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This document allows for a printed version of the entire presentation slides of the RETScreen®

International Clean Energy Project Analysis Course. This modular case study-based course has
been created for use by recognised educational centres and training organisations around the
globe, as well as for use by professionals and college/university students in a “self-study” dis-
tance learning format. Each module can be presented as a separate seminar or workshop for
professionals, or as a section of a college/university course. All the modules combined can be
presented either as a one- to two-week-long intensive course for professionals or as a one- to
two-semester-long course for college/university students. The training course material (e.g.
presentation slides, instructor’s voice and notes, engineering e-textbook, project case studies,
etc.) can be downloaded free-of-charge from the RETScreen Website: www.retscreen.net.
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INTRODUCTION TO CLEAN ENERGY PROJECT ANALYSIS MODULE

- Overview of Course

- Status of Clean Energy Technologies

- Clean Energy Project Analysis with RETScreen® Software

- Greenhouse Gas Emission Analysis with RETScreen® Software
- Financial and Risk Analysis with RETScreen® Software

- Summary







/_ Introduction to Clean Energy

Project Analysis
| RETSc I
Energy Projec

“Clean Energy Project
Analysis” is a case-study
based course for professionals
& university students who
want to learn  how to better
analyse the technical &
financial viability of possible
clean energy: projects

RETScreen” Intermational
Clean Eneray Decision Support Centre

I TERMAT

Develops enabling tools that make:it easier for planners,
decision-makers andiindustry to consider energy efficient
and renewable energy technologies (RETs) at the critically
important initial planning stage.

Enabling tools significantly reduce the cost of assessing|
possible projects

Disseminates these tools free-of-charge to users around the.
world via the Internet & CD-ROM

Training & technical support provided via an international
network of RETScreen” Trainers

Industry products & services accessible via an Internet

Marketplace

© Ministerof Ntural anada 2001 2004

= You will be more aware of viable clean
energy applications

= And you will be able to perform; high-
quality & low-cost preliminary feasibility
studies using the RETScreen® Software

Teacher's Housing, Botswana




Course Outline

Introduction to Clean Energy Project Analysis

Wind Energy Project Analysis
Small Hydro Project Analysis
Photovoltaic Project Analysis

Combined Heat & Power Project Analysis

Biomass Heating Project Analysis
Solar Air Heating Project Analysis
Solar Water Heating Project Analysis

Passive Solar Heating Project Analysis

Ground-Source Heat Pump) Project Analysis

Refrigeration Project Analysis

Course: Vateri

| RETScmeen’

Download Free-of-Charge at: www.retscreen.net

 Ministerof Natural Resousces Canaca 2001 - 2004
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[Frangals __ [ContactUs _ [Help  [Search  [CanadaSite |
[Home [ Download Free rketplace

Centre Overview » ® WIND ENERGY
 SMALLHYDRO
Software & Data » » PHOTOVOLTAICS

Training Material = © COMBINED HEAT & POWER.

T
atatbock o | o oomeeiney & RETScreen® International
© SOLARAIRHEATING "’l‘ Clean Energy Decision ﬁuppmt? g
“ SOLAR WATER HEATING
~ PASSIVE SOLAR HEATING

* GROUND.SOURCE HEAT PUMPS.
Marketplace » | o pEFRIGERATION

Case Studies »

Download Free =

Calendar »




Selitware & Data

. P t Analysis Software

Clean Energy Technology Models

International Product Data
1,000 Equipment Suppliers;

International Weather Data

» 1,000 ground monitoring stations
» Satellite-derived NASA Surface
meteorology and Solar Energy Data Set

Online User Manual

Available free-of-charge
in English & French

Training Vaterial

| ReTacascn
s Clean Eneray’ Rroject AnalysisiCourse

» Presentation slides
» e-Learning tool

= Voice

= Speaker's notes

» e-Textbook & Case Studies

© Ministerof Nt 012004,

e-lexthbook & Case Studies

= Clean'En Projec

Professional and University-level electronic text
Background of technologies

Detailed description of RETScreen® algorithms
60+ international case studies of real projects

Available free-of-charge in English & French




Viarketplace & Calendar:
s hternet=Based Varketplace

» Linking industry and customers online
» Search by subject, technology & region
» Examples:
= equipment suppliers, PV, North-America EEEEEES
= service providers, wind energy,
Europe

s PUBlic & PrivaLe
IRLERNEL EORUMS

s Online tramminglcalendar and registiation

Introducteny/ Medule Outline

| RETScREEN" INTERWATIONAL

= Overview of Course (completed)

= Status of Clean Energy Technologies

= Clean Energy Project Analysis with RETScreen™ Software

- Greenhouse Gas Emissions Analysis with RETScreen® Software
= Financial and' Risk Analysis with RETScreen® Software

= Summary

CANMET Energy Technology Centre - Varennes
e~ .
ey p— B B
g | e

© Ministerof Nt 012004,










Status of Clean En
echnoelogies

Windfarm

Ohjective

| RETScREEN" INTERWATIONAL

* lncrease awareness about renewable energy techinologies:
(RETS) and energy: efficiency: measures
» Markets

» Typical applications

Generation with Wood Residues

Definrtions

Energy! Efficiency.

Clean Energy. » Using less energy resources to meet
) the same energy needs
Trechnologies
Renewable Energy.
» Using non-depleting natural
resources to meet energy needs

HWH

Conventional Efficient Efficient &
Super Insulated Passive Solar Home Renewable

Energy Demand

& Mifister of Natra Resources Canaca 2001 - 2004




Reasonsi o Clean EReray
Tlechnelegies

| RETScREEN" INTERWATIONAL

* Environmental Wind Energy: Electricity Generation Costs

» Climate change

» Local pollution

= Economic

» Life-cycle costs

»  Fossil fuel depletion

Electricity cost (¢US/kWh)

s Social
» Employment generation
» Reduced drain of local $$$
»  Growth in energy demand (x3 by 2050)

Common; Characteristics of Clean
Eneray; llechnelegies

Relative to conventional technologies:

Typically higher initial costs
Generally lower operating costs
Environmentally cleaner

Often cost effective on
life-cycle cost basis

Jjotal Cost of an Eneray Generating =
oK Consuming System

| RETSCREEN" INTERMATION

= Total cost purchase cost

* Total cost purchase cost

Q annual fuel and O& costs
/ ~+ major overhiaul costs,
~+  decommissioning costs
+  financing costs:

elc.




Renewable ERergy, EIectricity,
Generatingl Technelegies

ATIOWAL

Windl EReray,
Jlechnoelegy & Applications

= Need good winds
» (>4m/s @ 10 m)

» Coastal areas, rounded ridges, open plains.

Hacels with = Applications:
¢ Gearbox and
¢! Generator

Central-Grid

Warren

© Ministerof Nt

WindEneray: Market

Annual Wind Turbine Installations Worldwide

Worldwide installed capacity (2003): 39,000 MW
- (~20.6 million homes @ 5,000 kWh/homelyear and 30% capacity factor

r Germany: 14,600 MW
Spain: 6,400 MW
[ United States: 6,400 MW
{ Denmark: 3,100 MW

+83,000 MW by 2007 (predicted)

Source: Danish Wind Turbine Manufacturers A&

20012004




SmallF=Eydire

Technelegy, & Applications

Project types:
COMPONENTS OF A HYDRO SYSTEM » Reservoir
» Run-of-river
Dam —, . )
Applications:
» Central-grid
» Isolated-grid
» Off-grid

Francis Turbine

Draf Tube —

Smalli Hydifer Viarket

| RETSchaen® InTERNATIONAL .
19% of world electricity produced by: large & small hydro

Worldwide:

» 20,000 MW developed (plant size < 10 MW)

»  Forecast: 50,000 to 75,000 MW by 2020
Chinas:

» 43,000 existing plants (plant size < 25 MW)

» 19,000 MW developed

»  further 100,000 MW econ. feasible
Europe:

» 10,000 MW developed

»  further 4,500 MW econ. feasible
Canada:

» 2,000 MW developed

»  further 1,600 MW econ. feasible

Small Hydro Power Plant

4. and inernational Smal b

Canada 2001 - 2004

Phetevelitaic (PV)
Technelegy, & Applications

| RETSchmes

Household PV System
PV Ay

Photo Credit: Tsuo, Simon DOE/

PV Water Pumpin




Photeveltaic Market

Annual Photovoltaic Installations Worldwide

L Worldwide installed capacity (2003): 2,950 MW,
(~1.2 million homes @ 5,000 kWh/home/year)

32% Increase in shipments in 2003

 Ministerof Ntural e

Combined Heat and Pewer (CHER)

| RETScmeen" Iny

= Simultaneous production of two or more types of usable energy from
a single energy source (alsoi called “Cogeneration”).

Heat recovery efficiency (55/70) = 78.4A%

Total efficiency (30 551/ 100) = 85.0% Exhant g

 Ministerof Ntural Rsousces Canada 2001 - 2004

Combined Heat andPewer:
Applications; Fuelsiand Equipmeni

Various Fuels

Landfill Gas
Collection Cycle

Pipang spoaem LI g

Biomass for CHP -
Phota Credit: Gr iren DOE/NREL

Various Equipment

Photo Credit:




Combined Heat and Pewer
Applicatiens

Single buildings
Commercial and industrial
Multiple buildings

District energy systems
(e.g. communities)
Industrial processes

Photo Credit: Urban Ziegler, NRCan Photo Credit: Urb:

Combined Heat and Power
EUEININVPES
| RETScreen” INTERMATIONAL

*  Renewable fuels
Wood residue
Landfill gas (LFG)
Biogas
Agricultural bi-products
Bagasse
Purpose-grown crops
Etc

*  Fossil fuels Geothermal Geyser
»  Natural gas
» Diesel
»  Etc.

© Geothermall energy

= Hydrogen

Combined Heat and Power
Equipment: & llechineleales

TERMATIONAL

* Cooling equipment
» Compressors
» Absorption chillers
» Free cooling

© Power generation

Gas turbine

Gas turbine combined cycle
Steam turbine
Reciprocating engine

Fuel cell

Etc.

»
»
»
»
»
»

* Heating equipment:
» Boilers
» Waste heat recovery




Combined Heat andl Power:
Market

| RETScasen’

2 1 T

U

Strong| incentives for renewable energy:

[T
Mostly bagasse based CHP for sugar mills
0

Renewanle Energy/
Heatingl & Coeling Technelegies

Biemass Heating
Jlechneleay: & Applicatiens

Controlled combustion of wood,
agricultural residues, municipal
waste, etc., to provide heat

Photo Credit: Wiselo

Heating Plant

20012004




Biemass Heatng Viarket

| RETScuzen® Int

= Worldwide:

» Biomass combustion provides 11% of world’s Total

Primary Energy Supply (TPES)

» Over 20 GW,, of controlled combustion heating systems
= Developing countries:

» Cooking, heating

» Not always sustainable

» ica: 50% of TPES

39% of TPES

: 19% of TPES
o ; New Installations of Small
= Industrialised countries: 1000 | Sealo (<100 ki) Biomass
Heat, power, wood stoves . Heating Systems in Austria
Finland: 19% of TPES
6% of TPES
Austria: 9% of TPES
Denmark: 8% of TPES
Canada: 4% of TPES
USA: 68% of all renewables

Selar Al Heating

Jlechneleay: & Applicatiens
| RETSCREEN" IMTERWATIONAI

Ti

* Unglazed collector for
air preheating

* Cold air is heated as Walldirussr

It passes; through
small holes in the
metal absorber
plate (Selanwall™)

Perforated
Solar
Panel

A fan circulates this
heated air through
the building

 Ministerof Ntural Rsousces Canada 2001 - 2004

Selar Al IHeating Varrket

| RETScRuEn” It

Industrial Buildings

= Preheating of ventilation air
for buildings with large fresh
air reguirements

= Also for crop drying

* Cost competitive
for new: buildings or major
renovations




Soelaf\Water Heating
Technelegy, & Applications

* Glazed andiunglazed collectors

= Water storage (tank or pool)

Commercial/Institutional Buildings and Pools Aquaculture - Salmon Hatches

| RETSCREEN" IMTERWATIONAI
Mare than 30 millien m? of:
collectors worldwide
Europe:
» 10 million m? of collectors in operation
» Annual growth rate of 12%
» Germany, Greece, and Austria
» Goal for 2010: 100 million m?

Residential Buildings

Strong world market for selar
swimming| pool heaters

Barbados has| 35,000 systems:

oratory.

Passive Solariseating
Jlechnelegy: & Applicatiens

| RETScRuEn” It Ti

Supply 20 to 50%; of space
heating required!in the
heating seasen

Solar gains available
through eguator-facing
high' performance windows

Store heat within
building structure

Use shading to reduce
summer heat gains




| RETScREEn” INTERWATIONAL
= Use of efficient windows is
actually: passive solar -
standard practice today

= For new. construction - no to
low/ cost increase
» Higher efficiency windows
» Building orientation
» Proper shading

* Cost competitive
for mew: buildings
and retrofits

Gliound=-Seurce Heat Pum)3
Tlechnoleay: & Applications

Space/water heating and
cooling

Electricity operates onivapor
compression; cycle

Heat drawn from ground!in
winter and rejected to ground
in summer

= World:
» 800,000 units installed
» Total capacity of 9,500 MW,
» Annual growth rate of 10%
= USA: 50,000 installations annually
= Sweden, Germany, Switzerland
major European markets

© Canada:
» 30,000+ residential units
» 3,000+ industrial and
commercial units
» 435 MW, installed

20012004




Other Commercial
Clean Energy llechnelegies

Fuels: ethanol and bio-diesel
Efficient refrigeration systems
Variable speed motors
Daylighting & efficient lighting
systems

Ventilation heat recovery,
Others

Efficient Refrigeration at Ice Rink

Emeraging
Clean Energy llechnelegjes

| RETSchEEn" InTEmnaT:

= Solar-thermall power
Ocean-thermal power
Tiidal pewer
Ocean current power
Wave poewer

ete.

