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CH2M HILL
We Cover the Entire PV Value Chain — “From Sand to Electrons”
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Global Leader in Full-Service Engineering, Procurement,
Construction and Operations for Public and Private Clients

2010: $6.3 Billion Revenue ¢« 23,000 Employees « Employee Owned
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Track Record in Solar PV Industry

* More Than 10 Years in Design/Build of Solar
PV Manufacturing Plants

— Regions: North America, Greater China, Europe,
SE Asia, India, MENA, Australia

— Technologies:
» Si: Polysilicon — Ingot, Wafer, Cell, Module
* Thin Film: a/mc-Si, CdTe, CIGS

— Design, Construction, EPC

* Planning & Consulting Services:
— Site Selection
— Environmental Permitting
— Market Analysis
— Business and Regional Strategic Planning
— Economic Development
— Owners Engineer
— Sustainability Engineering
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Reducing Manufacturing Cost/Wp through smart and forward-
thinking Factory Planning, Design and Construction

Content:

* Major Manufacturing Trends

» Facility OPEX and CAPEX
Optimization

« Summary, Conclusion and Outlook
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General Trends

Goal: Reduce Cost/Wp (CAPEX and OPEX)
* Increase single factory capacity to >1 GW
* Increase cell/module efficiency

» Vertically integrated production
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¢-Si Module Manufacturing Costs:
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Facility CAPEX and OPEX Optimization

Experience counts.



PV Factory

 Ingeneral,itis not a overly complex task to design and build a PV Factory
« What makes it complex and challenging is

— Time Pressure

— Ever increasing factory sizes

— Ever changing/advancing manufacturing technology

— Highest yield/uptime requirements vs. CAPEX constraints

« But, still many low hanging fruits to reduce facility CAPEX and OPEX while
ensuring a fast ramp

Architectural
and Structural

Fire Protection and .
Life Safety Systems Bulk Gas and Chemical Industrial Water
i Storage/Distribution Distribution

Electrical Substation, Power
Distribution and UPS A/ - Air Handling and \ Recycling Systems
/ Cleanroom Management \ and Redistribution i
< Ultra Pure Water
Instrumentation, Controls Process Drain and Processing and Distribution
and Telecom Systems Abatement Systems X Vacuum and CDA
Waste Water Collection
and Treatment

Process Exhaust

|| Power, Communications, Control Slurry/Solvent Processing
and Distribution
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Facility CAPEX / Size Comparison

Crystalline
Ingot/Wafer/
Cell/Module

FACILITY COST / MW
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FACILITY SIZE / MW /
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Reduced Facility CAPEX — Focus on What Really Matters
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Site Drivers That Affect Construction Cost (and Timeline)

ed States of
Unit ey

« Seismic zone
« Wind force

» Soil bearing conditions

» Topography

* Ambient air temperature and humidity
* Flood levels

» Environmental permitting process

* Environmental wetlands

« Parking requirements

» Discharge limits

» Local building codes and zoning

» On-site or near-site utility infrastructure

P sed Extension of
N EE . .
= Eoglonal Connector

Cerro Centinela

-__
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CAPEX Reduction Through Competitive Site Selection Process
State Incentives: Example Comparison of 11 States

Net Incentives Sorted (MUSD)

Boston, MA
Silicon Valley, CA

$700 - -
© CH2M HILL 2011

. — ,— Portland, OR
Albany, NY

m Estimated Net Incentives ™ Estimated Reductions 1

$600

Albuquerque, NM

$500
Austin, TX

$400

$300

- I I I - I I I
$100 $205 . 171 $168
$137
$108 uul $99 $92 Il $87 $84
$38

$15
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101 for Starting Design and Site Selection:

Utility Requirements Analysis - Equipment/Line Utility Matrix
* Facilitates tight coupling of Owner technology/IP Consumptions Process Equipment

with facility, utilities, chemical supply systems and Local Abatement Only
Electrical

PCW - Heat Load

» “Bottoms up” forecast of utility/chemical loads UPW

PCW

CDA

N>

H>

» Design in reasonable contingency factors (with AE) He

O,

Ar

Process Vacuum
Waste - Neutralization
Waste - HF

Waste - CMP

Waste - Copper
Waste - Concentrated

» Take into account future technologies

* Ripple effects of under- or over-sizing utilities
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Taking Future Technologies Into Account

* Improved cell efficiencies
— Selective emitter (laser, ion implant, doped Si ink, etch-back, etc.)
— MWT, EWT cell technology

EWT Cell Structure Extra Step(s)

n* diffusion

P-Diffusion

Extra Step(s)

P-Glass Etch
PECVD/PVD SiN,:H

Screen-print Front

= : Screen-print Rear
Positive Diffusion ViaHoles Negative Va

Co-Firing
Grid Barrier Grid Holes
. Erg'ttt?r Wrap ,;'t_hr(ﬁ#gr(‘“h N Standard processing scheme for
« Continuous emitter diffused through laser - .
drilled vias take current to back of cell homogen_mjl? _emltter solar cells (”ght)
» Thousands of small (<100um) vias drilled and possibilities for extra steps to be
through the wafer inserted in a selective emitter approach.
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CAPEX vs. OPEX

40

20

OPERATIONAL EXPENDITURES

THROUGHPUT MODULE POWER

(yield * uptime * UPH) * (efficiency * unit size)
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Layout / Material Handling Optimization

* Baseline Model
— slowest tool in the line running at a TAKT of 38sec/panel
— Simulation output results: 2.8M panel/yr

* Improved Layout
— 3.1M panel/yr at 38 sec. (based on same process tool count)

U  Approx. 10% increase in production/year
U Manufacturing area is reduced by 25%
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Facility Integrated Material Reclaim Systems
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Ramp: “Time is Money”
Integrated Facility Planning and Delivery Approach

Tool Install _ _
Time Savings

Qual & Ramp

Project Duration — Traditional Approach: Design — Bid — Build
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Conclusions, Summary & Outlook



Overall Project Integration from an early stage to avoid
unnecessary cost and delays

Early decision making can lead to improved cost and schedule management
| |

Ability to
Change Design

Cost to
Change Design

| Time |

Need for an integrated base frame-work for
design/construction in an early stage of the project:

U Integrates all elements of the factory

U Incorporates the factory design concept for effective
construction; incl. construction estimate

U Details the strategy to control cost, schedule, quality,
safety and environmental discharge

U Defines required permits
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Basis of Design

Business Functional
Planning Definition
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Statement of Manufacturing

Plan of Record

Owner
Requirements

LEGEND

[ Design Scope

[[] Owner Scope, AE Assistance
[ ] Owner Scope

[ 1 Factory Building Construction
[ ] AESpecialty Scope
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Future PV Factory Needs

Cost Reduction

Flexibility

while minimizing the impact on the environment
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and again : we are only at the beginning...

Estimated U.S. Energy Use in 2009: ~94.6 Quads

Net Electricity
Imports

Solar 0.01 (b}
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Source: Lawrence Livermore National Laboratory
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