

[45/000,000)

d (MWhlyr). 25556

Wind Energy Project Cumulative Cash Flows
Scenario #1, Calgary, AB

Total Initial Costs_ E 34, 7C0, 700 @t GI G emis=ions re duced [topzlyr). 25423

- T T T T T T v T T T T T T T T T
& < E | T 2 H B OE T e B o2 2 2 23 2 s

Tears

fear-to-positive cash How: more than 25 g Met Present Yalue: § -27.163.120




Cumulative Cash Flows Graph

~ Wind Energy Project Cumulative Cash Flows
20 ’:‘J’JE rJO T | Scenario #1a, Pincher Creek, AB

Fenewable energy dellvered (MWhiyr): 64.583 ToralInidal Costs:  § 34760708  » GHG emissions reduced (Tcezf3r]: 63,486

UL

(Green Power Plarnt)

Pincrer Creek/ AP 20,0000 /

Lethpridge — 7.0 m/s #

0,000,000

i - 3 4 b B 1 i3 a In i ¥ B " 5 i 17 ,frs B o xW A 2 23 W B

Cumunlative Cash Flows ($]

[10,000,800)

2=
71 ) 0
MO /U [20,000,000] \\ /

[20, 00, 0 0g

Years

IRR and ROL: $.8x% fear-to-positive cash Aow: 18.2 gr Met Present ¥alue: § -8.842,008




Software Damo
Wine Turbine Cost

O Wy
oCcerdrio it

|—

Comulative Cash Flows Graph

o

$1,000/W

g2 = P
16.5 years

(@)!
"
c

S

Renewable ensrgy dellvered (MWhiyr): 64,563

Cumulative Cash Flows [$)

Wind Energy Project Cumulative Cash Flows
Secenario #1b, Pincher Creek, AB

Taocal Indtlal Costs: ¥ 30. 33445 W GHG emissions reduced [Lcszf§T) 63,486
U, LR UL
30,000,000 —
//
20,000,000
A
10,000,300 /

10,000,000 \

{20,000,000)

[20,000,000)

IRA and ROL B.5x

Years

Year-to-positive cash flow: 16.5 y Net Present Yalue: § -4.539.727




—~

Software Damo

RE Procduction Credit

[P _’l_l_
Scenario # 1

(@)

$0,025/1\Wr)

10.1 years
17.7%

Fenewable vuriyy delivered [Myhip]: 84,583

Cumulative Cash Flows (%)

| Cumulative Cash Flows Graph

V¥ind Energy Project Cumulative Cash Flows
Seenario #1¢, Pincher Creek, AB

Twial Initial Cusis: 3 30,391 448 L BHG emissivns reduced [Legzfp): 83,486
LUIATEETIE]
/.
40,000,000 7 /
s
s
i
o
o
00,000,000
-
/./
40,000,000 -
.
20,000,000
o " 0 ' ' i ' ' [ [
L3 15 1& L0 18 WA fa 2 A i S 51
20, 000,000)

IRA and ROLE 17732

Years

Year-to-positive cash flow: 100 gr Met Present Walue: § 15.446.755




Comulative Cash Flows Graph

Wind Energy Project Cumulative Cash Flows
Scenario #1d, Pincher Creek, AB

Renewable energy dellvered (MWhiyr): 64553 Tocal Intlal Costs:  §  30,350L448 w GHG emisslons reduced (LcefWr} 63486

Tl LR

QLLERE TP

S0, 000,000

B0, 000,000

40,000,000

Cumulative Cash Flows [$])
\

20, 000000

{20,000,000)

Years

IAR and RO 20.1x Year-to-positive cash How: 7.5 g Net Present Yalue: $ 19,376.202




Cumulative Cash Flows Graph

~ . oo Wind Energy Project Cumulative Cash Flows
~SHeerarlio &=/ Scenario #2, Pincher Creck, AB

Renewable energy dellversd (MWhigr): 64,583 Toral Inftlal Costs: % 30.39L448 1 GHG eMISSIons reduced [Teez I31): 63,486