Conclusions

I TERMATI

Cost-effective opportunities:
exist
Many/ success stories

Growing markets

Renewable energy/ resources;
and energy efficiency.
opportunities are available

Parabolic-Trough Solar Power Plant

11



Questions?

| RETScREEN" INTERWATIONAL

Introduction - Status of Clean Energy Technologies Module
RETScreen® International Clean Energy Project Analysis Course

s

For further information please visit the RETScreen Website at
VWA FetScreen.net

12









: Clean Energy Project Analysis with
RETScreen® Seftware

=

@ Ready to make a declsion

Canadd

S P e e ransste
Liel —_—

Objectives

lllustrate role ofi preliminary:
feasibility studies

Demonstrate how. the RETScreen®
Software works

Show. how! RETScreen® makes it easier
to help identify & assess potential
projects

Energy: Project
Implemenitation Process

Pre-feasibility.
AREIVSIS

Feasibility,
Analysis

/ Development
Significant barrier & Engineering

_ Construction; &
Clean Energy: projects GCommissioning
not being| routinely:
considered up-front!




Questiens

= \What is an acceptable level of:
accuracy for project cost
estimates?

= How much do these studies
typically cost?

Accuracy vs. Investment Cost Dilemma

Eange of acouraoy of estimates, ecusl 1o
orided oy frial Jost assamirg
|_constant currency vaie

__ Sresencer estmete, cost
couracy wihin +10%

&1 tengers recened,
costwittin £ 5%

12— ( ‘7\
I e

o
A

Consructon

/ Feasiviity stody, 208t acouracy
withia, 15 o

s Y \rmmemesed 4100 to $1,000,000!

Time — .+

When shieuld clean eneragy,
technoelegies e assessed?

Need for energy: system

Pre-feasibility New construction or planned
Analysis renovation

Feasibility, High' conventional energy costs
AREIYSIS

Interest by key stakeholders

/ Approvals possible

Preliminary Funding & financing| accessible
feasibility studies
Good! local clean; energy:
resource, etc.

arada 2001 - 2004




Preject Vianlity (Wind Example)
Dependsion SeverallEactors

| RETScREEN" INTERWATIONAL

Energy resource available at project site
(e.g. wind speed)

Equipment performance
(e.g. wind turbine power curve)

Initial project costs
(e.g. wind turbines, towers, engineering)

“Base case” credits
(e.g. diesel generators for remote sites)

On-going and periodic project costs
(e.g. cleaning of wind turbine blades)

Project Viability (Wind Example)
DEpends enl SeEVerallEactors) = cont:.

| RETScheen® InTemmaTional
Wind Energy

Avoided cost of energy
(e.g. wholesale electricity price)

Financing
(e.g. debt ratio & length, interest rate)
Photo Great: Wiadeigrunden Wind Turbine Coo7

Taxes on equipment & income (or savings)

Environmental characteristics of energy displaced
(e.g. coal, natural gas, oil, large hydro, nuclear)

Environmental credits and/or subsidies
(e.g. greenpower rates, GHG credits, grants)

Decision-maker’s definition of cost-effective
(e.g. payback period, IRR, NPV, Energy production costs)

Why: Usel RETIScreen®?

| RETSCREEN" INTERMATI

= Simplifies preliminary evaluations
» Requires relatively little user input
» Calculates key technical and financial
viability indicators automatically

= Costs 1/10th the amount of
other assessment methods

= Standardized procedures
allow objective comparisons

= Increases potential for successful
clean energy project implementation

20012004




= Alllmodels validated by
comparison with RETScreen
monitored and
manufacturer’s data...

Hydro Turbine Efficiency Curves:
RETScreen vs. Manufacturer

20%  40% 60%  80%  100%|
Percent of Rated Flow

= ... and/or by
comparison with
[ TR hourly simulation toals.

Comparing PV Energy Production Calculated by RETScreen and HOMER

RETScreen’ Software Demonstration

& Ready to make a decision

Iun-mn-;—u—-m—rmm-m = algi 3

D@ @R IRET n. o T oo
Fi1Sceem® Eanigy Wedel  Wisd Lneigy Projecs “w

= Compiets Emaast e st

[T T

A Yy
L S raag Jaagn g sl 0]




Cell Colour Ceding

Input and Output Cells.

e by hie med
gt - recuired fo mun e meded
User input  raquared to run the medsd end
o e available.

User mput  for reference purposes onby.
Hok required to run e moede

[ 5 [
Project name o Oniee Maspg!

Miraensd 063800 for wiathes data o Wealer Dalateas
Anizal everage wind speed ¥

Haight ofwind mesauremant i 10%1000m
Wind shear epanent o100 0.40

Awerage almorspiveric presiure BOOE101.04Ps
Annual a¥RIAge fEmperatine 201030 "

inisterof Natural Resources Cans

(] 2 g ot Pymr Dk Dats v i BT P L Bohrt Cptun et = .
e T5cimen® Emeriy Madst . Wond Enary Prafees [ [ A = T T
[ | Wind shear

The wesr enters the waed ihear exponent, whech i & denenmonlers

mmvath terra whtvei & bngh exposesi o rypieal of n v el
neble shimules Thes walst o used vo calendite the average wnd

e —
it Pt
Wi spewd st
Vi power datuly st bt haight -

WECTEC, 156] sesd [ Cipe, 199'5]

]

M L8 e i Pyma i Guia ke o | Bfreen
RETScraan’ Equipmant Data - Wind Energy Preject

TR

BseERsEsgEzcecch |

e sk P Ll




B] P U ge et Fyma D e e et | 8Thren ArIE
DFEzs SR 2@ - A RLI DA™ 0.7 083

? Cost Anslysh

|

P === . |
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DEEs 8R: BT~ L LRa~ -0. 708 a

e T5cmen® Enmiy Medel - Windd Ensigy Project 3

Lo v Destase
=
L
e - FA L oI e s Lid

NMET Eongy Technology Certre Varermer) has paoduond data sotput
. f Betewable Energy Propect Anshyss Soltware:

To access data for RETScreen:

. F

o graghscally

= Or enter a latitade and lorgptude i the form below

Enger BOTH lastude and koagade her n decumal

Latuds 33 3
Langeae -30 45
Sosth Ot 50

West 1o -18




NASA Surface meteorology and Solar Energy: Locate
RETScreen Data

Docuroest Done =Sl s ] ;é_

o
v

Docurest: Done

= e e R

o
v

Docurvest: Dore St

=
¢




RETScreen Data
Latitude -40 / Longitude -68 was chosen.
Submit | _Reset
Check the boxes and press Subme . o
{Defailt is All Values) T R
Geometry
Geometry Informabion - r r
Latiudeflongibade center and bouzdaries
RETScreen Technelogy Models -
Fassive Sclar Heating Project r r
lar Water Heaing Preject r r
sund-Source Heat Pamp Project O =]
woltaic Project r [3]
Solar A Heating Progect r r
Eiomass Heammg r [3]
W Energy Projest 3 r
Smmall Hydro Progect r r H
E== Joecaet e S e P @ 2 |

BETScreen Model(s) chesen: #
Wmd Energy
Average Temperatare { )
Tar 40 . k. | [Anonal
oo 68 Tan Feb Mo Ape My i Aug Sep Oct Now Dec [ 220

10 Year Average  [19.319.3[157)10.1/598 4 16 .06 [5.17 Fs0[nafi53)i7s[ 112
Bl o Year (1987) [20.8[201 157111 93 5.5 5.5e g0 e 7e 113 [16.5[16.5[ 116
La Yina Tear (1988)[18.6 21 8[16.4[101[567 3 86 [1 43/ 63 1 85 10 [1a 5 [17.8[ 109

Average Wind Speed (m's)

Lat -40
b [k ay [} g Sep (Oct No
Ton -68 Jan [Feb Mar Apr MayJun [Ful |Aug Sep (Oct Now Dec |Aversge

10 Year Average 45141140401 13 o4 psa3osloskazalazslams a1e

El Nmo Year (1987) 436379 4.00[350 399438124 391 397352407 482| 411
La Mina Year (1988)|5.24 361 [3.84 399369 426366 422409528 499521 | 434

]

Ttis recommended thar users of these wind data view the Methodalogy Section of this web ste. The user mag with to comrect
for bias as wel as bocal effects witkin the grid region.

Average Atmospheric Pressure (kPa)

| =Sl Document Done

RETScreen® Sofitware
FinancialfAnalysisiVethod

| ___RETSca
Comparison

* Base Case vs. Proposed Case

* Conventional system vs.
clean energy system

Example:

Standard building cladding

(siding) and a natural gas

fired air heater

Vs.

Solarwal/™ cladding with Vellowknife School Solarwall Under Construction
solar air heating plus the Photo Credi: Artic Energ
conventional natural gas

fired air heater

& Mifister of Natra Resources anaca 2001 - 2004




Soefitware Demo
20/ VIWANIRd EREray, Project:

Scenario #1 Scenario # 2
(RETScreen™) (Merchant Plant) (Green Power Plant)

Project location: Calgary, AB Pincher Creek, AB
Wind speed: 4.4 mls Lethbridge — 7.0 m/s
GHG emissions reduction: 25,123 tCO,/yr —> 63,486 tCO,/yr
Wind turbine cost: $1,200/kW —> $1,000/kW.

RE production credit: $0/kWh — $0.025/kWh

GHG credit (coal plant): $0/ton —> $5/ton

Debt term: 10 years — 15 years

Positive flc

Return on investment:

Soefitware Demo
Scenariord

. Wind Enargy Praject Cusulssvs Cash Flews
Scenario #1 ‘Scanaria #1, Caigary, A

(Merchant Plant) N TR AR

Calgary, AB
4.4 m/s
$1,200/kW.
25,123 t,q Jyr
$0/kWh
$0/ton

10 years
4

© Ministrof Nt anada 2001 2004

Selitwale Demo
Wind Speedi& GHE Emission Reduction

Scenario #

(Green Power Plant)
Pincher Creek, AB
Lethbridge — 7.0 m/s




Sofitware Demo
Wind teine Cost:

Wind Energy Project Cumuiative Cash Flaws
‘Seanario Flb, Fincher Cresk, All

Scenario # 1b

$1,000/kW

16.5 years

6.5%

Soefitware Demo
RE Production Credit

Scenario # 1c
$0.025/kWh

10.1 years

17.7%

Soefitware Demo
GHG Emissions Credit

. ‘Wind Energy Praject Cumutaive Cash Flows
Scenario # 1d ‘Sconieic #12, Pracher Crosk, AB

$5/ton




Sefitware Demo
PDebt ierm

Scenario # 2

QUESTIENS?

| RETScREEN" INTERWATIONAL

Clean Energy Project Analysis with RETScreen® Software Module
RETScreen® International Clean Energy Project Analysis Course

-

£ e

For further information please visit the RETScreen Website at
WM. Fetscereen.net

11
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RETScreen® Energy Model - Wind Energy Project | Training & Support |

Units:

Site Conditions Estimate Notes/Range
Project name Scenario #1 See Online Manual
Project location Calgary, AB
Wind data source Wind speed
Nearest location for weather data Calgary Int'l. A, AB See Weather Database
Annual average wind speed m/s 4.4
Height of wind measurement m 10.0 3.0t0 100.0 m
Wind shear exponent - 0.15 0.10to 0.40
Wind speed at 10 m m/s 4.4
Average atmospheric pressure kPa 88.9 60.0 to 103.0 kPa
Annual average temperature °C 4 -20 to 30 °C

System Characteristics Estimate Notes/Range
Grid type - Central-grid
Wind turbine rated power kW 1,000 ==)  Complete Equipment Data sheet
Number of turbines - [ 20 |
Wind plant capacity kw 20,000
Hub height m 45.0 6.0t0 100.0 m
Wind speed at hub height m/s 5.5
Array losses % 3% 0% to 20%
Airfoil soiling and/or icing losses % 2% 1% to 10%
Other downtime losses % 2% 2% to 7%
Miscellaneous losses % 3% 2% to 6%

Estimate Estimate
Annual Energy Production Per Turbine Total Notes/Range
Wind plant capacity kW 1,000 20,000
1.000 20.000
Unadjusted energy production MWh 1,545 30,902
Pressure adjustment coefficient - 0.88 0.88 0.59t0 1.02
Temperature adjustment coefficient - 1.04 1.04 0.98t0 1.15
Gross energy production MWh 1,414 28,282
Losses coefficient - 0.90 0.90 0.75t0 1.00
Specific yield kWh/m?2 556 556 150 to 1,500 kWh/m?2
Wind plant capacity factor % 15% 15% 20% to 40%
Renewable energy delivered MWh 1,278 25,556
4,600 92,003

Complete Cost Analysis sheet

Version 3.0 © Minister of Natural Resources Canada 1997 - 2004. NRCan/CETC - Varennes

20/07/2004; WIND Scenario 1.xls



RETScreen® Equipment Data - Wind Energy Project

Wind Turbine Characteristics

Notes/Range

Wind turbine rated power
Hub height

Rotor diameter

Swept area

Wind turbine manufacturer
Wind turbine model
Energy curve data source

Estimate
kw 1,000
m 45.0
m 54
m2 2,300

Bonus Energy
AN BONUS 1 MW
User-defined

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 24.1 -
5 69.3 1,182.0
6 130.0 1,889.0
7 219.1 2,632.0
8 333.5 3,351.0
9 463.1 4,004.0
10 598.1 4,575.0
11 730.0 -
12 846.5 -
13 928.8 -
14 972.6 -
15 990.8 -
16 997.2 -
17 999.2 -
18 999.8 -
19 999.9 -
20 1,000.0 -
21 1,000.0 -
22 1,000.0 -
23 1,000.0 -
24 1,000.0 -
25 1,000.0 -

Power and Energy Curves
—&— Power —®—Energy
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Return to
Energy Model sheet

Version 3.0
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RETScreen® Cost Analysis - Wind Energy Project Search Marketplace |

Type of project: Currency: Cost references:

Initial Costs (Credits) i Unit Cost Amount Relative Costs Quantity Range  Unit Cost Range

