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The Project Scope 
• Integrate a solar power system as an environmentally 11 green11 commercial project 
• Install and monitor Photo Voltaic (PV) Array modules 
• Provide critical process analysis, experienced instrument and control systems expertise 
• Improve power generation efficiencies, product quality, personnel safety & meet 

environmental compliance 
• Provide substantial cost savings to the CLIENT offering a predictable project and 

system performance 
• Provide effective, predictable and competitive specialty & automation engineering 

solutions 

CLIENT Requirements 
• Streamline the implementation of a PV (photovoltaic) array system that will produce 

DC electricity when exposed to sunlight 
• Capitalize on available state and federal rebates offered for solar projects 
• Reorganize the overall schedule to have task run concurrently 
• Develop a financial model that allow savings to pay for the system over time 
• Minimize alteration of the existing building to facilitate the project 

Save $ on electricity costs 





ANY SUSTAINABLE ENERGY 
SOURCE THAT COMES FROM THE 

NATURAL ENVIRONMENT 





Wind 

MECHANICAL ENERGY CONVERTED 
TO ELECTRICITY BY WIND 

TURBINES 
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Power Pl t 

Geott"lennal Resenrolr 

Producl1on 
Well 

Injection 
Weill 

------------------------------

Geothermal 

POWER EXTRACTED FROM HEAT 
STORED IN THE EARTH 





Water 

POWER THAT IS DERIVED FROM 
THE FORCE OR ENERGY OF MOVING 

WATER 





Biomass 

Types of Biomass 

Wood 

Landfi ll Gas 

, 
Crops 

~ 

Garbage 

Alcohol Fuels 

LIVING AND RECENTLY DEAD 
BIOLOGICAL MATERIAL THAT CAN 

BE USED AS FUEL 
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A METHOD FOR GENERATING 
ELECTRICAL POWER BY USING 
SOLAR CELLS IN PV MODULES 
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Renewable Energy Cost Trends 

Photovoltaic 

Levelized cost of energy in constant 2005 $1 
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1These graphs are reflections of historical cost trends NOT precise annual 
historical data. 





Renewable Electricity Technology Cost Trends 
Chart Notes 

Background 

• The Cost Curves are expressed as a band in constant 2005 year dollars 

• Actual project costs can vary substantially based on variables such as: 
· Siting 
· Permitting costs 
• Transmission access 
• Labor costs 
• Financing terms 

• The Future Cost Curves generally reflect how the DOE Renewable Energy 
Programs expect the costs of renewable energy to decrease through: 

• lowered technology costs 
• improved performances 
• R&D eff arts 

• The Cost Curves do not include the effects of tax credits or production 
tax incentives 





TECHNOLOGY SPECIFIC NOTES 

• Solar 
• Improved reflectors and lower-cost designs 
• Improved solar thermal receivers 
• Heat exchangers & fluid handling technologies 
• Run turbines and generators 

• Photovoltaic 
• Increasing penetration of thin-film technology 
• Higher efficiencies 
• Increased reliability (which can reduce module prices) 
• Improved manufacturing processes 
• Lower balance of system costs through technology 

improvements & volume sales 
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The Basics of Solar Power 
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Areas in The World With High Insolation Output 

Global Solar Energy Abundance Map 





USA PV Solar Radiation Map 
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Growth in Global Sales by Energy Source.: Courtesy Shell Oil Co. 





World Top Ten Solar Markets 

• Germany 

• United States 

• Japan 

• Rest of the World 

• Spain 

• China 

• India 

• Italy 

• So.Korea 
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U.S. Solar Companies Are Making Signif icant Cost & Quality 
Improvements To Their Technologies 

U nique U S Sohr Companies Reoeiving Private Investment by 
Technology Area 
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· All of these companies 
are pursing 'grid parity' or 
economic competitiveness 

· Many firms calculate 
'grid parity' with 
approximately 10 c/kWh 
electricity calculated 
over the I if e of the solar 
system 

· The point at which 
photovoltaic electricity is 
equal to or cheaper than 
GRID POWER 