100,000, 000

20,000,000

£0,000,000

9.2 years P
2

&
)~ ) O/ ¥ b
_). 2 © /0 2 e
&
-3 -
W r
n
41
g 0000000
B
L]
= //
5 //
]
e
20,000,000
0 : —_— - . ;
‘I/i/}f"f-/; E 7 S a L} il 12 12 14 15 L3 i 18 B 20 A X2 o M ®
L—"
20,000,001

Tears

IAR and RO 22 .83 Year-to-positive cash flow:5.2 yr Net Present ¥alue: § 12534240
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o Introduce 2 metnodology for
calculating reductions in e BN

greennouse das (GrlG) ermissions

> Dernorstrate the PETScreen® T it
GHG Ermission Peductior Canadt
Analysis Model



Wnat neads to ne calculated?

> Annual greennouse das emission reductior)




rlow Is this calculated?

Annual GHG emission reduction

(t co,)
- I
Base case Proposed case End-use
GHG emission GHG emission X annual energy
factor - factor delivered
(t co, /MWh) (t co,/MWh) b (MWh)
o FPETScreer JrUluJ tne annual reduction to zccount for
transission ¢ distrioution losseas zind GrlG cradits

transaction fees (Version 3.0 or nigner)



(S

o Standardised rmetnodology
developad oy NFECar) witn
trie United Nations
ENVironment Prograrmerne
(UNEP), the UNEP FIST

entre on Energy, Clirmate

Sustainznle

UrC),

Prototype

-)

(D
(11

~

GIgl
Development (
trie World Banis
Caroorn Fund (PCF

and
Ban

o Valiczt
experts frorm Gc

and Incustry

ac by g tearn of
OvVernrrert

EmJ slon
s Mocdlel

RETScreen” Greenhouse Gas (GHG) Emission Reduction Analysis - Wind Energy Project
Type of arsalgsis:

Uze GHE analysis sheet? es -

Foenld COMprojests | Rla |

Background Information

Project Information Global Warming Potential of GHG

Frogct name wind Farm Froject capacity 2L R 1 tonnes Uiz = 1tonne LH, |- T
MCrojectlocation Andlirs, Indis Grid mpe Central-geid M0 tonnes COz-  1tonne RO [mCC 1240)
Base Case Electricity System [Baseline
Fuel iype Fuel miz CO: emission CHa emission N0 Fuel vuiwersivn T&D aHG
factor lactor emission sfficisncy lossas emission
2] [kgiGd] [kgiGd]) (kgiGJ) 1] (3] [towcPAWR]

Cimal Rl e 4R nnnzn nnnzn i 120 117
Large hgdro 50,0 oo 0.0000 0.0000 100,02 1202 0.000
Clechricity mis o [k o0z 0.0042 120 0559

Dizes bazeline change during project Iife?

Mroposed Case Clectricity System [Wind Cnerg

Fuel type Fuel miz CO; emission CH, emission N:O Fuel conversion T&D GHG
Factor factor emission efficiency losses emission
(4] [kgiG] [kgtG) [kgiGJd] (4] ] [tcez MWh]
Electricity system
ind 100.0% o0 0.0000 0.0000 100.0% 0.000

GHG Emission Reduction Summar

Base case Froposedcase  End-use Gross annual GHG credits Met annual
BHG emission GHA wmizzive ammugl vueiyy GHG emisslon ransaculon GHG
Faotor Factor delivered redustion Feo redustion
[ rco2iMwh) [ (tCO2IMWR] | (MWh) [tces] %] [tessl
Electricity sastem 0553 0000 4093 2286 | 00 | 2,286

Wergion 30  United Mations Environment Programme & Minister of Ratural Fesources Canada 20000 - 2004, UNEPIDTIE and MRCanfCETC - Yaremes




Type of Analysis

indard zinalysis: RETScreen® autormzatically uses

IHCQ and industry standard values for:

C
’)

Custorn anzlysis: tne user spacifies tnese values

3

o User-definad znalysis: user enters GrlG errnissior

factors directly (Version 3.0 or nigner)




o Different paselines for GrHG ermission calculations:

e ® N - ' L— o - o] .
o PETScreen” permits one baseline change during course of project