Feasibility Study
Site investigation p-d 6.0 $ 800 | $ 4,800 - -
Wind resource assessment met tower 6 $ 22,000 | $ 132,000 - -
Environmental assessment p-d 8.0 $ 800 | $ 6,400 - -
Preliminary design p-d 18.0 $ 800 | $ 14,400 - -
Detailed cost estimate p-d 18.0 $ 800 | $ 14,400 - -
GHG baseline study and MP project $ - - -
Report preparation p-d 8.0 $ 800 | $ 6,400 - -
Project management p-d 6.0 $ 800 | $ 4,800 - -
Travel and accommodation p-trip 4 $ 3,000 | $ 12,000 - -
$ - R R
Sub-total: $ 195,200 0.6%
Development
PPA negotiation p-d 20.0 $ 1,200 | $ 24,000 - -
Permits and approvals p-d 250.0 $ 800 | $ 200,000 - -
Land rights project 1 $ 30,000 | $ 30,000 - -
Land survey p-d 50.0 $ 600 | $ 30,000 - -
GHG validation and registration project $ - - -
Project financing p-d 100.0 $ 1,500 | $ 150,000 - -
Legal and accounting p-d 100.0 $ 1,200 | $ 120,000 - -
Project management p-yr 1.25 $ 130,000 | $ 162,500 - -
Travel and accommodation p-trip 18 $ 3,000 | $ 54,000 - -
$ - R R
Sub-total: $ 770,500 2.2%
Engineering
Wind turbine(s) micro-siting p-d 175.0 $ 800 | $ 140,000 - -
Mechanical design p-d 100.0 $ 800 | $ 80,000 - -
Electrical design p-d 150.0 $ 800 | $ 120,000 - -
Civil design p-d 90.0 $ 800 | $ 72,000 - -
Tenders and contracting p-d 110.0 $ 800 | $ 88,000 - -
Construction supervision p-yr 0.85 $ 130,000 | $ 110,500 - -
$ - R R
Sub-total: $ 610,500 1.8%
Energy Equipment
Wind turbine(s) kw 20,000 $ 1,200 | $ 24,000,000 - -
Spare parts % [ 1.0% $ 24,000,000 $ 240,000 - -
Transportation turbine 20 $ 33,000 | $ 660,000 - -
I I $ - - -
Sub-total: $ 24,900,000 71.6%
Balance of Plant
Wind turbine(s) foundation(s) turbine 20 $ 78,000 | $ 1,560,000 - -
Wind turbine(s) erection turbine 20 $ 52,000 | $ 1,040,000 - -
Road construction [ km 3.00 $ 50,000 | $ 150,000 - -
Transmission line [ km 8.50 $ 70,000 | $ 595,000 - -
Substation project 1 $ 2,055,000 | $ 2,055,000 - -
Control and O&M building(s) building 1 $ 125,000 | $ 125,000 - -
Transportation project 1 $ 68,000 | $ 68,000 - -
I $ - - -
Sub-total: $ 5,593,000 16.1%
Miscellaneous
Training p-d 40.0 $ 800 | $ 32,000 - -
Commissioning p-d 50.0 $ 800 | $ 40,000 - -
Contingencies % 5% $ 32,141,200 $ 1,607,060 - -
Interest during construction | 6.0% 12 month(s) $ 33,748,260 1,012,448 - -
Sub-total: 2,691,508 7.7%
Initial Costs - Total 34,760,708 100.0%
Annual Costs (Credits) Quantity Unit Cost Amount Relative Costs Quantity Range  Unit Cost Range
0&M
Land lease project 1 $ 57,000 | $ 57,000 - -
Property taxes project 1 $ 23,000 | $ 23,000 - -
Insurance premium project 1 $ 46,000 | $ 46,000 - -
Transmission line maintenance % 3.0% $ 2,650,000 $ 79,500 - -
Parts and labour kWh 25,556,461 $ 0.008 | $ 204,452 - -
GHG monitoring and verification project $ - - -
Community benefits - 1 $ 15,000 | $ 15,000 - -
Travel and accommodation p-trip 12 $ 3,000 | $ 36,000 - -
General and administrative % 6% $ 460,952 $ 27,657 - -
$ - R R
Contingencies l % 10% $ 488,609 l $ 48,861 - -

Annual Costs - Total $ 537,470 100.0%

Periodic Costs (Credits) Period Unit Cost Amount Unit Cost Range
Drive train Cost 10 yr $ 1,000,000 | $ 1,000,000 - -
Blades Cost 15 yr $ 1,000,000 | $ 1,000,000 - -

$ - - R
End of project life Credit - $ - Go to GHG Analysis sheet
Version 3.0 © Minister of Natural Resources Canada 1997 - 2004. NRCan/CETC - Varennes
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RETScreen® Greenhouse Gas (GHG) Emission Reduction Analysis - Wind Energy Project

Use GHG analysis sheet? Yes Type of analysis:

Potential CDM project? No

Background Information

Project Information Global Warming Potential of GHG
Project name Scenario #1 Project capacity 20.0 MW 21 tonnes CO, = 1tonne CH, (IPCC 1996)
Project location Calgary, AB 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 losses factor
(%) (kg/GJ) (kg/GJ) (kg/GJ) (%) (%) (tcoo/MWh)
Coal 100.0% 94.6 0.0020 0.0030 35.0% 8.0% 1.069
Electricity mix 100% 293.8 0.0062 0.0093 8.0% 1.069

Does baseline change during project life?

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) (kg/GJ) (kg/GJ) (%) (%) (tcoz/MWh)
Electricity system
Wind 100.0% 0.0 0.0000 0.0000 100.0% 0.000
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
| ¢tcoz2imwh) | @tcoz2mwh) | (MWh) (tcoz) (%) (tcoz)
Electricity system 1.069 0.000 23,512 25,123 | 0.0% | 25,123

Complete Financial Summary sheet

Version 3.0 © United Nations Environment Programme & Minister of Natural Resources Canada 2000 - 2004. UNEP/DTIE and NRCan/CETC - Varennes

20/07/2004; WIND Scenario 1.xls
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RETScreen® Energy Model - Wind Energy Project | Training & Support |

Units:

Site Conditions Estimate Notes/Range
Project name Scenario #2 See Online Manual
Project location Pincher Creek, AB
Wind data source Wind speed
Nearest location for weather data Lethbridge A, AB See Weather Database
Annual average wind speed m/s 7.0
Height of wind measurement m 10.0 3.0t0 100.0 m
Wind shear exponent - 0.15 0.10to 0.40
Wind speed at 10 m m/s 7.0
Average atmospheric pressure kPa 90.7 60.0 to 103.0 kPa
Annual average temperature °C 6 -20 to 30 °C

System Characteristics Estimate Notes/Range
Grid type - Central-grid
Wind turbine rated power kW 1,000 ==)  Complete Equipment Data sheet
Number of turbines - [ 20 |
Wind plant capacity kw 20,000
Hub height m 45.0 6.0t0 100.0 m
Wind speed at hub height m/s 8.8
Array losses % 3% 0% to 20%
Airfoil soiling and/or icing losses % 2% 1% to 10%
Other downtime losses % 2% 2% to 7%
Miscellaneous losses % 3% 2% to 6%

Estimate Estimate
Annual Energy Production Per Turbine Total Notes/Range
Wind plant capacity kW 1,000 20,000
1.000 20.000
Unadjusted energy production MWh 3,855 77,097
Pressure adjustment coefficient - 0.90 0.90 0.59t0 1.02
Temperature adjustment coefficient - 1.03 1.03 0.98t0 1.15
Gross energy production MWh 3,573 71,469
Losses coefficient - 0.90 0.90 0.75t0 1.00
Specific yield kWh/m? 1,404 1,404 150 to 1,500 kWh/m?2
Wind plant capacity factor % 37% 37% 20% to 40%
Renewable energy delivered MWh 3,229 64,583

11,625 232,497

Complete Cost Analysis sheet

Version 3.0 © Minister of Natural Resources Canada 1997 - 2004. NRCan/CETC - Varennes
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RETScreen® Equipment Data - Wind Energy Project

Wind Turbine Characteristics

Notes/Range

Wind turbine rated power
Hub height

Rotor diameter

Swept area

Wind turbine manufacturer
Wind turbine model
Energy curve data source

Estimate
kw 1,000
m 45.0
m 54
m2 2,300

Bonus Energy
AN BONUS 1 MW
User-defined

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 24.1 -
5 69.3 1,182.0
6 130.0 1,889.0
7 219.1 2,632.0
8 333.5 3,351.0
9 463.1 4,004.0
10 598.1 4,575.0
11 730.0 -
12 846.5 -
13 928.8 -
14 972.6 -
15 990.8 -
16 997.2 -
17 999.2 -
18 999.8 -
19 999.9 -
20 1,000.0 -
21 1,000.0 -
22 1,000.0 -
23 1,000.0 -
24 1,000.0 -
25 1,000.0 -

Power and Energy Curves
—&— Power —®—Energy
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Return to
Energy Model sheet

Version 3.0
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RETScreen® Cost Analysis - Wind Energy Project Search Marketplace |

Type of project: Currency: Cost references:

Initial Costs (Credits) i Unit Cost Amount Relative Costs Quantity Range  Unit Cost Range

Feasibility Study
Site investigation p-d 6.0 $ 800 | $ 4,800 - -
Wind resource assessment met tower 6 $ 22,000 | $ 132,000 - -
Environmental assessment p-d 8.0 $ 800 | $ 6,400 - -
Preliminary design p-d 18.0 $ 800 | $ 14,400 - -
Detailed cost estimate p-d 18.0 $ 800 | $ 14,400 - -
GHG baseline study and MP project $ - - -
Report preparation p-d 8.0 $ 800 | $ 6,400 - -
Project management p-d 6.0 $ 800 | $ 4,800 - -
Travel and accommodation p-trip 4 $ 3,000 | $ 12,000 - -
$ - R R
Sub-total: $ 195,200 0.6%
Development
PPA negotiation p-d 20.0 $ 1,200 | $ 24,000 - -
Permits and approvals p-d 250.0 $ 800 | $ 200,000 - -
Land rights project 1 $ 30,000 | $ 30,000 - -
Land survey p-d 50.0 $ 600 | $ 30,000 - -
GHG validation and registration project $ - - -
Project financing p-d 100.0 $ 1,500 | $ 150,000 - -
Legal and accounting p-d 100.0 $ 1,200 | $ 120,000 - -
Project management p-yr 1.25 $ 130,000 | $ 162,500 - -
Travel and accommodation p-trip 18 $ 3,000 | $ 54,000 - -
$ - R R
Sub-total: $ 770,500 2.5%
Engineering
Wind turbine(s) micro-siting p-d 175.0 $ 800 | $ 140,000 - -
Mechanical design p-d 100.0 $ 800 | $ 80,000 - -
Electrical design p-d 150.0 $ 800 | $ 120,000 - -
Civil design p-d 90.0 $ 800 | $ 72,000 - -
Tenders and contracting p-d 110.0 $ 800 | $ 88,000 - -
Construction supervision p-yr 0.85 $ 130,000 | $ 110,500 - -
$ - R R
Sub-total: $ 610,500 2.0%
Energy Equipment
Wind turbine(s) kw 20,000 $ 1,000 | $ 20,000,000 - -
Spare parts % [ 1.0% $ 20,000,000 $ 200,000 - -
Transportation turbine 20 $ 33,000 | $ 660,000 - -
I I $ - - -
Sub-total: $ 20,860,000 68.6%
Balance of Plant
Wind turbine(s) foundation(s) turbine 20 $ 78,000 | $ 1,560,000 - -
Wind turbine(s) erection turbine 20 $ 52,000 | $ 1,040,000 - -
Road construction [ km 3.00 $ 50,000 | $ 150,000 - -
Transmission line [ km 8.50 $ 70,000 | $ 595,000 - -
Substation project 1 $ 2,055,000 | $ 2,055,000 - -
Control and O&M building(s) building 1 $ 125,000 | $ 125,000 - -
Transportation project 1 $ 68,000 | $ 68,000 - -
I $ - - -
Sub-total: $ 5,593,000 18.4%
Miscellaneous
Training p-d 40.0 $ 800 | $ 32,000 - -
Commissioning p-d 50.0 $ 800 | $ 40,000 - -
Contingencies % 5% $ 28,101,200 $ 1,405,060 - -
Interest during construction [ 6.0% 12 month(s) $ 29,506,260 $ 885,188 - -
Sub-total: 2,362,248 7.8%
Initial Costs - Total ¢ 30,391,448 100.0%
Annual Costs (Credits) Quantity Unit Cost Amount Relative Costs Quantity Range Unit Cost Range
0&M
Land lease project 1 $ 57,000 | $ 57,000 - -
Property taxes project 1 $ 23,000 | $ 23,000 - -
Insurance premium project 1 $ 46,000 | $ 46,000 - -
Transmission line maintenance % 3.0% $ 2,650,000 $ 79,500 - -
Parts and labour kWh 64,582,523 $ 0.008 | $ 516,660 - -
GHG monitoring and verification project $ - - -
Community benefits - 1 $ 15,000 | $ 15,000 - -
Travel and accommodation p-trip 12 $ 3,000 | $ 36,000 - -
General and administrative % 6% $ 773,160 $ 46,390 - -
$ - R R
Contingencies l % 10% $ 819,550 l $ 81,955 - -

Annual Costs - Total $ 901,505 100.0%

Periodic Costs (Credits) Period Unit Cost Amount Unit Cost Range
Drive train Cost 10 yr $ 1,000,000 | $ 1,000,000 - -
Blades Cost 15 yr $ 1,000,000 | $ 1,000,000 - -

$ - - R
End of project life Credit - $ - Go to GHG Analysis sheet
Version 3.0 © Minister of Natural Resources Canada 1997 - 2004. NRCan/CETC - Varennes
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RETScreen® Greenhouse Gas (GHG) Emission Reduction Analysis - Wind Energy Project

Use GHG analysis sheet? Yes Type of analysis:

Potential CDM project? No

Background Information

Project Information Global Warming Potential of GHG
Project name Scenario #2 Project capacity 20.0 MW 21 tonnes CO, = 1tonne CH, (IPCC 1996)
Project location Pincher Creek, AB 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 losses factor
(%) (kg/GJ) (kg/GJ) (kg/GJ) (%) (%) (tcoo/MWh)
Coal 100.0% 94.6 0.0020 0.0030 35.0% 8.0% 1.069
Electricity mix 100% 293.8 0.0062 0.0093 8.0% 1.069

Does baseline change during project life?

