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m Agenda

e 3D Visualization

e Project Description
 Methodology

e Technical Assessment
e Financial Implications
« Economic Assessment
* Project Implementation

e Conclusions
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m Introduction

-“15 de Septiembre” 14.2 MW
_ GuajOyO” 36 MW
- Funded by KfW

-Client CEL (Comision Ejecutiva Hidroelectrica del Rio Lempa)
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m Results Conceptual Plant Design 15 de Septiembre

: * Installed power 14.2 MW
» Module tilt of 12°

* 60,480 x Module 235 W
» 840 x Inverter 15 kW

1 » ~10,500 piles
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: *Performance Ratio 78.5%

| *Specific Yield 1,615 kWh/kW
| Area 240,000 m?2:

: 32 soccer / 45 football fields

|
I area of Champ de Mars, Paris
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m Results Conceptual Plant Design Guajoyo

: * Installed power 3.6 MW
' + Module tilt of 12°

: « 15,552 x Module 235 W
» 216 x Inverter 15 kW

» ~3,000 piles
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Performance Ratio 80.8%
*Specific Yield 1,605 kWh/kW
: *Area 61,000 mz2;

: 8 soccer / 11 football fields

: footprint of Cheops pyramid
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Potentials

Rapidly evolving
technologies
Favorable political and
societal conditions
Secure revenue
structures

Sustainable investments

Low-emission

High operational safety

' How can the potential electricity generation of the sites in El Salvador
I be maximized, and technical and legal framework risks be minimized?

* Project reliability

e Changing political and
economic market
conditions

* Availability of renewable
energy sources
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m Methodology Techno-Economic Feasibility Study

Technical Assessment

Site Assessment Technology Assessment Permitting process

* Geotechnical-
* Environmental-
* Social-

* Climatic aspects

* PV Module Selection
* Inverter Concepts
* O&M Requirements

« Validation of grid
connection
* Legal Framework Report

2 . 4

Technical Design

Financial Implications

Evaluation of
CDM Revenues

* Feed-in tariff

« Demand analysis

Evaluation revenueand Assessment capital Financing Plan and
operating expenditures expenditures Structure

 Co-operation with
international financing
Institutions

* Investment costs incl.
decommissioning

analysis




Objective Site Assessment
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Technical Assessment

m Site Assessment

1. Meteorological data

2. Terrain usability

3. Area accessibility
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Technical Assessment

m Irradiation El Salvador
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Guajoyo

15 de.Septiembre

Leyenda

* Esmciones Modelo de Semivariograma
anual_rad 0.103 B4 "Expon e § 853772 j+0"Nugget
KWhim2idia Average Standard Eror: 0.3005
B 0 add Samples: 220f 22
B css-488 ML L Kiometers
B iss-asz 0 0 N 40 L] 80
I 493 -5.18 de Proy *HEE?" fo

de Lambart, Datum , Elipsaide
Cs07-540 e clarke de 1866

Tamaha del grid 250 m

Mapa de Radiacion Solar
Promedio Anual - El Salvador

A e

El Py ==

S/W vyield verification:

PV Sol, PV Syst, Insel, ILF inho

Solar Data resources:

-local rooftop pl
-local meas



Case Study of a 20 MW PV Power Plant in El Salvador 14 3
Technical Assessment CONSULTING

ENGINEERS

m Site Evaluation

Resulting area 15 de Septiembre Resulting area Guajoyo
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m Environmental and Social Evaluation

eldentification of sensitive environmental and social features

eConsideration of impacts
*Site preparation
« Construction
*Operation
*De-commissioning

*Development of mitigation measures
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m Technoloqgy Selection

Objective of Technology Assessment

sldentification of potential technological solutions

eEvaluation of the following technical components :

1. PV Modules

T "ﬁ;"fj"t—' e\

3. Inverter Concept

On. "'|
e
-mm.- 56320 Canadian Sofar Inc. 1 ¢ SMA, Solar Technology A5 XX
[56P-2358 735 W Sunny Central 50 1250 MY-11
128%22 307 e Gl rasoouw m
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I 2. Mounting Structure and Foundations :
! |
I |
I |
I |
I |
I |
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|
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m Module Selection
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Technical Assessment

Thin Film Technology
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Description Crystalline Technology

Module Amorphous Cadmium i )

» i i Monocrystalline Polycrystalline
Technology Silicon a-Si Telluride CdTe
Total Number of

10,020 12,528 4,008 4,008
Modules / MW
Module Area / MW 14,329 m?2 9,020 m? 6,447 m? 6,447 m?
Total Area 19ha-3.1ha 1.3ha-2.2ha 0.8ha-15ha 0.8ha-1.5ha
Max Power El

0.5 MW 0.75 MW 1.25 MW 1.25 MW
Salvador / ha
Yield / Year Fkkx 1,528 kWh/kW 1,419 kWh/kW 1,420 kWh/kW
PR Frkx 79.8 % 74.1 % 74.2 %
Turnkey Price in 2,300 € - 2,300 € - 2,500 € - 2,300 € -
Euro per kW 2,600 € 2,600 € 2,800 € 2,600 €

Result: Poly-crystalline
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m Technoloqgy Selection

2. Objective Mounting Structure

: *Elaboration of cost and time efficient adequate

|
! sIdentification of geological requirements

I
I
I . '
| mountlng structure :
I
I

*15 de Septiembre: :

: —>Pile driven foundations sometimes pre-drilling required :
i *Guajoyo: i
I" > Pile driven foundations often pre-drilling required :
I
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m Technoloqgy Selection

3. Objective Inverter Concept

- No on-site maintenance services required

—~>Maintenance for central inverter concept are
not available in El Salvador

- Less operation costs
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m Operation & Maintenance

Status Operation & Maintenance

: Extremely low O&M

| No rotating equipment

- O&M Concept

|

|

|

| . .