_\
Q)
Q

n 3.0 or nigner)

pased o internationzl, nationzl, or suo-nationzl arezs



RETScrean” Facilitates Kyoto Protocol

CDM zaine JI Projacts

> Clean Deaveloprnent Mecnanisim (CDIM) Projects

> Small-scale CDWM projects can use simplified paseline metnods

o Joint Implementation (JI) Projects:

\\

> CDMand JI¢ r)rOJe, need to demonstrate arJrJJrJor ity
— emission reductions beyond tniose acnieved in paseline scer

1zirio



Microsoft Excel - WIND3.xls = 5] X
' File Edit Wiew Insert Format Tools Daka indow Help ' RET3creen -]5’ ]

O|o-c|a: iR BB -0t 08al

RETScreen” Greenhouse Gas (GHG) Emission Reduction Analysis - Wind Energy Project

Usze GHG analysis sheet? es Type of analysis:

Fotential COM project? Mo

Background Information

Project Information Global Warming Potential of GHG
Froject name ‘wind Farm Froject capacity 200 M1 21 tonnesCO;=  1tonne CH, [IFCC 19496]
Froject location Andhra, India Grid type Central-grid H0 tonnes CO; = 1tonne b0 [IFCC 19396)

Base Case Electricity System [Baseline

Fuel type Fuel miz CO; emission CH, emission N:O Fuel conversion T&D GHG
factor Factor emission efficiency losses emission
[*] [kglG] [kgiG.J]) [kglG.1] [=]) [=] [tcez iAW h]
Coal B0 946 000za 0.00:30 360 120 117
Large hydro B0 oo 0an0a 00000 0002 120 n.oon
Electricity mis o0 1536 000z 00049 12.0% 0.559
Oioes baseline change during project life? 1= bt

Proposed Case Electricity System [Wind Energy Project

Fuel type Fuel miz CO; emission CH, emission MO Fuel conversion T&D GHG
Factor Factor emission efficiency losses emission
=] (kglGJ] (kgiGJ] (kglGdJ] £ (=] [t cozfMWh]

Electricity system

wind 100,05 0o 0.0000 0.0000 100,05 0.000

GHG Emission Reduction Summar

Base case Proposed case  End-use Gross annual GHG credits Net annual
GHG GHG emission annual energy GHG emission transaction GHG
Factor Factor delivered reduction fee reduction
[ (fCOZIMWh] | (ICDZ/MWh] | (MWh] [tesz) (A [tess)
Electricity system 0.553 0.000 35,500 13,336 [ 005 [ 19,998

il Sumnmaty  # Sensitivity /£ Sheetl £ Sheetz £ Sheets £ |4

\[% Inteo £ Erergy Model / Equipment Data £ Cost Analvsis  GHG Analysis /. Fina



Microsoft Excel - WIND3.xls

|@j File Edit View Insert Format Tools Daka Window Help ' RETScreen

DEERERY | s BRI 0.0 |5 £ 2 0[S -0

|20 @ o

 GHGType  ~] =| Standard

1) 5

RETScreen” Greenhouse Gas (GHG) Emission Reduction Analysis - Wind Energy Project

Usze GHG analysiz sheet? Yes Type of analyszis: Standard 'v-
FPatential COM project? ez Uze simplified bazeline method gEEEIEEE]
kom

1 Ulzer-defined
Background Information

FProject Information Global Warming Potential of GHG

Froject name Wind Farm Froject capacity 5.0 P10 21 tonnes COz=  1tonne CH, [IFCC 193]
Project location Andhra, India Girid type Central-grid D tonnes COz = 1tonne MO0 [IFCC 199E)

Base Case Electricity System [Baseline

Fuel type Fuel miz CO0; emission CH, emission N:D Fuel conversion T&D GHG
Factor Factor emission efficiency losses emission
[*] [kglGJ) [kglGd] [kglGJ) [*] [>] [t cez MW h]
Coal G005 946 0.0020 00030 3605 1205 1117
Large hydro 5005 0.0 0.0000 0.0000 100,05 1205 0.000
Electricity mix 00 1936 0.0032 00043 1205 0.553

Dioes baseline change during project IiFe?