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) (kg/GJ) (kg/GJ) (%) (%) (tcoz/MWh)
Electricity system
Wind 100.0% 0.0 0.0000 0.0000 100.0% 0.000
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
| ¢tcoz2imwh) | @tcoz2mwh) | (MWh) (tcoz) (%) (tcoz)
Electricity system 1.069 0.000 59,416 63,486 | 0.0% | 63,486

Complete Financial Summary sheet

Version 3.0 © United Nations Environment Programme & Minister of Natural Resources Canada 2000 - 2004. UNEP/DTIE and NRCan/CETC - Varennes

20/07/2004; WIND Scenario 2.xls
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/ Greenhouse Gas Emission Analysis
aWwith RETScereenf Sofitware

OBjJectives

= Intreduce a methodoloegy: for
calculating reductions in
greenhouse gas (GHG) emissions

= Demonstrate the RETScreen™
GHG Emission; Reduction
Analysis Model

\What: needs; to) be calculated?

* Annual greenhouse gas emission reduction

» Base case (typically conventional technology) vs.

Proposed case (clean energy technology)
» Units: tonnes of CO, per year

» CH, and N,O emissions converted to equivalent CO,

emissions in terms of their global warming potential




How/is this calculated?

Annual GHG emission reduction

(tco,)

Base case Proposed case End-use
GHG emission GHG emission x annual energy
factor factor delivered
(t co, /MWh) (t co, /MWh) (MWh)

= RETScreen® adjusts  the annual reduction to account for:
transmission & distribution' losses and GHG credits
transaction fees (Version 3.0 or higher),

RENScreen® GHE Emission
Reduction AnalysisiVMedel

= Standardised methodology
developed by NRCan with
the United Nations
Environment Programme:
(UNEP), the UNEP RIS@
Centre on Energy, Climate
and Sustainable
Development (URC), and
the World Bank’s Prototype
Carbon Fund (PCF)

Validated by a team of
experts from Government
and Industry

Type oif Analysis

| RETScRuEn” It Ti

¢ Standard analysis: RETScreen® automatically: uses
IPCC and industry standard values; for:

» CO, equivalence factors for CH, and N,O
» CO,, CH,, and N,O emissions for common fuels

» Efficiency for conversion of fuel to heat or electricity

= Custom analysis: the user specifies these values

* User-defined analysis: user enters GHG emission
factors directly (Version 3.0 or higher),
» Does not specify fuels and conversion efficiencies




Defining Baseline

| RETScuzen® Int

= Different baselines for GHG emission calculations:

»  Historic static baseline (all existing generating capacity) "A“\
_ o3

» Historic static baseline based on recent trends

q
baseline based i I %"\;
» Future static baseline based on expansion plans
-y x
-

Future marginal dynamic baseline

Others

RETScreen® permits one baseline change during course of project
(Version 3.0 or higher)

Can be based on international, national, or sub-national areas
Still under negotiation via the Kyoto Protocol

User must be able to defend choice of baseline and should not
overestimate emission reductions:

arada 2001 - 2004

RETScreen” Facilitates Kyoto Protocolls
CRNand JIFPrejects

| RETScheen" InTemnatic

= Clean Development Mechanism (CDM) Projects:

» Industrialised countries or companies that invest in GHG emission reduction
projects in developing countries gain credits from these projects

Small-scale CDM projects can use simplified baseline methods

»  Electricity projects < 15 MW

»  Energy efficiency projects saving < 15 GWh per year

Joint Implementation (J1) Projects:

» Industrialised countries or companies gain GHG emission reduction credits by
investing in a project in another country that has emission reduction targets
under the Kyoto Protocol (i.e. Annex | countries)

»  Project typically in an economy-in-transition country

CDM and JI projects need to demonstrate “additionality’”
— emission reductions beyond those achieved in baseline scenario
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Conclusions

| RETScREEN" INTERWATIONAL

RETScreen® calculates the annual GHG emission:
reduction for a clean energy project compared
10 a base case system

Easy to use, but does reguire the user to define the
base case scenario carefully for larger projects

Model takes into account emerging rules under the
Kyoto Protocol at the pre-feasibility study: level

To maintain credibility, user should not overestimate:
GHG emission| reductions of the proposed project

© Ministerof Natural

QUESTIENS?

Greenhouse Gas Emission Analysis with RETScreen® Software Module
International Clean Energy Project Analysis Course

WM. FetScreen.net
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Objectives

I TERMAT

Introduce the RETScreen® methodology for assessing the
financial viability' of a potential clean| energy: project
Overview important financial (input) parameters
Review key indicators of financial viability

Examine assumptions for cashflow calculations

Highlight differences between initial costs, 6

simple payback and key financial indicators .
Demonstrate the RETScreen® Financial Summary Worksheet

Show how! incentives, production credits, GHG credits and taxes
can be included in the financial analysis

Introduce sensitivity analysis and risk analysis with/ RETScreen®

Demonstrate the RETScreen® Sensitivity: and! Risk Analysis
Worksheet (Version 3.0 or higher)
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Initiall Cost versus Ongeing Costs:
Remoterlelecommunications Example
| RETSCREEN" IMTERWATIONAI

-
&5

Genset+battery (base case):

>

»
»
>

Initial cost: $6,000

Annual cost: $1,000 for fuel*

Battery replacement every 4 years ($1,500)*
Genset overhaul every 2 years ($1,000)*

Photovoltaics+battery (proposedi case):

»

>

Initial cost: $15,000
Battery replacement every 5 years ($2,000)*

Cost (k$)

Cost (k8)

@

,i
5

@

5

0 Genset Overhaul
= Fuel
' Battery Replacement
 inital Cost

o

Determining Einancial Vialslicyz
Remoterlelecommunications Example

I TERMATI

How can we compare the genset & the PV system?

»

»

Genset: lower initial costs
Photovoltaics: lower annual and periodic costs

Tearanperive sithfew 10y B asg RO 113N

RETScreen®
calculates indicators
that look at
revenues and
expenses over the
ife of the project!

Wea Prasest Vales § A7F1




Cashilow: Calculations:

What does RElScreen™ do?

M Cumulative Cashflow
Fuel Savings
O&M Savings
Periodic Savings
Incentives

Annual Cashflows

Production Credits

Time (yr)

GHG Credits

Cash Outflows

Equity Investment
Annual Debt Payments
O&M Payments
Periodic Costs

Indicators

Net Present Value
Simple Payback

IRR

Debt Service Coverage
Etc.

thousands of

Einancial (Inpuk) Parameters
Used! by RETIScreen®

| RETScmeen" Iny

Financial Parameters

Auoided cost of energy HkWh Debtratio

FE praductian credi HKWh X Debtinrestrate

FE produstion sredit duration w Debtterm

FE oredit esoalation rate %

GHG emission reduction oredit  Hiteas Income tas analysis? yestno
w P

(GHG redustion oredit duration Effective inoome tax rate ]

GHG oredit esoalation rate % 2| Loss carmforward? yestno
Depresiation method -
Depreciation tas basis %

Energy cost escalation rate % ] Depreciation rate %

Inflaticn %

Discount rate % | Tan holiday availzble? yestno

Project i T holiday durstion r

= Discount rate: rate used to convert future cash flows to the present

= Avoided cost of energy:
» For heating and cooling projects: the price of fuel in the base-case scenario
» For electricity projects selling to the grid: the price paid for a unit of clean electricity
sold (for developers) or marginal costs (for utilities)

Key (Output) Indicators) of
Einancial\Viabiliicy

7 Ti

Simple Payback Net Present Value [ Internal Rate of

- (NPV) Return (IRR & ROI)

Meaning # of; years to recoup. Total value ofi project | Interest yield of project
additional costs from in today’s dollars during its lifetime.
annual savings
Example 3 year simple payba million NPV
Criteria Payback < n years Positive indicates IRR > hurdle rate
profitable project

Comment | = Misleading| = Good measure = Can be fooled when
= Ignores financing & = User must specify. cashflow goes
long-term cashflows: discount rate positive-negative-
= Use when cashflow positive
is tigh

© Ministerof Nt




Comparisen et Indicators
Remote helecommunications Example

Simple Payback Net Present Value Internal Rate of
(NPV) Return (IRR & ROI)

* Discount rate of 12%; 50% debt financed over 15 years at 7% interest rate

Indicaters el Einancial\Vialnicy:
Remoteelecommunications Example

Caleulate enorgy prod  yesing
Pre-tax IRR and ROU .
After-tax IRR and ROI Calculate GHG reduc!  yesino [
Sirnpla Payback
War-to-positi ciesh fow 3 Project oty
el Present Value - NFY ¥ Progect debl
Annual Life Cycle Savings Diekt paymeants
Beneft-Cost (B-C) rat - Dbt senvice coverage

= RETScreen
providesia range of
indicators and a
cumulative cash
flow: graph for the
project

escurces Canada 2001 - 2004

Dealing withrURcertainty/:
Sensitivity:and Risk Analy/sis

= At the preliminary: feasibility.
stage, there is much
uncertainty about many’
input parameters

How: is the profitability of:
the project affected by
errorsiin the values
provided by the user?
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Sensitvity, Analysis

Shows how: the profitability of project changes
when two key input parameters vary simultaneously:
For example:

» Initial costs 10% higher than estimated

» Avoided cost of energy 20% higher than estimated

» Does the IRR exceed the 15% IRR threshold desired by the user?

© Yes, it is 15.2%

» Combinations of initial costs and avoided cost of energy below threshold are shaded

© Minister o




Sensitivity: Analysiss Parameters
| RETScmzEn® InTs

= RETScreen® calculates sensitivity of... g::::l':‘;"::;‘: on | Afertax IRR and ROI

» Internal rate of return (IRR/ROI) Theesheald

» Year-to-positive cash flow

| Click here ta Caloulate Sensitivity Anal,ukl
» Net Present Value (NPV)

= ..to simultaneous changes in (for example)...
RE delivered & avoided cost of energy
Initial costs & avoided cost of energy
Debt interest rate & debt term
Net GHG emission reduction & GHG emission reduction credit
RE delivered & RE production credit

= . .with changes of £x, 4, and 0, where x is sensitivity range.
specified by user

Risk Analysis
| RETSceEEn® inTs

= User is uncertain ofi m

Pasamates Minimum
#siched cost of antegy [ 5 008
HE drbvared gz 50
Indial caste

Ancul el

Debe

Cubt intarast rate

Cut barm

RE production credt

» User specifies range of uncertainty for each parameter (e.

» All parameters simultaneously and independently deviate from estimate

= How! does this affect the financial indicato

Risk Analysis:
Vionite: CarlorSimulation

| RETScRuEs” InTERMA mmm

= RETScreen® calculates the freguency: distribution of the financial
indicators (IRR, NPV, and year-to-positive cash flow) by calculating the
values for 500/ combinations of parameters

» Parameters vary randomly according to uncertainty specified by user

7% of the time IRR is 18.2%0.7%

Distribution gf Aftes tax IRR and ROI

BAN VTP TMFL TAFN 1SEW TNSN TETR 196N MFe TR TN PR MOL ML Mew Hew Mow 1w 00 M
e e BTt WO 5]




Risk Analysis: Level off Risk

| RETScuzen® InTe

= There is only a 10% risk that the IRR will fall outside this r:

Median
Leved of s

Whtarrh witn levet of Conbidan e
Lhanmusm witin beved of Cosbdare

Distribustion of Afar tas 175 and 01

15 18P BT IR N XN DA MPL RS I AR 3
e R B4 (1

Risk: Analysis:

InflueEnCE! Off Paraimeters
[ RETScreen” InTi

= “Jornado chart” reveals:

» Which parameters have the most influence

» How changes in parameters affect after-tax IRR, NPV, or year-to-positive cash flow

mpact an Afar-tax IR and RO

Qate

Ut of vt s aning s v of e o ameid

& Mifister of Natra Resources Canaca 2001 - 2004,

Conclusions

| RETScREEs® InTs

= RETScreen® accounts for cashflows due to initial costs, energy’
savings, O&M| fuel costs, taxation, GHG and RE production credits

RETScreen® automatically calculates important:
indicators of financial viability:

The sensitivity of the key financial indicators to changes in the inputs
can be investigated with RETScreen™

Indicators that consider profitability over the life of the project, such
as the IRR and NPV, are preferable tothe simple payback method




QUESTIENS?

Financial and Risk Analysis with RETScreen® Software Module
RETScreen® International Clean Energy Project Analysis Course

For further information please visit the RETScreen Website at
VWA FetScreen.net










2 Summanry of Introduc
‘ Module

Photo : Nordex Gmbh

Conclusions

Clean energy technologies have matured, many: cost-effective
applications exist and markets are growing| rapidly:

Initiall planning stage is where clean energy: technologies must be:
properly considered by planners, decision-makers and industry.

RETScreen® simplifies preliminary evaluations

Requires relatively small amounts of input data

Calculates key technical & financial viability indicators automatically
Costs 1/10th the amount of other assessment methods

Standardized procedures allow objective comparisons

Increases potential for successful clean energy project implementation

anada 2001 - 2005

Growith off RElScreen Software
User Base

RETScreen Software: Cumulative Growth of User Base




| RETScasen’

A IDECISIoN SUpPROrE & Capaciity
Bulldingl reol

WATIC

RETScreen Softwa eported Intended Use

Frsdile of Uners

42,140 onling survay respondants
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R ety
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Commen Platiorm o) Project
Evaluation) & Development:

WATION

RETScreen Rogulator: &
Software | | Policy Makers

Questions?

For further information please visit the RETScreen Website at
WW\WY.retscreen.net




WIND ENERGY PROJECT ANALYSIS MODULE







; Wind Energy Project Analysis

Utility-Scale Turbine

Objectives

Review: basics of
Wind Energy systems

lllustrate key considerations; for
Wind! Energy project analysis

Intreduce RETScreen™ Wind Energy: Project Model

What: denwind energy.s
previde?