DOE & Many Companies' Investors Believe That Many Of Their Technologies 
Will Reach 'Grid Parity' By 2015 Or Sooner 





Installed System Cost Ranges Have Implications For Level ized Cost of Energy 

Levelized Energy Cost with Current Federal Incentives 
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D Residential Installations 

• Commercial Installations 

· Commercial / utility 
scale PV systems are 
currently economically 
competitive with grid 
electricity prices in many 
areas 

· Both residential and 
commercial systems wi 11 be 
less expensive than grid 
electricity by 2010, 
assuming that the 4.7<;,'o 
annual growth rate 
continues 

Solar market penetration is created by the levelized cost of energy (LCOE) over the lifetime 
of the solar system vs. grid electricity prices and government/utility incentives 
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Technology and business innovation stimulates public 
and private investment, which commences a virtuous 

cycle of market expansion 

· In order to achieve goals; 
solar investors and companies 
must execute and perpetuate 
this cycle 

• Policy supports are only in 
place for a limited duration, 

Positive Feedback for PV 

Expanded Markets 

Private Investment 
and the recent rapid expansion ( 
of investment in solar is 
maximizing the utility of these ,._,__---:----...,._..--. 

Innovation, Business, 
and Policy 

incentives while they last 

• More mature, larger markets 
emerge from the end of the 
early market hyper-growth 
stage 

( 
Manufacturing 

Scale-Up, Product R&D 

-·--·---~ .... ·---
- u• .. •••• .• =-. -.--:-....-•••-

Cost Reduction 





In the next years of the SAI, the DOE's So lar Program wi ll focus on 
achieving price-parity and scale for so lar electricity generation from 

bothPV andCSP 

Photovoltaics (PV} 

Concentrating Solar Power (CSP} 

Distributed Generation, 
on-site or near point of use 





SAVING ANALYSIS for Electric System - Solar Implementation Project 

Pun:ha.se Plii.ce: $3.469.945 
Sy,stem Size: 4!!18~0 k.WAC Generation, 1 .. year.: 

Assumpliilllns 
.Jun-08 fnstillation 

Tax lncenl:iues Apri l e ach year 

Year B eciricity E leetri city Hl: Tax Fed! Tax Fed! Tax Sawings 
Genet"abed saved Credit Cre,:fit Del!"-..:..;.;n 1

) 

200S 4 CJS.572 $122,572 
2009 81 5,1D1 $256.757 $ 1.00D.000 $1,040J l84 $2-06.462 
20110 811 ,028 $268.247 $330.339 
20 11 1 OOB.Q71 $280.251 U98.203 
2[1112 002,Q•38 $292.71n SU B,,922 
20113 7Q8.Q·21 $305J:l9'4 U 18.!822 
20 M 7Q4,Q•:28 $31 Q·,6 83 $69.46'1 
2015 790.{152 $333.8S5 
20116 78B.Q97 $348.828 
20117 783.(16-2 $364,436 
20118 77'Q.147 $380,744 
2019 77'5,251 $31H,783 
2020 77'1.375 $41 5,,583 
202:1 767,518 $434,1S1 
202:2 763,680 $463,6 '110 
2023 76Q,862 $473,.900 
2024 75El ,'06-3 $4!95,1117 
2025 762.282 $517.273 
2026 748,52 1 $540,421 
2027 744,718 $564,600 
2028 741,05.4 $58QJ:l71 
2029 737.349 $61 El.268 
20:30 733,662 $643,846 
2031 U Q,Q94 $67.2,658 
2032 U 6.344 ,,u.i:., ou 
2033 722.7 12 $734,200 
Total 119 ,00Q,055 $11 ,626,0 81 $1.00D.000 $1,040,Q84 SUIG2.309 

1) A.sswmed Federa'l liax Biractel = :35°4 
2) Operamg Coshi al'E Main1En,ance. Monitoring, Oleaning and Repaiirs 