Proposed Case Electricity System [Wind Energy Project

Fuel type Fuel miz CO; emission CH, emission N:O Fuel conversion T&D GHG
Factor Factor emission efficiency losses emission
[*] (kgiGJ] (kgiGiJ} [(kgiGJ] =] (>] [t cez’MWh]

Electricity system

wind 100,05 00 0,000 0.0000 100.0% 0000

GHG Emission Beduction Summarn

Base case Proposedcase End-use Gross annual GHG credits Met annual
GHG GHG emission annual energy GHG emission transaction GHG
factor factor delivered reduction fee reduction
[ nCo2iMWh]) | ICO2IMWhR] | [MWh) [tcsz) (=] [teez]
Electricity system 0559 0,000 26,850 14,937 [ 0.0 [ 14997

[ #[% Intra # Eneragy Model / Equipment Data £ Cost Analesis % GHG Analysis ¢ Financis




Conclusions

L
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Joe re jLJer trie user to rlemec z

\J ~

o> Model tales into account ermerding rules under tne
i“yoto Protocol at the pre-feasipility study level
> Tormaintain credioility, user snould not overaestirmate

~

GrlG ernissior rdlechorD of t're oroposed oroject
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rinancial and Risx Analysis

= —= ~2 , . @ ~a Al ,
Witn RETScraen: Sofryware

Clean Energy Project Analysis Course
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tnodology for assess
lzain energy r)r ojaect

n “‘

RETScreen” International
(]

Dernonstrate the PETScreen® Financizl Surnmary Worlsnesat
Sric uw now incentives

s, production credits
can pe included in the f

5, GrlG credits and tzes
inzncial analysis
Introduce sensitivity anzlysis and risk anzlysis witn PETScreen®

Dernonstrate the PETScreen® Sensitivity and Pisi Analysis
Worrsneat (Version 3.0 or nigner



Microsoft Excel - WIND3. xls

||§j File Edit Wiew Insert Format Tools Data Window Help ! RETScreen =
DEEHa8RY iBBRI w-o e st i md™ -0./2 0 @ a

N |

RETScreen” Financial Summany - Wind Energy Project ‘:

Annual Energy Balance Yearly Cash Flows

Froject name Wind Farm
Frioject location Aridhra, India
Fenewable energy deliversd P h 4inge2
Encess FE available Itk -
Firm RE capacity b
Grid type Clenitral-grid

Financial Parameters

Ayoided cost of energy

RE production credit

RE praduction cradit duration
RE credit escalation rate

Energly cost escalation rate
Iriflation

Discount rate

Froject life

AN
FkWh
ui
ke

0.0450

0026

1

255

b0
2.8
2.0
25

Debk ratic
DOlebt interest rate
Clebt berm

Income b3y analysis?

?: F0.0%
4 LN
ur 15

yesing [le]

Project Costs and Savings

Initial Cosis

Feasibility study 0.8 i 245,200 (R ¥ ¥70,000
Development 27H ¥ 235,500
Engineering 2.0 ¥ E10,500 Dlebt payments - 15 yr= 3 3,552,097
Energy equipment EE.2% ¥ 21,260,000 Annual Costs and Debt - Total : 5 4322087
Balanze of plant 5.8 ¥ 5,868,000
Miscellaneous T.hM b 2,348 TR Annual Savings or Income
Initial Costs - Total 0003 : FLI6T 965 Energy savingsfincome ¥ 3864812
Capacity savingsfincome : -
Incentives{Grants ¥ |:| RE production credit incorme - 10 yrs ¥ 17058
Annual Savings - Total E - 4. 881,868
Periodic Costs [Credits)
DOrive Erain k4 1,000,000 Sehedule yr # 10,20
Elades * 1,000,000 Schedule gy #15
$ <
End ok project life - Credit %

Annual Costs and Debk

Financial Feasibilit

Fre-tat IRE and BOI
Afterstan IRR and ROI
Simple Fayback

Meimr ke ik e e b Dl

bl
L
ur

ie

20015
2015
T.E

=

. Dhrmimet et

Caleulate energy production cost?