° E|ectricity for San Gorgino Windfarm, Palm Springs, California, USA
Central-grids
Isolated-grids
Remote power supplies
Water pumping
...but also...
Support for weak grids

Reduced exposure to
energy price volatility
Reduced transmission and
distribution losses

Photo Credit: War




Windi Turrbine Description

Components

Rotor
Gearbox
Tower
Foundation
Controls
Generator
* Types
» Horizontal axis
= Most common

= Controls or design
turn rotor into wind

» Vertical axis
« Less common

Utilisation eif\Wind EReray;
| __RETScueen®

s Off-Grid Off-Grid, 10-kW Turbine, Mexico
»  Small turbines (50 W to 10 kW)
» Battery charging
»  Water pumping
* |solated-Grid
» Turbines typically 10 to 200 kW

» Reduce generation costs in remote
areas: wind-diesel hybrid system

» High or low penetration

e Central-Grid
»  Turbines typically 200 kW to 2 MW
»  Windfarms of multiple turbines

Wind resource
assessment

Environmental
assessment

Regulatory approval
Design
Construction

» Roads

» Transmission line
» Substations

Photo Credit




Wind RespUrcE

= High average wind speeds are essential
» 4 m/s annual average is minimum
»  People tend to overestimate the wind
»  Wind speed tends to increase with height
* Good resource
Coastal areas 1MW Turbine Power Curve
Crests of long slopes 1,200

Passes 1,000 7
800 |

Valleys that channel winds 600 1
. e 400 |

= Typically windier in 200 |
»  Winter than summer 0

Open terrain

Power (kW)

»  Day than night 0 2 4 6 81012 14 16 18 20 22 24
Wind speed (m/s)

 Ministerof Ntural Resources Cansca 2

Wind Energy: System Costs

= Windfarms

. Feasibility Study
»  $1,500/kW installed

»  0&M: $0.01/kWh Development
»  Selling price: $0.04-$0.10/kWh Engineering

Single turbines Turbines
& isolated-grid

Balance of plant

»  Higher costs " '
(more project specific) 0%  20%  40% 60%  80%
Portion of Installed Costs
Feasibility study, development
& engineering represent a higher portion of costs

Expect one major component replacement of 20 toi 25% of initial
Ccosts

»  Rotor blades or gearbox

© Ministrof Naual anada 2001 2004

Wind ERergy; Project
Considerations

7 Ti

Good wind resource dramatically reduces cost of production

»  Good resource assessment is a worthwhile investment

Additional sources of revenue

»  Government/utility production credits or Greenpower rates
»  Sales of emissions reduction credits (ERC's)

Constraints and criteria
Environmental acceptability
Acceptance of local population
Grid interconnection and transmission
capacity

Financing, interest rates,

currency exchange rates




xamples: Europe and USA
Central-Grid\Wind Energy; Systems

Intermittent generation not a problem:
17% of Denmark’s electricity is from
wind with no additional reserve
generation

Quick projects (2 to 4 years) that can
grow to meet demand

Photo Credit: Danmarks Tekns

Land can be used for other purposes,
such as agriculture

Individuals, businesses, and co-
operatives sometimes own and
operate single turbines

Examples: India andiCanada
Iselated-Grid\Wind Eneray, Systems
| RETScRuen" Invemmationas

= Electricity generation expensive due to cost of transporting
diesel fuel to remote areas

»  Wind turbines reduce consumption of diesel fuel

= Reliability & maintenance are important

50-kW Turbine, Nunavut, Canada

| Installation of a 50-kW Turbine, West Bengal, India

Photo Credit: Paul Pynn/ Atlantic O

Examples: USA, Brazl andf Chile

Ofifi=Grid Wind Energy: Systems

Electricity for small loads in windy off-grid areas

Batteries in stand-alone systems provide electricity during calm periods

\Water pumping: water reservoir is storage
Can be used in combination with fessil fuel gensets and/or photovoltaic
arrays in a “hybrid” system

Power for a Telecommunications Power for a Remote ]
Tower, Arizona, USA village, Brazil Hybrid Wind Energy System, Chile

Photo Credit: A




RETScreen™ Wind EReragy.

Preject Viedel

= World-wide analysis of energy: production, life-cycle costs
and greenhouse gasiemissions reductions

» Central-grid, isolated-grid and off-grid
» Single turbines or windfarms

» Rayleigh, Weibull, or user-defined
wind distributions

Only 1 point of data for
RETScreen® vs. 8,760 for
hourly simulation models

Currently not covered:

» Stand-alone systems requiring
storage

RETSCrEE!
Wind Energy: Calculation

See e-Textbook

Clean Energy Project Analysis:
RETScreen® Engineering and Cases

Wind Energy Project Analysis Chapter

ExamplerValidation el the
REINScreen™ Wind ERergy: Preject: Model
= RETScreen®™ compared to HOMER hourly simulation
» 10 turbines of 50 kW each installed in Kotzebue, Alaska

» RETScreen’s estimate of annual energy production is within 1.1% of HOMER

= RETScreen® compared to monitored data from same system:

Period RETScreen | Monitored Difference
Energy. Energy:
(MWh) (MWh)
1998 -80/
(3 turbines)

0
19! 10[0[0) %




Conclusions

Wind turbines provide electricity: on and offi grid world-
wide

A good windi resource! isian important factor for
successful projects

Availability of preduction credits or Greenpower rates
are important for on-grid projects

RETScreen® calculates energy production using annual
data withian accuracy comparable to hourly simulations

RETScreen® can provide significant preliminary;
feasibility study cost savings

QUESTHIENS?

Wind Energy Project Analysis Module
RETScreen® International Clean Energy Project Analysis Course

For further information please visit the RETScreen Website at
WM. Fetsereen. net




SMALL HYDRO PROJECT ANALYSIS MODULE







Objectives

Review: basics: of
Small Hydros systems

lllustrate key: considerations for
Small Hydro: preject analysis

Introduce RETScreen® Small Hydro Project Model

Wihat dersmall hydrersystenms
previde?

= Electricity for
» Central-grids
» Isolated-grids

» Remote power supplies

...but also...
» Reliability Photo Credit: Robin Hughes/ PNS
» Very low operating costs

» Reduced exposure to energy price volatility




Head (m)
//

y
B

Power in kW = 7 x Head x Flow ‘

 Ministerof NturalResour

“SmallF* HydrerProjects

| RETScmeen’

= “Small” is net universally' defined
» Size of project related not just to electrical capacity but also to

whether low or high head

Typical RETScreen® RETScreen®
Power Flow Runner Diameter

< 100 kW < 0.4 m¥/s <0.3m

100 to 1,000 kW 0.4 t0 12.8 m*/s 03t00.8m

1 to 50 MW >12.8 m3/s >0.8m

 Ministerof Ntural Resousces Canada 2001~ 2004

17.6-MW Run-of-River Hydro Project,
Massachusetts, USA

Central-grid
» Isolated-grid or off-grid

pe of civil works
»  Run-of-river
= No water storage

= Power varies with flow available from
river: lower firm capacity

» Reservoir
= Higher firm capacity year-round
= Significant damming usually required




Typically account for 60% of plant initial costs

= Diversion dam or weir
» Low dam of simple construction for run-of-river
»  Concrete, wood, masonry
»  Cost of dam alone can render project unviable
= Water passage
»  Intake with trashrack and gate; tailrace at exit
»  Excavated canal, underground tunnel and/or penstock
» Valves/gates at turbine entrance/exit, for maintenance
= Power house

» Houses turbine, mechanical, and electrical equipment

Components: Turbine

Scaled-down versions ofi large-hydro turbines Pelton Turbine
Efficiency of 90% possible

In run-of-river, flow rate is quite variable
»  Turbine should function well over a range of flow rates
or multiple turbines should be used
Reaction: Francis, fixed pitch propeller, Kaplan §
»  For low to medium head applications

»  Submerged turbine uses water pressure and kinetic energy

Impulse: Pelton, Turgo, crossflow:
»  For high head applications

»  Uses kinetic energy of a high speed jet of water

CompeReEnts:
Electrical andl Other EquUipmenit

I TERMATI

* Generator
»  Induction
= Must be tied to other generators
= Use to feed electricity onto large grid
»  Synchronous
= Can function in isolation from other generators

= For stand-alone and isolated-grid applications
* Other equipment
» Speed increaser to match turbine to generator
» Valves, electronic controls, protection devices

»  Transformer




World HydroerResourrce

| RETScumen it
= More rain falls on continents than evaporates from them

= For equilibrium, rain must flow to the oceans in rivers

Africa

South Asia and Middle East
China

Former Soviet Union

North America

South America

Central America
Europe
Australasia

/1993, sland Press,

© Ministerof NturalResou

Siite HydirerRespurrce

| RETScREEN" INTERWATIONAL

Very site specific: an exploitable river is needed!
» Change in elevation over a relatively short distance (head)
» Acceptable variation in flow rate over time: flow duration curve

= Residual flow reduces flow available for power

= Estimate flow duration Flow-Duration Curve

— d 50.0
curve basead on 40.0 4

30.0 q
20.0 4

Size of drainage above 10.0 4
site, specific run-off, and 00

shapelofifiow/duration 0 10 20 30 40 50 60 70 80 90 100
curve Percent Time Flow Equalled or Exceeded (%)

» Measurements of flow
over time

Flow (m3¥s)

 Ministerof Ntural Resousces Canada 2001~ 2004

Small' Hydre System| Cests

of' costs are site specific

High initiall costs

»  But civil works and equipment can last >50 years

Very: low operating and maintenance costs
» One part-time operator is usually sufficient

» Periodic maintenance of major equipment requires outside contractor
Highi head developments tendi to be less; costly.

Typicallrange: $1.,200 to $6,000 per: installed kW




SmallFEydrre Preject:
Considerations

| RETScRzen® iny
Keep costs down with simple design and! practical, easily-
constructed civil structures:

Existing dams and civil structures can be used

Development time of 2 to 5 years

» Resource and environmental studies: approvals
Four phases for engineering work:

» Reconnaissance surveys/hydraulic studies

»  Pre-feasibility study

» Feasibility study Engineering

System planning and project engineering

Smalll Hydroe
Envirenmenital Censiderations
| RETSchzun" InTERWATIONAL
= Small hydro development can change
» Fish habitat
» Site aesthetics

» Recreational/navigational uses

= Impacts and environmental assessment requirements
depend on site & type of project:

Run-of-river at existing dam: relatively minor
Run-of-river at undeveloped site: dam/weir/diversion construction

Water storage developments: larger impacts that increase with scale of
project

© Ministerof Naural

Examples: Slovakia, Canada and USA
Central=Gridr Small Bydrer Systems

| RETscamew
. . _ _ Un
Run-of-river projects will feed grid when
flow available
Utility-owned or independent power
producer with long-term PPA

2.3-MW. 2 Turbine, Jasenie, Slovakial

Photo Credit: Emil Bedi (Foundation for Alternative Energy)/ Inforse Phioto Credit: CHI Energy




Examples: USA andl China

Iselated-CGiid Small Bydife Systems

= Remote communities

* Remote residences
& industry/

Photo Credit: International N

Higher price paid for
electricity:

Run-of-river projects typically
need supplemental capacity

and may have flow: in excess

e "o o G
King Cove 800 kW Small Hydro System,
Town of 700 People of demand

redit: Duane Hippe/ NREL Pix

RETScreen® Small Hydre
Preject Viedel

| RETScREEN" INTERWATIONAL

= World-wide analysis of energy production, life-cycle costs
and greenhouse gas emissions reductions

»  Central-grid, isolated-grid and off-grid

»  Single turbine micro hydro to
multi-turbine small hydro

»  “Formula” costing method

= Currently not covered:

»  Seasonal variations in isolated-grid load

» Variations in head in storage projects
(user must supply average value)

RETScreen® SmalllHydre
Energy; Calculation

Clean Energy Project Analysis:
RETScreen® Engineering and Cases

Small Hydro Project Analysis Chapter




ExamplerValidation el the
REfScreent SmallfEydre Project Medel

Turbine efficiency:

»  Compared with e

manufacturer’s data for RETScreen
an installed 7 MW GEC
Alsthom Francis turbine

o
]
X

40%

Efficiency (%)

Plant capacity & output Turbine Efficiency Curves: |
RETScreen vs. Manufacturer
0% T T T T

0% 20%  40% 60%  80%  100%|

» Al results within 6.5% Percent of Rated Flow

20% -

» Compared with HydrA for
a Scottish site

Formula costing method!

» Compared with RETScreen®, within 11% of a detailed cost estimate for a
6 MW project in Newfoundland

Conclusions

| RETSchaen® InTERNATIONAL TEEE

Small hydro: projects (up to 50/ MW) can provide electricity for
central or isolated-grids and! for remote power supplies
Run-of-river projects:

» Lower cost & lower environmental impacts

» But need back-up power on isolated grid
Initial costs high and 75% site specific
RETScreen® estimates capacity, firm capacity, output and

costs based on site characteristics such: as flow-duration curve
and head

RETScreen® can provide significant preliminary feasibility study:
cost savings

QUESTIENS?

Small Hydro Project Analysis Module
RETScreen® International Clean Energy Project Analysis Course

For further information please visit the RETScreen Website at
WW\WY.retscreen.net







PHOTOVOLTAIC PROJECT ANALYSIS MODULE







Objectives

Review: basics of:
Photovaltaic (PV) systems:

lllustrate key considerations for
PV project analysis

Introduce RETScreen” PV Project Model

What dor PV systenis, previde?

| RETScRuEn’ InTERWATIONAL
Solar Home Lighting System,

= Electricity (AC/DC) West Bengal, India

* Pumped Water

...but also...