117,..144 !kWh 

BleciJiic Rale 
Blectric Rale Increase 

Opeiram,g lio4ali Savm.gs 

Cost~ 
-$5..037 $117,.534 

-$'1:0 ,075 $2,.194.123 
-$10,377 $008,.209 
-$1!0,688 S467.71B6 
-$'11,00Q, $400,7,05 
-$1 1,33Q• 5413.471 
-$'11 ,67Q, $387.365 
-112,030 1321 ,855 
-$ 12 ,3'90 $336.435 
-$12,762 $351 ,674 
-St3,145 S367,5Q9 
-$13 ,53Q $384,243 
-$'1i3,94B S401 .63S 
-$64,628 S36Q·,,553 
-$114 ,.7Q5 $438,816 
-$1i5,23Q $458,67'1 
-$1i5.6QB $4W,42 1 
-$116 ,.167 $501 ,1,07 
-$16.652 S523.77D 
-$117 .161 $547,454 
-$'1:7.666 $57.2,.206 
-$'1.8.1QB $598,072 
-$1,8.742 1625.1 04· 
-S t:9,.364 $653,354 
-$ 119Jl;B3 l~L,.tiff 

-$2:0.47Q $713,729 
-$422,61.2 $ 114 , 1 /!0 , /C 11 

P ERJ\-1i\C JTY 
T H E S LA R EVO LUTI O 

SD.30 11:Wlil, 
5.10% /year 

Curnula.tiwe MPV 
Sawings @6% 

$117.534 
$2,61 1,662 $7,nB.Q:25 
$3,19 Q1,871 $5,696.413 
$3,667 ,1637 $5,44Q,QM 

$4,008,342 $5, 3tJQ,,;2 :22 
$4,481.819 $5,227.(D71 
$4,84Q,184 $5,127.2U 
$5.171.1039 $5,007.4S5 
$5,007,475 $5,04Q,.679 
$5,85Q,148 $5,01'1:l.22:5 
$6,226,748 $4,965,6 25 
$6.61 0,Q91 $4,3'95,,857 
$7 ..012.1629 $4,005~366 
$7.382.1fl.2 $4,6Q.2.(D49 
$7J1,'.20:Q97 $4,604,0 19 
:58.27'Q,_,5e3 $4,441,4-46 
$8.7§Q,.,OS9 $4,24Q,260 
$9,260, 1 Q6 $4,024,700 
$9.7B3:Q86 $3,765,176 

$110.331,419 $3,467,317 
$'110,.003,B:25 $3,127~QD2 
$111.501 .697 $2,74 3,370 
$112.12 6,802 $2,3CIQ,QOO 
S 112.780, 156 $1 ,823,390 
$ 113.'1e3,'U3;i $1,zni·,439 

$114.UB,761 $673,329 
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10 years 22.1% 
16 years, 24.7% 
2D VE!lilifS 25.4% 
2-!i years 25.6% 
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Systems Engineering Value To the Client 

· Standard Work Work must be standardized to eliminate variability 
in time and quality 

· Single Piece Flow: Establish flow of product proceeding one at a 
time through all operations 

· Level Scheduling. Scheduling of orders into a repetitive sequence to 
smooth order variation 

· Cycle Time: Use of cycle time and lead time tools to increase 
throughput 

· Process Improvement: reduce the # of process steps, WIP time, 
lead time strive to do it right the first time 

· Flow: Have the product move along without stoppages, 
interruptions, or backf lows 

· Pull: Design, schedule and make exactly what CLIENT wants exactly 
when they want it 

· Takt Time: Establish the pace of production needed to meet 
customer demand (panel installation) 

· JIT (Just In Time): providing project supplies as the name suggests 
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Solar Implementation Project Goal 
- Start near current comparable utility rates 
- Provide a competitive alternative against rising energy rates 

0 Identify the comparable utility rate for pricing purposes (peak rates 
and demand charges) 

~ Fully Utilize 
· The California Solar Initiative Rebate - $ 0.39/kWh for 5 years 

· Federal Investment Tax Credit 

· Accelerated Depreciation 

Solar vs Utility Rate Comparison 

$0.450 

$0.400 Savings 
$0.350 

$0.300 

$0.250 

$0.200 

$0.150 

$0.100 

1 2 3 4 5 6 7 8 9 1 0 11 12 1 3 14 1 5 16 1 7 18 1 9 20 

Year 

I - Solar Rate - Utility Rate I 





SYSTEM INTERFACE DESCRIPTION 

SYSTEM, COMPONENT INTERFACES & INTERCONNECTIONS 
_ .. ,. ...... -......... . 
.... ,...,,..,,..,..,,.~ ·uu~ .. 
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Six Sigma Approach 
Committed Leadership 