1 * 24 h security service

I « Cleaning of modules

: » Maintenance main components

| * Maintenance low and medium voltage system
: * Visual inspection
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m Permitting Process

Results of Legal Framework

— Environmental Permit Process

— City Hall Permit Dialogue with
Authorities

— Working Establishment regulation
 Connection to Grid

« Contract and Pricing

» Tax Benefits
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m Financial Analysis:

Irradiation/ Net Generation

CAPEX/ Investment

Levelized Electricity Cost

CER Certificates

Debt Service Coverage Ratio

Start of operation

Net Present Value

Operation period/ Project

Lifetime

Avoided Emissions

Financing/ Funding Structure

} Financial Rate of Return

OPEX \
Electricity Tariff §
—

—_

—>

/

/

Expansion Plan
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m Financial Analysis:

Irradiation/ Net Generation; 9,878 MWh/a
CAPEX/ Investment; 17,950 TEUR
OPEX; 205,87 TEUR/a

Cost-based vs. Market regulated Tariff

CER Certificates; 12 EUR/ t
Start of operation; 2012
Operation period; 25 years

Avoided Emissions:

KfW Funding/ CEL Equity

Potential Ext. Steps
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3.6 MW

m Cost Estimation

15 de Septiembre 15 de Septiembre
Initial Extension

6.1 MW 8.1 MW

I | | |
I | ) )
: Modules | 8,612.68 | 11,485.24 : 5,169.11 '
|
| Inverter i 1,375.00 , 1,825.00 : 822.50
| Civil material and . : :
! . - 760.00 , 207.00 . 459.75
: construction | | !
|
| Electrical Material i 3,894.80 : 4,832.90 ' 2,394.13
: Grid connection i 717.50 : : 567.50
I . . . \
I Engineering, tendering, : 840.00 I 655.00 460.00
| site supervision | ' : ' '
|
: Insurances : 81.00 : 95.03 49.36
| I !
|

Contingencies 1,628.10 992.24

1,910.02
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Economic Analysis

:  Quantification of costs and opportunity

: cost of compared to conventional thermal
I power generation

| *Focus is on a macro-economic and

: national level

1 »Costs and Benefits adjusted to market

: structure and government intervention

sEconomic Rate of Return

-TTTT7A

[
[
[
*Benefit — Cost Ratio i
[
[

*CO2- Avoiding Costs

Financial Analysis

«Focus on interest of shareholders of !
the project infrastructure

» Application of market prices, exertion of
factors i.e. inflation and taxes

* Application of Funding Scenarios

- ———

| «Internal Rate of Return (IRR)
! «Net Present Value (NPV)
*Levelized Energy Cost (LEC)
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m Impact Parameters on Economic Ratios

Irradiation/ Net Generation

CAPEX/ Investment

OPEX

Avoided Energy Input

CO2 Avoiding Costs

Avoided CO2 Emissions

Amount of Avoided Emissions

Diesel Price

Cost Benefit Ratio

Operation period/ Project

Lifetime

} Economic Rate of Return

Local Market Distortions
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m Impact Parameters on Economic Ratios

Irradiation/ Net Generation; 9,878 MWh/a

Cost Benefit Ratio:

Operation period/ Project Lifetime; 25 years

CAPEX/ Investment; 26,083 TUSD \
OPEX; 297 TUSD \
ERR:
Avoided Energy Input; 2,069.4 TUSD
gy Inp -
CO2 Avoid. Costs:
Avoided CO2 Emissions; 7,083t CO2/a —_>
Avoided Emissions:
Diesel Price; 718.13 USD/t .
2

Grid Emission Factor El Salvador; 0.717 t CO2/
MWh
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Objective + E‘T_ T

TS T T T T T e T e T =" el
: *Elaboration of project time “initial phase” | = ==

: e|dentification of milestones

1 *Initial project phase >19 months

|

I *Tender phase > 9 months

|

I eConstruction phase > 10 months

r
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m Recommendations

I sCommunication of PV Technology
-> Presentation Workshop with Local Authorities
-> Project Visualization
eSourcing Strategy
* Local Content -> Assessment of Local Capacities
* Knowledge Transfer -> Training
» Technology Selection -> Consideration of Local Skills
* Make projects attractive to int. EPCs
*Reliable Tariff System for RE must be established

for project lifecycle
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Contact Details:

Fred Wendt
Business Area Director Electric Power Systems

Werner-Eckert-Str. 7
81829 Munich / Germany

Tel.: ++49/89/255594 -232
Mobile: ++ 49 /176 /17117 - 232
Fax: ++49/89/255594 - 144
Webpage: http://www.ilf.com
mailto:Fred.Wendt@ilf.com
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