Reliability
Simplicity
Modularity
INET]

Silence




| RETScuzen® Int

= Modules
= Storage: batteries, tank

© Power conditioner
» Inverter
» Charge controller
» Rectifier
» DC-DC converter

* Other generators: diesel/gasoline, wind| turbine

* Pump

On=Grid Systems

| RETScREEN" INTERWATIONAL

= PV Integration
» Distributed

» Centralised

* Grid-Type
» Central

» Isolated

= Not usually:
cost-effective
without subsidies

Ofifi=Grid Systems

| RETSCREEN" INTERMATIONA

= Configuration

» Stand-alone

» Hybrid

= Often very cost-effective

Small loads best (< 10 kW) z.r

Lower capital costs than TV Transmitee

grid extension

Lower O&M costs than gensets and
primary batteries




Water PUmping Systems
| RETScruun’ INTERMATIONAL
= Special class of off-grid system
© Often cost-effective
» Livestock watering

» Village water supply

» Domestic water supply

Selar Reseurce

| RETScmeen" Iny T

°1W, off PV= 800 to 2,000 Whi per year

» Latitude

» Cloudiness

= Winter solar resource critical for
off-grid systems

» Higher tilt angles (latitude +15°)
» Hybrid systems

= Annual selar reseurce criticall for on-grid systems

» Trackers when high proportion of beam radiation

Selar-Lead Correlation

Positive
= Seasonall correlation
» Irrigation

» Cottage systems

= Diurnal correlation

» Positive, zero & negative




Examples afi PV Systeni Costs

| RETScuzen® Int

» On-grid house, 1 kW » Off-grid telecom hybrid, 2.5 kW
(38°N, California) (50°S, Argentina)

O Operation
OMisc

» Energy = 1.6 MWh/year » Energy = 5MWh/year, (PV=50%)
» Cost = $0.35/kWh » Cost = $2.70/kWh
» Grid Cost = $0.08/kWh » Genset/Battery Cost = $4.00/kWh

Phetevelitaic Project

Considerations
| RETScreen” INTERMATIONAL

= Distance to grid = Sociall aspects

= Cost of site visits = Value of intangibles
Image
SNO&MICOStS Environmental benefits

Reduced noise and visual
pollution

= Managing expectations Modularity & simplicity

= Reliability vs. cost

NorthwesTel Mountaintop Repeater Station, Northern British Columbia, Canada

Vadim Belotserkovsky
© Ministerof Naural

Examplestilibet; Botswanas, Swazilandiand Kenye
Selar Lighit and Heme PV Systenis
[ RETsckmEn iny
= Cost of grid extension prohibitive
Smalll loads

Maintained' locally

Simple

Reliable Prota Credit: Simon Touo (NREL 7).
R,




Examples: Einland and Canada
Remote Cottages and [Homes

7

= Modular
Simple
Reduced noise

No power lines

Hybrid System

Cottage:
seasonal loadl correlation

Year-round:
hybridl systems

Examples: Morocco and! Brazil
Hyhrd Village Pewer Systems
| RETSCREEN" IMTERWATIONAI
= Cost of grid extension prohibitive
= Cost of diesel fuel andlgenset maintenance high

* Human Aspects
» Expectations
» Managing demand
» Social impacts

Examples: Antarctica and Canadea
Industrialf System: nelecom & Voniterng

= \/ery remote Sites...
» Cost of O&M

» Genset and PV
complementary

= .and even
sites near grid...

» Transformer cost
» Can be relocated

» More reliable than grid




Examples: Switzerlandland' Japan

On-Grd Bulldings with P\

* Not usually
cost-effective
without subsidies

= Justified by

Solar Roofing System [§
» Image A

janis

» Environmental benefits

» Market stimulus

* Long-term  commitments by
manufacturers, governments and
utilities have reduced costs

Examples: India and USA:

Water PUumping PV Systems

| RETScREEN" INTERWATIONAL

. . D W
= Cost-effective when off-grid -
Load correlation
» Storage in water tank

» Seasonal load correlation

Improved water quality

. Cattle Watering System
Conyvenient
Reliable

Simple

RETIScreen Photoveltaic
Project Viodel

TERMATIONAL

= World-wide analysis of energy production, life-cycle costs
andl greenhouse gas emissions reductions

On-grid (central or isolated grids)

Off-grid (PV-battery or
PV-genset-battery)

Water pumping

i

= Only 12 points ofi data for
RETScreen ™ vs. 8,760 for
hourly simulation models

= Currently not covered:

Y [Pz

» Concentrator systems

E
i
{

» Loss-of-load probability calculations

arada 2001 - 2004




RETScreen™
RPVEEReray Calculation

| RETScezew
Cairutaty snergy ‘
Salivared by Y oy

Offgria
model

Clean Energy Project Anal
RETScreen® Engineering an

Photovoltaic Project Analysis Chapter

ExamplervValidation e the
RETScreen: PV Project Model
= PV//genset/battery hybrid system in Argentina compared
to HOMER hourly simulation
» 500 W, load
» 1 kWn array, 60 kWh battery, 7.5 kW genset, 1kW inverter

b M s ey dn A S 0a Mor o o Fb M mw Mey | hn A Sen | 0 fiw | Oec

Comparing PV Energy Production Calculated by RETScreen and HOMER. Comparing Genset Fuel Consumption Calculated by RETScreen and HOMER

Conclusions

7

PV for on-gridl & off-grid electricity, water pumping

The solar resource! is good around the world

» PV systems installed in all climates

Capital costs high
» Cost-effective off-grid
» Subsidies required for on-grid
RETScreen” is an annual analysis with monthly:

resource calculation that can achieve accuracy
comparable tor hourly simulation medels

RETScreen!” can| provide significant
preliminary feasibility study cost savings




QUESTIENS?

Photovoltaic Project Analysis Module
RETScreen® International Clean Energy Project Analysis Course

For further information please visit the RETScreen Website at
WM. FetScreen.net




COMBINED HEAT & POWER PROJECT ANALYSIS MODULE







' Combined Heat and/ Power
Project Analysis

Power Plant

Objectives

Review: basics of Combined
Heat and Power (CHP) Systems

lllustrate key: considerations for
CHP' project analysis

Intreduce RETScreen” CHP! Project Model

What dorCombined Heat and
PoWeEl: (CHHP) systens; provide?

| RETSCREEN" INTERMATIONA

= Electricity Biomass Fired Power Plant, USA
° Heat

»  Buildings

»  Communities

»  Industrial processes

...but also...
Increased energy: efficiency
Reduced waste & emissions
Reduced| T&D) losses

An opportunity to use district
energy system:

Cooling




CHHPISystem Metivation

7 Ti

Traditional central power systemyisi inefficient

»  One-half to two-thirds of energy is wasted as heat

» This heat, otherwise lost, can be used for industrial processes, space and
water heating, cooling, etc.

Electricity! is Rl M
. westhermal 1024

typically more

valuable than

heat

Jhe CHP Concept

| RETScmeen" Iny T

Simultaneous preduction of two or more types of
usable energy from a single energy: seurce
(also called “Cogeneration’)

Use of waste heat from power generation equipment
Heal recovery efficiency (55/70) = 7T8.6%

Total efficiency (300551 100) = 85.0% Exhaund gas
Heal

CHP Description
Equipment & llechnoelegles

TERMATIONAL

* Power equipment
» Gas turbine
»  Steam turbine
» Gas turbine-combined cycle
» Reciprocating engine
»  Fuel cell, etc.

= Heating equipment
» Waste heat recovery
» Boiler / Furnace / Heater
» Heat pump, etc.

= Cooling eguipment
» Compressor

» Absorption chiller
» Heat pump, etc.




CHP Description (Conit.)
EUEININVPES

ALY

* Fossil fuels
» Natural gas
» Diesel (#2 oil)
» Coal, etc.
Renewable fuels
Wood residue
Biogas x r etz, DOE/NREL
Agricultural byproducts
Purpose-grown crops, etc.
Bagasse
Landfill gas (LFG)

Geothermal energy:

Hydrogen, etc.

CHHP Descriptien (Cont:.)
Applicatiens

| RETScmeen" Iny TIONAL

Single buildings CHP Kitchener City Hall

Commercial and industrial
Multiple buildings

District energy systems
(e.g. communities)

Industrial processes

District EnErgy/ Systems

TERMATIONAL

= Heat from a CHP' plant can be distributed to multiple nearby:
buildings for heating/and cooling
» Insulated steel pipes are buried 0.6 to 0.8 m underground

= Advantages compared to each building having own plant:
Higher efficiency
Emissions controls District Energy Plant District Heat Hot Water Pipes
on single plant e
REVEWY
Comfort
Operating convenience

= |Initial costs typically higher




CHHP System Costs

= Costs highly variable
= Initial costs

» Power generation o . 700 10 2,000
equipment [(Gias burberss 550 o 2,500

i i [Gas turbane - combued cycle 700 te 1,500
Heatvlng equvlpment = . o081 500
Cooling equipment system 1,800 to 2,100

Electrical 4,000 1o 7,700

; ; 1.000 to 3,000
interconnection h

350 1o 4,500
» Access roads . 8.000 15 12,000

» District energy piping | i diun$ a3 of Jamuacy 1, 2003
ichange rate 1 tine wia 1 CAD = 05| USD wnd | CAD = 062 EUR

= Recurring costs
» Fuel

» Operation & maintenance
» Equipment replacement & repair

CHHP Project Considerations

Reliable, long-termi supply: of fuel
Capital costs must be kept under control

Need “customer” for both' heat and' pewer
» Must negotiate sale of electricity onto grid if not all consumed on-site

Typically plant is sized for heating base load (i.e. minimum
heating load! under normall operating| conditions)

» Heat output typically equal to 100% to 200% of the electricity output

» Heat can be used for cooling through absorption chillers

Risk associated with' uncertainty, of; future
electricity / natural gas (“spark”) price spread

© Ministerof ot Canada 2001 - 205,

Example: Canada
Single Buidings

= Buildings requiring heating, cooling,
and a reliable power supply:

»  Hospitals, schools, commercial buildings,
agricultural buildings, etc.

Reciprocating Engine
Photo Credit: GE Jenbacher




Examples: Sweden|and USA
VdlitiplerBuildings

| RETScuzen® Int

Groups of buildingsi sernved! by a
central heating/cooling power plant
» Universities, commercial complexes, communities,
hospitals, industrial complexes, etc.
» District energy system

BHAW lan T

District Energy Plant Turbine used at MIT, Cambridge, Mass. USA

Photo ‘SweHeat

Example: Brazil
Industrial PreCeSsES

| RETScREEN" INTERWATIONAL

= Industries with a high, constant
heating or cooling demand are
good candidates for CHP

= Also applicable to
industries that produce
waste material which
can then be used to
generate heat and
power

Canada 2001 - 205,

Examplesi Canadaaned Swee
CandiilliGas

| RETScRuEn” It

Landfills produce methane ”
as waste decomposes Landfill Gas

This can be usedias the fuel Collection ('fd{"
for cooling, heating or

power projects: R ——
Calen/

Dyt

edit: Gaz Metropolitan

LFG CHP for district heating system, Sweden

Photo Credit: Urban Zi




| RETScuzen® Int

= World-wide analysis of energy production, life-cycle costs
and greenhouse gas emissions reductions

Cooling, heating, power, and
all combinations thereof

Gas or steam turbines,
reciprocating engines, fuel cells,
boilers, compressors, etc.

Vast range of fuels, ranging from
fossil fuels to biomass & geothermal

Variety of operating strategies
Landfill gas tool
District energy systems

= Also includes:

»  Multiple lal ges and currencies,
unit switch, and user tools

RETScreent CHIP
Project Modellcont.)

Heating Heating
load

= Capabilities for various Reanvered
type of projects

Heating only
Power only

Cooling only

Combined heating & power
Combined cooling & power

Combined heating & cooling

Combined
cooling, heating & power

 Ministerof Natural Resousces Canada 2001 - 2005

RETScreen” CHP Preject Model
Heating| Systems

z
=




RETScreen” CHP Preject Viodel
Cooling Systems

Month

RETScreen” CHP Project Viedel
POWEIR SyStems

s
H
]
g

Peak kuad powes

Month

P N ]

REINSCrEEn’
CHPEnengy: Calculation L

- — *  Heating project;
[ rer INTERMATIONAL |
L *  Cooling project; and/or
*  Power project.

Y

Define equiment characteristics 1

S

1
Calculate energy delivered and
corresponding fuel
consumption
See e-Textbook
Clean Energy Project Analysis:
RETScreen® Engineering and Cases

Combined Heat and Power Project Analysis Chapter Stz GHP Enegy Miwets) Fss i




Example Validation of the
RETNScreen CHP RProject Medel

7

Overall validation by independent consultant (FVB Energy Inc.)
and by numerous beta testers from industry, utilities,
government and academia:

Compared with several other models and/or measured data, with
excellent results (e.g. steam turbine perfermance calculations compared!
with GE Energy process simulation software called GateCycle)

Steam Turbine Performance Calculation Comparison

Inlet Flow, Outlet Flow Extract Flow, Efficiency GateCycle  RETScreen CHP
Power Output  Power Output
K K i K MW MW

50/1000/750 40/14/210 10/60/293 3,896 3,883

50/1000/545 50/60/293 2,396 2,404

50/450/457 50/60/293 1,805 1,827

50/450/457 50/14.7/212 2,913 2,915

Conclusions

Combined Heat and Power (CHP) systems make efficient
use of heat that would otherwise be wasted

RETScreen calculates demand and load duration curves,
energy delivered;, and fuel consumption for various
combinations of heating, cooling and/oxr pewer systems
using minimal input data

RETScreen provides significant preliminary feasibility
study cost savings

QUESTIENS?

TERMATIONAL

Combined Heat and Power Project Analysis Module
RETScreen” International Clean Energy Project Analysis Course

For further information please visit the RETScreen Website at
WAV FetScreen.net




BIOMASS HEATING PROJECT ANALYSIS MODULE







/_ Biomass Heating

Objectives

Review: basics of
Biomass Heating Systems

lllustrate key: considerations for
Biomass Heating project analysis

Introduce RETScreen® Biomass Heating Project Model

What: derbiomass heating systems
previde?

| RETScRuEn” It

© Heat for
» Buildings
»  Communities

» Industrial processes

...but also...