Integration with top 
level strategy 

Business process 
framework 

Projects produce real 
savings or revenue 

Full time six sigma 
team leaders 

Customer & market 
intelligence network 

Incentives for al I 





PROJECT SCHEDULE MILESTONES Commissioning & 
System Start-up 

Permitting & 
Construction 

Confirm Design & 
Schedule CLIENT 

System 
Project Approval 

Process 

Sign Project agreement 
with Customer 

Submit Application for 
Rebate 

Developer/Installer draws 
full design 

Site Survey and obtain letter 
of intent from customer 

Acceptance 

L_::1:.....:..:.m:..=.o.:..:.nt.:..:.h_:_ ______ 2_m_o_n_t_h_s ______ 3_m_o_nt_h_s _________ ~ 

System Engineering and Integration Processes are 
Implemented at All Levels on this project 
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Planning 

Project 
Lifecycle 

Operations & 
Maintenance 





Production 

PV Product Life Cycle 

Distribution 

Recycling Collection 

SCHOT 
sol,ar 

> 25 years 
Energy 

Generati:o n 

Al~A 

PV CYCLE 





Transfer of Panels From 
Storage To The Roof 

Delivery & On Site Storage of 
Solar Panels 





Layout of Roof Prior 
To Installation 

Solar Panel -
Installation 





Inverter / Transformer Installation 

PV I Utility Connections 





PV Combiner Array 
Disconnect Installation 

Monitoring System Installation 

-~ ·__.: __ 
----· 





Connecting To The "GRID" 

Proper use of PPE For Connection 
To The Existing Utility 

-~-~---------~-------------------





PV Array Complete & In Place 

Cable Tray Complete & In Place 
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PRO's 

v' Increase Real Estate Net Value 

v' Independent Power Generation 

v' Virtually Maintenance Free 

v' Protection From Energy Rate Increases 

v' 20 - 25 Year Performance Warranty 

v' Grid Tie System - Eliminates Battery Requirement 

v' Code Comp I iant, Professionally Engineered & Installed 

v' Hands Free, Automated Seamless Operation 

v' Environmentally Safe 





CON's 

,/ Initial Investment Is Higher Than That Required For Conventional 
Electricity 

,/ Efficiency Depends On The Numbers Of Hours Of Solar Light 
Available , Less Sunlight= Less Power 

,/ Large surface areas are required to lay out panels 

,/ The Manufacturing Process Requires Large Amounts Of Energy 

,/ Global Dimming - caused by pollutants building up in the air and 
contaminating it, affects the effectiveness of PV Solar 





Keys To Project Success 

};;> Keep it simple 

};;> Hire licensed, insured Solar specialist 

};;> Understand system avai la bi I ity 

};;> Be realistic about your load 

};;> Learn local weather and seasonal shading conditio·ns 

};;> Know what hardware is available and at what cost 

};;> Know the installation site before designing the system 

};;> Plan periodic maintenance 

};;> Perform a thorough economic analysis 





Project Highlights To Date 

};> (9) CLIENT Stores have been completed and are up and running 

};> (5) CLIENT Stores are currently being worked on 

};> (8) CLIENT Stores are projected to be completed by year end 

};> CLIENT confirmed monthly savings of $20,000 - $30,000 

};> CLIENT interest in combining current system with Gas Generator 

};> GE Electric Proposal for 1.2 MW system being worked on 

};> BP Solar Proposal for ( 4) 600 KW systems being worked on 

};> Samsung Proposal for (3) 500 KW systems being worked on 

};> Over 30,000 MH worked for Eng/PM and Construction 





COMMENTS / QUESTIONS 

THE ONLY SUSTAINABLE ENERGY SOURCE TO SECURE 
"RETURN ON INVESTMENT"IU 




