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CH2M HILL

We Cover the Entire PV Value Chain – “From Sand to Electrons”

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
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• 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: α/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 
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Content:

• Major Manufacturing Trends

• Facility OPEX and CAPEX 

Optimization

• Summary, Conclusion and Outlook
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Goal: Reduce Cost/Wp (CAPEX and OPEX)

• Increase single factory capacity to >1 GW

• Increase cell/module efficiency

• Vertically integrated production

Source: Aleo Solar

General Trends



Cost Roadmap
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Source: Trina Solar Q4 2010 Report Source: DOE, $1/Wp Whitepaper, 2010



Facility CAPEX and OPEX Optimization 
Experience counts.



• In general, it is not a overly complex task to design and build a PV Factory

PV Factory
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• 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



Facility CAPEX / Size Comparison
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Reduced Facility CAPEX – Focus on What Really Matters

20% of the building’s 

components constitute 

80% of the cost
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• 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 

Site Drivers That Affect Construction Cost (and Timeline)
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• Facilitates tight coupling of Owner technology/IP 

with facility, utilities, chemical supply systems

• “Bottoms up” forecast of utility/chemical loads

• Take into account future technologies

• Design in reasonable contingency factors (with AE)

• Ripple effects of under- or over-sizing utilities 

101 for Starting Design and Site Selection: 

Utility Requirements Analysis - Equipment/Line Utility Matrix

Facility Systems

Consumptions Process Equipment 
and Local Abatement Only

Electrical

PCW – Heat Load

UPW

PCW

CDA

N2

H2

He

O2

Ar

Process Vacuum

Waste - Neutralization

Waste - HF

Waste - CMP

Waste - Copper

Waste - Concentrated



• Improved cell efficiencies

– Selective emitter (laser, ion implant, doped Si ink, etch-back, etc.)

– MWT, EWT cell technology

– …

Taking Future Technologies Into Account

IAT070511013718PDX 14

P-Diffusion

P-Glass Etch

PECVD/PVD SiNx:H

Screen-print Front

Screen-print Rear

Co-Firing

Extra Step(s)

Extra Step(s)

Extra Step(s)

Standard processing scheme for 

homogenous emitter solar cells (right) 

and possibilities for extra steps to be 

inserted in a selective emitter approach.

EWT Cell Structure

• Emitter Wrap Through
• Continuous emitter diffused through laser 

drilled vias take current to back of cell

• Thousands of small (<100μm) vias drilled 

through the wafer



CAPEX vs. OPEX
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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)

ü Approx. 10% increase in production/year
ü Manufacturing area is reduced by 25% 



Facility Integrated Material Reclaim Systems
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(future)



Qual & Ramp

Tool Install

Ramp: “Time is Money” 

Integrated Facility Planning and Delivery Approach
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Construction

Project Duration – Traditional Approach:  Design – Bid – Build 

Time Savings 

Design

Extra Revenue 



Conclusions, Summary & Outlook
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Overall Project Integration from an early stage to avoid 

unnecessary cost and delays

Need for an integrated base frame-work for 

design/construction in an early stage of the project: 

üIntegrates all elements of the factory

üIncorporates the factory design concept for effective 

construction; incl. construction estimate

üDetails the strategy to control cost, schedule, quality, 

safety and environmental discharge

üDefines required permits
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Future PV Factory Needs

• System sharing

• Gas/Chemical 
production

• Power Co-Gen

• Water reuse

Flexibility

Scale

Cost Reduction

while minimizing the impact on the environment
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and again : we are only at the beginning…
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Source: Lawrence Livermore National Laboratory



Thank You

Booth Hall A1, A25C

Helfried Weinzerl

Business Development Manager, Solar PV

helfried.weinzerl@ch2m.com

714.651.5205 