» Job creation
» A use for waste materials

» An opportunity to use
district heating and waste
heat recovery




Biemass) Heatinel System
Description

Heating Plant
Small Diameter Wood Waste Packaged in Bales, Finland

»  Waste heat recovery system

Biomass combustion system for
base load

»  Peak load heating system
»  Optional backup system
= Heat Distribution System
»  Hot water supply, cold water return

»  For single building or district heating
system

= Fuel Supply Operation
»  Fuel receiving, storage, and transport facilities

»  Typically automated fuel transfer from day bin to combustion

Biemass) Heating| System
Description| (Cont.)

| RETScmeen" Iny

Exhanst Syztem

Diagram: Buyer's Guick

 Ministerof Ntural Resousces Canada 2001~ 2004

Peakivs. Base Lead Systemnis

7

ThE BIomass) systemi can e sized for:

* Peak load

»  Biofuel use maximized and fossil fuel use minimized

» Larger, more expensive system

» Part load operation lowers efficiency if load variable

= Base load
» Operates near design capacity, so efficiency high
» Capital costs much lower

» Conventional system required for peak load




Distrct Heating Systems

I TERMATIONAL

Heat from a central plant can be distributed to multiple nearby:
buildings for heating and service hot water
» Insulated steel pipes are buried 0.6 to 0.8 m underground

dvantages compared to each building having own plal
Higher efficiency
Lower emissions

District Heating Plant District Heat Hot Water Pipes
Safety 9 P

Comfort

e
Operating convenience ‘_i
» _ -
Initial costs high

Needs more attention than
fossil fuel systems

Biomass Euels

= Biomass fuels (feedstocks) include

»  Wood & wood residues (chunks, sawdust, pellets,
chips)

Agricultural residues (straw, chaff, husks, animal
litter and manure)

Energy crops (hybrid poplars, switchgrass, willows)

Municipal Solid Waste (MSW)

* |Important feedstock considerations

Heating value and moisture content
Reliability, security, and price stability of supply

Transportation and storage facilities

Envirenmental Attrikbutes ofi
Biomass EUEels

. . Wood chips
= |If harvested in sustainable manne

»  Zero net production of greenhouse gases

= Low sulphur content reduces acid rain

= Emissions of local air pollutants

Particulates (soot)
Gaseous pollutants
Trace carcinogens

May be subject to regulation




Examples e Biomass Heating
System| Costs

* For a 150 kW system to Initial Costs
heat a 800/ m? building: Annual O&M

Annual fuel

= High initial costs, Electricity $0.08/kWh
potentially low: fuel Propane $0.40/L
COSts: Fuel Oil $0.30/L
Gas $0.20/m?

Mill residue $10/tonne

Tree chips $40/tonne

Biemass) Heating| Project

Considerations
| RETScreen” INTERMATIONAL

Availability, quality and price of biomass feedstock versus
fossil fuels

»  Future non-energy uses of biomass (e.g., pulp)

» Long term contracts

Space available for fuel delivery, storage, and large boiler

Dedicated and reliable operators necessary:
»  Fuel procurement and handling ash removal

Environmental regulations on air quality and' ash disposal

Insurance and safety issues

ExamplesiiAustiia, Germany and Slovenia:
CommunRity ERErgy. Systems

* Groups of buildings including
schools, hespitals, and' clusters
ofi residences

DH Converted from Fossil Fuel to Biomass, Slovenia Wood-Fired Boiler

20012004




Example: Canadal
Instittitionalland Commercial Bulldings
[ ReTscRssw:
= Individual buildingsi can provide their own heat from
biomass
» Institutional: schools, hospitals, municipal buildings

» Commercial: stores, garages, etc.

Photo Credit: ECOMatters Inc.

Examples: Brazilland
Process lHeat
| RETScRuen" Invemmationas

= Often used where biomass is produced and process heat
required

»  Saw mills, sugar and alcohol factories, furniture manufacturing sites,
and drying sites for agricultural processes.

Bagasse for Process Heat ! ¢ Interior of a Combustion
in Wi, Brazil Chamber
= o

Sugar Cane for Process Heat,

n Greta/ NREL Pix o o Photo Credi: Ke:

© Ministerof Naural

RETScreen® Biomass Heating
Prreject Viedel

| RETSchzEn® InTEmw

= World-wide analysis of energy production,
life-cycle costs and greenhouse
gas emissions reductions

Individual buildings to large clusters
with district heat

Biomass, peak, backup and waste-heat
recovery

Sizing and costing of district heat piping
network

© Currently not covered:

» Large-scale district heating (>2.5 MW)
= Use CHP Model instead




RETScreen® Biomass
Heatna Enengy Calculation
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Clean Energy Project Anal P Y
RETScreen® Engineering and Cases Calcatate fust
[r—

Biomass Heating Project Analysis Chapter

Example Validation oi the
RETScreen® Biomass Heating Project Model
| RETSCREEN" IMTERWATIONAI

Calculation of load
duration cunve Load Duration Curve for Uppsala, Sweden

»  Compared with Swedish
DD-IL model for 4 cities
in Europe and North
America

+ RETScreen
1 —DD-IL

District heating
network pipe sizing

Percentage of Peak Load

»  Compared with ABB R22 2000 Numt%?oof Hourssom
program — good results

Heating value of wood

»  Compared with 87 samples of tree bark from Eastern Canada
»  RETScreen® estimate for wood waste within 5% of sample data

Conclusions

TERMATIONAL

Biomass heating energy costs cani be much: lower
than conventional heating costs, even when
considering higher initiall capital costs of biomass
systems

RETScreen® calculates load duration curves, reguired
biomass and peak plant capacity, and district heating
network pipe sizes using minimallinput data

RETScreen® provides significant preliminary, feasibility;
study/ cost savings




Questions?

Biomass Heating Project Analysis Module
RETScreen® International Clean Energy Project Analysis Course

For further information please visit the RETScreen Website at
WA FetScreen.net







SOLAR AIR HEATING PROJECT ANALYSIS MODULE







/_ Soelarf Air Heating
Project Analysis

WATIOWAL ___________________________ www.reascreennet [ | | ]

Industrial Solar Air Heating System. Quebec, Canada

Objectives

= Review: basics, of;
Solar Air Heating| (SAH) systems

= lllustrate key considerations for
SAH project analysis

 [ntreduce RETScreen® SAHI Project Mode!

What dor SAH systems) provide?

| RETSCREEN" INTERMATIONA

Py Wanﬂ Ventllatlon aII’ Schololl, Yellowknife, Canada

= \Warm) process, air

...but also...

Weather cladding

Reduced heat loss through
wall

Reduced stratification
Better air quality
Reduced negative pressure

problems

Photo Credit: Enermodal Engineering




SAH System Operation

Dark perforated absorber captures 43
solar energy v

Fan draws air through collector &
canopy

3. Controls regulate temperature
»  Dampers
> Auxiliary heating
Air is distributed through building
Wall heat loss  recovered
6. Destratification

7. Summer bypass damper:

Commercial/Residential
SAH Systems

| RETScmeen" Iny T

Two types of systems

» Dedicated ventilation (apartments & schools)

» Heating, cooling & ventilation with 10-20% fresh air

SAH| collector connects to conventional fans and ductwork

Conventional heat
added! as reguired

No: destratification:
Economiser cycle
permits using
more fresh air

 Ministerof Natural Resousces Canaca 2001 - 2004

Industriall SARISystens
For ventilation air in factories, warehouses, etc.
Perforated fabric ducting distributes air at ceiling| level

Temperature:

control: mix fresh !~

and recirculated air, mm'aumw.mwmmwﬁ

add heat iff g
. H

necessary. g

Destratification: cool
air mixes with
ceiling| air and
descends

RSO




SAH System fior Precess) Heat

Collector mounted on any convenient surface

Output of collector ducted to process

Tea Drying Shelter, West Java, Indonesia

Temperature can be regulated by ]

» Conventional heater
» Bypass damper
Cropi drying
» Requires low temperatures
to avoid crop damage

Preheat air for industrial processes
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Installed costs:

Collector: $100 to $250/m?
Ventilation system: $0 to $100/m?
Total: $100 to $350/m?

» 1to 3 Gllyear minus cost of conventional cladding

Energy Collected:

SN $0.05/kWh

Diese! [EER B Annual Savings

[ $0.17/m3  $0.45/m3 for 2 GJ Output

$20 $40




Selarr Al IHeating Project:
Considerations
| RETScazEn” inv

= Most cost-effective in new: construction and renovation
»  Cladding credit
»  Ensure that existing ventilation system accommodates SAH easily
Most dark colors have absorptivity of' 0.80-0.95
»  Architectural concerns can be very important

Higher occupancy more Solar Air Heating
J 2 Y System Components

cost-effective

Can be fitted around
windows and doors

Existing fans & ducting
can be used

Low or noadded
maintenance costs:

Photo Credit: NRCan

Examples: Canada and USA
Ventilation Alr Heating) Systems
| RETScRuen" Invemmationas

Improved air quality at low cost Apartment Building,
Ontario, Canada

Size ranges from a few m? to 10,000 m?

Ducts should be located near south wall

Paybacks of 2 to 5 years typical

Industrial systems often have Brown Collector on Industrial
C(UiCkeS[ payback Building, Connecticut, USA

Example: Indenesia
Process IHealt Sy stems
| RETscamen

= Normally constant flow rate
SyStemS W|th Very Slmple Tea Dr m Shelter, West Java, Indonesia
controls

Used for drying crops that:
are harvested throughout
the year

Best if sunny seasen ‘Phato Credi: Corserval Engneeting
coincides with harvest




RETScreen® Solar Air Heating
Preject Viodel

= World-wide analysis of energy: production, life-cycle costs and
greenhouse gas emissions reductions

»  Ventilation air

»  Process heat
»  Heat recovery
»  Destratification

Only 12 points of data for
RETScreen vs. 8,760 for
hourly simulation models

Currently not covered:
»  Advanced HRV systems
»  Non Solarwall® technology
» Unbalanced ventilation systems

RETScreen;
SAEEnenay: Calculation

T 4
[r—
e
e v
i L 3

Eamcurime cobacior

Clean Energy Project Analysis:
RETScreen® Engineering and Cases

Solar Air Heating Project Analysis Chapter

Examplervalidationfofithe
RETScreen™ SAH Project Medel

Comparison with SWift™ | RETScreen | SWift |Difference

[kwhim?d] | [kWh/m?d]

Toronto, Ontario, Canada
Industrial (High Temp Rise) 1.23 1.21
Industrial (High Eff.) 1.64 1.79
Commercial (High Eff.) 1.39 1.28

Winnipeg, Manitoba, Canada

Industrial (High Temp Rise) 1.40 164
Industrial (High Eff.) 2.00 2.20
Commercial (High Eff.) 2.03 1.93




Conclusions

| RETScuzen® Int

SAH provides ventilation and! process air heating

Locations throughout world have solar energy available when
ventilation air heating is reguired:

SAH sernves as weather cladding and feeds inte conventionall ventilation
systems
For SAH systems, RETScreen® calculates

Energy collected, efficiency, and temperature rise
Wall heat loss recovery

Reduced heat loss due to destratification

RETScreen® is an annual analysis withi monthly. resource calculation
that canjachieve accuracy comparable tor hourly simulationimodels

RETScreen” can provide significant preliminary feasibility study: cost
savings

QUESTIENS?

Solar Air Heating Project Analysis Module
RETScreen® International Clean Energy Project Analysis Course

For further information please visit the RETScreen Website at
WM. Fetscereen.net

© Ministerof Naural




SOLAR WATER HEATING PROJECT ANALYSIS MODULE







Glazed Flat Plate Collectors, Ontario, Canada

ORJECLIVES

Review: basics, of;
Solar Water Heating| (SWH) systems

lllustrate: key: considerations for
SWH ! project analysis

Introduce RETScreen® SWH: Project Model

Domestic Hot Water
Process Heat
Swimming| Pool
Heating

...but also...

» Increased hot water
storage

Extended swimming
season (pool heating)




Solar Hot Water System
Schematic

Unglazed Selarr Collectors

| RETScmeen" Iny

Lo, cost
: Solar
Low temperature Unglazed Collector

Rugged
Lightweight

Seasonall pool
heating

Low! pressure

Poor performance in cold or windy weather

Glazed Elat Plate Solarr Collectors

Glazing

Moderate cost

Higher temperature Conleiner
operation

Can| operate at
mains water
pressure

Heavier and more ‘—f
N | Header

fragile —

Insullation —




Evacuated nube Collectors
| RETscases®
Higher cost ! Evacuated Tube
Noi convection losses -
High temperature
Cold climates:
Fragile

Installation
can be more
complicated

Snow is less of
a problem

SolafWater Heating/in: Varous
Climates

| RETScREEN" INTERWATIONAL

= For a domestic solar water heating system with 6 of glazed

collector, a demand of 300 L/day of hot water at 60°C and 300 L of
storage, the solar firaction is:

21% in Tromsg, Norway (70°N) 81% in Matam, Senegal (16°N)

40% in Yellowknife, Canada (62°N) 59% in Puerto Limén, Costa Rica (10°N)

32% in Warsaw, Poland (52°N) 59% in Jakarta, Indonesia (6°S)

51% in Harbin, China (46°N) 86% in Huancayo, Peru (12°S)

67% in Sacramento, USA (39°N) 69% in Harare, Zimbabwe (18°S)

39% in Tokyo, Japan (36°N) 65% in Sydney, Australia (34°S)

78% in Marrakech, Morocco (32°N) 39% in Punta Arenas, Chile (53°S)

75% in Be'er-Sheva, Israel (31°N)

 Ministerof Ntural Resousces Canada 2001~ 2004
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Selar\Water [Heating Project
Considerawens

Large demand for hot water to reduce importance of fixed costs
High energy costs (e.g. natural gas not available)
No reliable conventional energy supply

Strong environmental interest by building owner/operator
Daytime hot water loads require less storage

Lower cost, seasonal systems can be financially preferable to
higher-cost year-round: systems

Maintenance similar to any plumbing system, but operator must
be committed to timely maintenance and repairs

Examples: Australia, Botswana and Sweden:

Domestic Hot Water Systenms

. . The hon System, Australi
- On-grid, need a committed| homeowner: S

» Can have long payback when energy prices are low
» Systems provide 20 to 80% of hot water

= Off-grid or where the energy supply is unreliable:

Homes, Malmo, Sweden

© Ministrof Ntural anada 2001 2004

mples: USA and Canada
SwWimminge Peel Systens

I TERMATI

= Low-cost unglazed collectors
Summer pools in cold climates
Extend the season in warm climates

For summer use on a year-round pool in cold
climates

Can have 1 to 5-year paybacks
= Glazed collectors for heat year-round
= Filtration system serves as pump,

Community Pool System, Ontario, Canada




Examples: G erand Canadal
Commercial/Zlndustral Hot Water Systems,

Hotels/motels, apartments and office buildings

Health centres & hospitals

Car washes, laundromats, restaurants
Sport facilities, schools, shower facilities
Aquaculture, other small industry