+
£ GHG Analysis ‘}\FinanciaIS

yesing

O9RA w00

ummarv,{" Sersitivity £ Sheetl £ Shest? £ Sheets &

Year FPre-taz After-taz Comulative

i3 % $ $

1} [9,350,289) [9,250,289] [9,350,289)]
1 Th4,188 7h4,188 [8.591,202]
2 62,421 68,421 [7.B22,780]
3 1,187,955 1187958 [E.434,822)
4 1412,310 1418,310 [5,016,513]
5 1EE0, 012 1,660,012 [.356,501]
E 1913,630 1,913,630 [1442.871)
7 278,782 2178,782 TIEHR2
g 2,459,004 2,459,004 3,195,885
4 2,762,034 2,762,034 5A47.920
o 1,779,442 1,779,442 T.727, 362
1 20477365 2047, 736 8,775,098
2 2,952,986 2,352,986 12,128,024
13 2674129 2674129 14,802,213
14 30NA7E 301,976 17,814,130
15 1915,082 1915082 19,733,271
16 7,283,330 7,293,330 27,026,602
I7 T.EOEET4 TEOEET4 4713078
8 8,100,133 8,100,153 42,813,368
15 6,535,226 8,535,226 51,348,595
20 7,354,145 7,254,145 5a, 70z, 740
21 3473843 3,473,843 BS17E BG4
22 8,979,872 8,473,872 73,156, E6E
23 10,512,1M 0,512,111 B8,EE8,TET
24 1,071,686 1,071,686 39,740,453
feda) 1,EEDDEE .EED,05E 11,400,541

| 4]

il



 Microsoft Excel - WIND3.xls

|@3 Eilelgu:lit Wiew Insert Format Tools Data Window Help | RET3creen

DeHaS Ry $BRS v @ = £ 22| i

- @

4

2@ @ a

F3 - ={ 0

Cumulative Cash Flows Graph

Renewable energy delivered [MyWhiyr): 40,682
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Wind Energy Project Cumulative Cash Flows

Wind Farm, Andhra, India

Total Initial Costs: E 3 31167965
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Cumulative Cash Flows [$)
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IRR and ROI- 2013
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Net Present ¥alue: § 11083317
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s Ongoing Cosi

£3:
Remote Telecommunications Example

| L | 15 O Genset Overhaul
> Genset+oatiery (base case) % 10 8RS coment]
= B Initial Cost
7]
(@]
O

Year
15
W Battery Replacement
> Pnotovoltaics-Foatiery (proposed czse): 210 B Iniial cost :
%)
S5

0 lllllllllllllllllll

0 5 10 15 20 25
Year

*Inflation rate and energy escalation rate of 2.5%



b

L5

atermining Financia
Jamote Telecommumnilca

> rlow can we corrnpare

o> PETScres
calculzites
tnat loox
revenuaes
YA
[ife of tne

)

s indicators

o)
__i-

-~

1] Viaoility:

|

Lo

s

I

—
I_I
—/

ample



Casnrlow Calculation
Whnat cloas RETSCr

Cash Inflows
Fuel Savings

O&M Savings
Periodic Savings
Incentives
Production Credits
GHG Credits

i
o

/

o

Cash Qutflows

Equity Investment
Annual Debt Payments
O&M Payments 10
Periodic Costs

thousands of $

Annual Cashflows

50,000,000

Cumulative Cashflow

40,000,000

30,000,000

$

10,000,000

/567s9101112131415151715192021p2324
(10,000,000)
e Fime (yr)

1 2 3 4 5 6 7 8 9 10 o

)
o
I

Years

N
o
1

o
o
I

Indicators

\Net Present Value

o
o
!

Simple Payback

IRR
Debt Service Coverage
Etc.