Aguaculture Operation, British Columbia, Canada

[}

Photo Credit: Regional & y s Photo Credt: NRCan

RETScreen™ Selar \Water IHeating
Prroject Viedel

TEANATI
= World-wide analysis of energy productior
greenhouse gas emissions reductions

Glazed, unglazed, and evacuated tube
Indoor and outdoor swimming pools
(w/ or w/o cover)

Service hot water systems

(w/ and w/o storage)

Only 12 points of data for RETScreen®
vs. 8,760 for hourly simulation' moedels

Currently not covered:

Changes in service hot water daily loads
Stand-alone service hot water

Systems w/o storage having
high solar fractions —
Sun tracking, concentrator & integrated solar collectors

© Ministrof Naual anada 2001 2004

RENScreen
SWHEFEReragy: Calculation

Clean Energy
sjeet

X
Evsiusts oot
sy

ey

y Project Analysi
RETScreen® Engineering and Ca

Solar Water Heating Project Analysis Chapter




Examplervalidationfofithe
RENScreen® SWHIProject Medel

I TERMATIONAL

RETScreen™ compared b

= WATSUN for domestic
hot water system in Toronto,
Canada:

Incident radiation (GJ)
Load (GJ)

Energy delivered (GJ)
Pump run time (h)

ENERPOOL for 48-m? summer
pool in'Montreal, Canada

»  Energy required to within 2%

Monitored data from a

1,200 m? summer pool in
RETScreen vs. monitored data Mohringen, Germany/
from 10 domestic hot water

systems in Guelph, Canada »  Energy required to within 3%

and solar energy production to
we  wm  me  me e within 14%

Weasured sl s enrgy diered (o)

Conclusions

Unglazed, glazed and evacuated tube collectors provide hot water for
many uses in any climate

Significant hot water demand, high energy: costs, and strong
commitment on part of ewner/operator are important factors in success

RETScreen® calculates:
» Service hot water load and swimming pool load

» Performance of solar swimming pool and service hot water systems with or without
storage

RETScreen” is an annual analysis with monthly’ resource calculation that
can achievel accuracy comparable torhourly simulation models

RETScreen” can provide significant preliminary: feasibility study cost
savings

© Ministerof Nt

QUESTIENS?

Solar Water Heating Project Analysis Module
International Clean Energy Project Analysis Course

For further information please visit the RETScreen Website at
WW\WY.retscreen.net




PASSIVE SOLAR HEATING PROJECT ANALYSIS MODULE







" Passive Solar Heating
Project Analysis

Passive Solar Heating on Residence, France

Objectives

Review: basics of
Passive Solar Heating| (PSH) systems

lllustrate key: considerations for
PSH' project analysis

Introduce RETScreen® PSH Project Model

\WWhat dees PSH provide?

Passive Solar Heating Designed on
Residential Building, Germany
o "

= 20 to 50% of space heating 5 i
reguirements ¢

...but also...

Improved comfort

Better daylight

Can reduce cooling costs
Reduced window condensation

Can permit smaller
heating/cooling plant




Principles eif Operation off PSH

‘COLWOM'.

Summer Winter
PSH

Shading

‘ - Advanced
Devices

Windows
Thermal Mass—

dvanced\Window: lechnelegies

| RETScREEN" INTERNATI
= Double and triple glazed
s [ow emissivity;
= |nert gas fill

* Insulative spacers

Insulated! frames,
thermal break

Spacer Frame
2 Solar Heat Gain Coeff

Insul. Wood

) Center—
Alumin. Wood i of glass

Insul. Wood

Alumin. Wood

Alumin. Aluminum

- Aluminum

= Shading prevents overheating in summer

» Overhangs on equator-facing exposure for when sun is high

» Deciduous trees, nearby buildings and structures

» Screens, shutters, awnings, recessed windows, blinds, etc.

= Thermal mass stores heat, minimizing temperature swings
If equator-facing window area exceeds 8 to 10% of heated floor area,

»
traditional light-weight construction house will overheat

» Use double gyproc walls, ceilings, ceramic floors, brick fireplace, etc.

Active systems can be used to distribute heat through building
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Example oif PSH Costisi & Savings

Canadian: Single Eamily: Buwelling

= Additional window: costs
» 510 35%

»  $400 to $2,000 per
house

100 200 300
Window+install cost ($Im2)

* Savings of 20 to) 50% ofi space heating costs

» Gas
» Oil
» Electricity

$0.25/m?
$0.35/1
$0.06/kWh

$150 to $380 per year
$210 to $520 per year
$270 to $680 per year

© Ministerof Naural

Passive Selar Heatingl Project
Coensiderations

| RETScRuEn” It

= New construction most cost-effective

»  Freedom to orient windows to face equator and avoid west

» Heating system size and perimeter heating can be reduced

= Retrofit cost-effective if windows being replaced anyways f—‘,_i i

= Most cost-effective where heating load high compared to cooling load

»  Low rise residential in moderate to cold climates are best

»  Commercial and industrial buildings have high internal gains

= Consider windows in conjunction with rest of envelope:




Examy Canada and USA
Cow Eneray: Buildiings

I TERMATIONAL

Passive solar technigues incorporated into conventional-
looking buildings

Financial considerations not always paramoeunt: comfort,
sound abatement, appreciation of quality, and envirenment

Good Shading and Advanced Windows, USA Waterloo Green Home, Ontario, Canada

Photo Credt: Hickory Corporation (NREL Pix) dit: Waterloo Green Home

Examples: Germeany: and Lesothio;
Seli=sufiiicienit Selar Heuses
| RETSCREEN" INTERNATIONAL

More glazing, more thermal mass, and control of air
distribution

All'space heating needs can be met by solar energy’

Advanced window! technolegies permit more flexible window:.
placement, heat gains from diffuse radiation

Solar Rondavel, Thaba-Tseka, Lesotho

Photo Credit: Vadim Belots

RENScreen® Passive Selar Heating
Preject Viedel

7

World-wide analysis of energy: preduction (or savings), life-cycle costs
and greenhouse gas emissions reduction

Low-rise residential and small commercial
buildings

In a heating dominated climate

Window gains and losses
Average effects of shading

Only 12 points of data for
RETScreen® vs. 8,760 for
hourly simulation models

rently not covered:
Non-vertical windows
Instantaneous effects of shading
User-specified building thermal mass




RETScreen:
PSH Eneray: Calculation

See e-Textbook

Clean Energy Project Analy:
RETScreen® Engineering and

Passive Solar Heating Project Analysis Chapter

ExamplerValidation oif the
RETScreen™ PSHIProject Vedel

| RETScmsen® intemmationas T T
= RETScreen® compared with HOT2-XP for a 200 m? typical woeod frame
home
»  Double glazed windows upgraded to double glazed low-e with argon
»  RETScreen® to within 18% of HOT2-XP

* RETScreen also compared to Energy Rating Method

Annual energy savings for 8 higher performance windows compared to base case
double glazed windows

Conclusions

| RETScRuEs” InTERMA Al warw. rat mmm

PSHlinvolves building orientation, energy: efficient windews, shading,
and thermal mass to reduce space heating costs

Minimal additional investment in windows can greatly improve
performance of building envelope with long term financial benefits

RETScreen™ calculates:
»  Effect of window orientation, size, and technology on solar gains
»  Effect of window technology on heat losses
»  Effect of shading on cooling load

RETScreen® is an annual analysis with monthly resource calculation
that can| achieve accuracy comparable to hourly simulation; models

RETScreen® can provide significant preliminary feasibility study cost
savings

da 2001 - 2004




QUESTIENS?

Passive Solar Heating Project Analysis Module
RETScreen® International Clean Energy Project Analysis Course

For further information please visit the RETScreen Website at
WM. FetScreen.net




GROUND-SOURCE HEAT PUMP PROJECT ANALYSIS MODULE







/_ Ground:Source Heat Pump
Project Analysis

) RTINS

Philadelphia Enterprise Centre, USA — 28 GSHPs for Heating and Cooling

Objectives
Review basics ofi Ground-Source
Heat Pump (GSHP) systems

lllustrate key: considerations for
GSHP project analysis

Introduce RETScreen® GSHP Project Model

What dorGSHP sy stems proVide?

Heating

Cooling

Hot water:

Sound permafrost foundations
...but also...

Efficiency .
. Stable capacity
Decreased maintenance ) .
Comfort & air quality

Decreased space needs )
) Reduced peak electrical loads for
Low operating costs air conditioning




Earth connection
»  Ground-coupled

»  Groundwater

»  Surface water

Liguid-source heat pump

Interior heating/ cooling
distribution subsystem

»  Conventional ductwork

Liguid=-Source Heat Pump

| RETScREEN" INTERWATIONAL

Water-to-air heat
pump

High-Pressure, Low-Pressare,
High-Temperature Vagour, Low Termperature Vapour

Reverses direction

3.5 to 35 kW of
cooling| per unit

Multiple units for Vigh-Pressure Low-Pressure,
. oy v Low-Temperature Liquid
big buildings

Excess heat following compression provides hot water via
desuperheater

© Ministerof Natural Resou

Types of Earthr Connection

Vertical (GCHP), Horizontal (GCHP)  Groundwater (GWHP)
Rocky ground »  Most land used »  Aquifer+Injection
More expensive » Less expensive » Least expensive
Little land used »  Small buildings Regulations
High efficiency »  Temp. varies Fouling

Also surface water and standing column heat exchangers




GSHP Respurce:
Glound Temperatures

| RETSchzen® InTEmnATI

Ground absorbs about half
ofi sun’s incident energy:

Ground dampens
temperature variation

»  GSHP more efficient

TEMPERATURE

Temperature variation
decreases with depth

» Negligible below 15 m WINTER

Local ground temperatures depend on climate, g
sSnow. cover, slope, soil properties, etc.

Finland, 150 m® House

Initial | Annual | Annual
Costs |Heating| Energy
$8,000 $800 | 20 MWh
$13,000 | $350 |6.5 MWh

Rising energy costs
Environmental concerns
Air conditioning is bonus

USA, 275 m? House
Initial | Annual | Annual |Annual
Costs [Heating[Cooling| Total
$16,000 | $600 $900 | $1,500
$20,500 | $450 $600 | $1,050

Utility subsidy to lower peak air
conditioning loads

© Ministrof Ntural anada 2001 2004

Ground-Seurce Heat Pumip Preject
Considerations

Heat Exchanger Layout,
= Most cost-effective when: A R
Heating and cooling required
Large seasonal variations in temperature
New construction or HVAC replacement

For heating: low electricity costs and high gas & oil
costs

For cooling: high electricity costs and peak load
charges

Availability of trenching and drilling
equipment

Uncertainty t cost of exchanger
installation

Customer’s criteria for cost-effective

er Productions and DOE (NREL PIX)

01~ 2004




Examples: Australia, Germany: and Switzerland
Residentialf Building Systems
| RETscases®

20 kW Groundwater Heat Pump, Germany | _ Drilling Rig for Vertical
= High-end homes > Boreholes, Swiss Residence

Higher capital costs

Longer term view of
cost-effective

Environmental or
comfort benefits

= Utility incentive can
be a significant
factor

Photo Credit: Eberhard & Partne

rsl 2002

Examples: UK and USA
Cemmerciall Bullding Systems

| RETScREEN" INTERWATIONAL

Short payback periods often
required (< 5 yrs)

Land| availability: may’ pose:
problems

Less internall space used
Simple, distributed controls;
Reduced vandalism risk
Reduced peak load charges

Auxiliary heating| not needed

ELPIX)  Photo Credit Inte ‘ound Source Heat
Pump Association

© Ministerof Naural 20

Examples: Canadaand USA
Institutional Building Systems
| RETScusen’
= Longer paybacks accepted
= More open to innovative systems

= Simultaneous heating and cooling
loads

Photo Credit: Natural Res




RETScreen® Ground-Source Heat PUmpp
Preject Viedel
| RETScazEn” inv Ti

World-wide analysisi ofi energy production, life-cycle costs
and greenhouse gas emissions reductions

Horizontal & vertical closed-loop
Groundwater open-loop
Residential, commercial,
institutional & industrial

Currently not covered:

Surface water GSHPs

Long-term thermal imbalances in the
ground

Simultaneous heating & cooling
(block loads only)

Water heating

RENScreen”
ESHPrERErgy Calculation

See e-Textbook

Clean Energy Project Analysis:
RETScreen® Engineering and Cases

Ground Source Heat Pump Project Analysis Chapter

© Ministrof Naual anada 2001 2004

Examplervalidationfoiithe

I TERMATI

Heating Energy use

Energy use compared for
synthesized bins versus Toronto | sereen e
monitored data omren | _RETSereen 36,138
GHX length compared to Monitore 36,022

RETScreen 33,243

61 sizing programs and Winripeg Montored 3292
detailed simulation program Vancower {—RETSECn SLa

WMonitored 39,016

1 vear Design 10 Year Design*

Residence 1 Residence 2 Commercial Residence 1 Residence 2 Commercial
Program Louisiana Wisconsin Nebraska Louisiana Wisconsin Nebraska

Average for other
software

vs. RETScreen 257 | - 135
Descriptive

vs. RETScreen 236 127
Energy Use

vs. Actual 344 160

1 Year Design values used for RETScreen comparison

© Minister of Natral Resour




Conclusions

GSHPs provide heating, cooling & hot water
Ground dampens temp. variations & leads to high GSHP' efficiencies:
GSHP initial costs are higher, but O&M costs are lower
»  Climates requiring heating and cooling are most promising
RETScreen™ estimates:
»  Frequency distribution of outside temperature
»  Building loads as a function of outside temperature

»  Annual space heating and cooling energy benefits

RETScreen® is an annual analysis calculation that can achieve
accuracy comparable to hourly simulation' models

RETScreen® can provide significant preliminary feasibility’ study cost
savings

QUESTIENS?

| RETScmeen" InTe

Ground-Source Heat Pumps Project Analysis Module
RETScreen® International Clean Energy Project Analysis Course

For further information please visit the RETScreen Website at
WM. Fetscereen.net

© Ministerof Nt
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