Financial Parameters

Avoided cost of energy FkWh 00350 | Debt ratio i 70.0%
RE production credit Fkwh 0025 |  Debtinterest rate ¥ 1402
RE production credit duration yr 10| Debtterm yr 25
RE credit escalation rate i 2.5
GHG emission reduction credit | 80| Income tax analysis? yesino Yes
GHG reduction credit duration yr 21|  Effective income tag rate & a6.0%
GHG credit escalation rate e 0.0 Loss carryborward? yesino Yes
Oepreciation method - Declining balance
Oepreciation tak basis % a6 0%
Energy cost escalation rate e 0| Depreciation rate ¥ 20.0%
Inflation s 2.5
Discount rate i 1200  Taxholiday available? yesino Yes
Froject life yr 28]  Tax holiday duration yr ]

> Discount rate: rate used to convert future casn flows to the present

> Avoided cost of energy:
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irmple Payoacy

# of years to recoup
additional costs from
annuzl savings

Mezning

Exarmple 3 year simple payoac

Criteriz PayDack < 1) yedrs

o Misleading

o Igniores financing &
long-terrr) fash’flov\/s

se wrien casnflow

tignt

Cornrnernt

J

S
1S

—

Total value of project
in today’s dollars

5 million NPV

|—

Positive indicates
profitaple project

v Good mezsure
> User rmust specify

cliscourt rate

st vield of project
cur mJ its lifetirne

> Can be fooled yner)
casnflow goas
positive-negatly
positive



Comparison of Indicators:

Remote Telecommunilcations Example

Sirmple Payozck Net Present Value Internzl Pate of
(11PY) Pzt (IR 2 POD)
PV Vs 9 yesrs 4,800 22Y%
genset®
Decisior Gerset PY Pv
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Indicators of Financial Yiaoility:
Remote Telecommunlcations Example

-~

> PETScreen®
prov]d a3 2l range OF 3.8 years to positive cash flow
indiczitors and z
curmnulzitive casn
flow graprn for the
oroject
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HETSI:m-&n"SEnsmuiiy anil Risk Anaksis - Wind Eneriy Project

[»|

Lize senslivity snalysis sheset? Yes | Perfiorm anehysis on]_After-dax IRR and ROl
Perfarm risk ansly sis too? i) | Sensilivity range

Progect name Winc Farm Threshoki 150 | =
Project location Andihra, ndks

Hlick here 1o Calculate Sensitivity .ﬂ.nnl_u:if

Sensitivity Analy=is for Afler-lax IRR and RO

Avoided cost of energy (SkiWhj)

RE defivered 00750 10,0855 00950 01045 01140
(MWh) -20% 0% 13 10% 0%
32,546 -20% 4.2% 8.2% A MENEINS  152% - 185% |
36614 0% 6% e T I S Y -
40,682 0% PR T A% AE% 1 BHI% ... 798%

44,750 Loy, S G UG TN NN S ST T LT T

488518 20% 5% | I6.5% | 3 5% 35.5% d15%

Avoided cost of energy (5kWh)
initial costs 0.07En 0.0855 L0950 0.1045 01140
) -207% -1 0% i 10% 20%
24 934,372 -20% 21 5% | 8% o 300w | . A% - 425%
28/051,168 0% 1654 b 26% 262% .= .
167,965 0% 13.49% 17.4% 21.6% : 25.7% : 59 F%
34 264 761 10% 9 .5% 14.0% 17.8% 218% 25.3%

37 401 558 0% By 111% ik L 16.2% i S fo

Avoided cost of energy (2kWh)
Annual cosls 0orsn 0.0855 n.ogsa 01045 01140
(%) <200 -1 0% 0% 10% 209
16,000 =20 14.5% 18.65% i 230% | 21.1% 1.2%
£93,000 -10% I 1 (N |- . S S~ . S IOV . .. . SO M. ).
TT0,000 0% P T b AR T 0. N 21.6% 25 7% 288%

547,000 10% 1239 18T% [ 208% |  2spe 0 :  oo4e

F24.,000 0% 11.6% 1B.0% J0.2% 24 3% i 28.3%

Debt ratio (%)
Debt interest rate 56 0% 63.0% T0.0%
(%) 20% 0% 0%

1 .2% 20% | @3 i 0 wa% ¢ A% 4 2Wd%
126% -10% 211!% R ] 23.636-".. ¥ : i

14.0% 0% T8 T% 20 5% i 21.6%
15.4% 10% | 18a% 188% | 19.4%
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Sensitivity Analysis

> Srows noy the profitapility of project changes
wrien two ey input pararmeters vary sirnultanzously

> For esample:
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to simnultaneous cnanges in (for example)...
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Riskk Analysis

(D
(="
(D

> User is uncertain of rmany parareters:

o rlow does tnis affect tne financial indicators?



Risx Analysis:
Monte Carlo Sirnulation

o> PETScreen® calculates the frequency distripution of tne finzrncial
indicators (IR, NPV, and year-to r)OJJFJ\/e czsn flow) oy CEJCLJJ iting tne
values for 500 cornpinations of pararmeters

7Y% of the time IPP s 18.2=20.7%
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Risx Analysis: Leve] of Risx

_l

> Tnerels only a 10% risy that the IRR will fall outside this ran

O
(P

e

e
_

7Y% of the time PP s

18.220.7%




Risx Analysis:
Influence of Parametars
J 4

> "Tornado cnart” reves

O)
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Conclusions

~

> PETScreen” zccournts rr casnflows due
savings, O, fuel costs, taation, GG ar

to initial costs, energy
nd PE production credits

[

> PETScreen® autormnatically calculates important
indicators of financizl viaoility

trie Inputs

> Tne sensitivity of the ¥ 2y financial indicators to cnanges ir)
can be Investigated with PETScraen®

'mchcator; tnat consicer profita b'J ity ove
PR oand NPV, are preferaole to the s ]mple DalYDzICk el
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Surnrmary of Introcductory
Module

Clean Energy Project Analysis Course




Conclusions

> Clean energy tech olog‘e\“ izive metured, many cost-effective

applications exst and rmarkets are growing rapidly

o Initial planning stage s wnere clean energy tecrinologies must e
D vers and industry

| L Bl Canadii

oroperly considerad oy olanners, decision-rrz

S
o PETScreen” simpolifies oreliminary evaluations




Mumber of Users

LWelrs

RETScreen Software: Cumulative Growth of User Base

70,000
65,000
40,000
55,000
50,000
45,000
40,000
35,000
30,000
25,000
20,000
15,000
10,000

5,000

B ward

April 1, 1998

June 30, 2005

62,565 users worldwide
from 207 countries

Growing at 400 users

every week
Top Twenty Couniries
1 Canada 19,634
2 USA 8,240
3 France 5,747
4 UK 2,733
5 Spain 2,182
6 ltaly 1,789
7 Australia 1,473
8  Germany 1,214
9 India 1,013
10 Belgium 948
11 Portugal 764
12 Ireland 732
13 Greece 7
14 Brazil 672
15 Mexico 493
16 Metherlands 459
17 Argentina 47
18 Switzerland 404
19 Turkey 345
20 MNew Zealand 344

As of June 30, 2005




42,140 online survey respondants

20,000 7
@
@ E
& =
< 15,000 — |}
5 <
i}
2 =
E 10,000 & EE
pa 3 53
o &5
E oc m
5,000 e E2 =
G = =
= =
3 L
0

20,497
(49%)

11,225
(27%)

10,073
(24%)

6,514
(15%)

53N
(13%)

5,577
(13%)

4,003
(7%)

5,980
114%)

Profile of Users

Type 1 - Implementers (36%)

207, Professional services

10% Project developer/
DwWner

6% Product suppliers

Type 2 - Facilitators (289%)
19% Educational institution/
R&D Centre
6% Financial/Covernment/
Multiclateral
3% Association/MGO

Type 3 - Individuals (3670)

As of March 31, 2004



Common Platform for Project
Evaluation & Development

S ———

Funders &

Lenders

RETScreen Regulators &
Software Policy Makers

Planners,
Developers

& Owners

Consultants &
Product Suppliers
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e-Textbook Case Studies
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Introduction

Wind Energy
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Combined Heat & Power

Biomasz Heating

Solar Air Heating

Solar Water Heating
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