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Safe Harbor Statement 
This presentation contains forward-looking statements within the meaning of the Private Securities litigation Reform Act of 1995.  Forward-looking 
statements are statements that do not represent historical facts and may be based on underlying assumptions. SunPower uses words and phrases 
such as “may,” “will,” “should,” “could,” “would,” “expect,” “plan,” “anticipate,” “believe,” “estimate,” “predict,” “potential,” “continue,” “guided” and 
similar words and phrases to identify forward-looking statements in this presentation, including forward-looking statements regarding: (a) plans and 
expectations regarding future financial results, operating results, liquidity, cash flows, capital expenditure and business strategies, (b) management’s 
plans and objectives for future operations, (c) the company’s  projected costs, drivers of cost reduction and cost reduction roadmap,  (d) forecasted 
demand growth in the solar industry, and projected bookings and pipelines, (e) project construction, completion, ability to obtain financing, sale and 
revenue recognition timing, (f) growth in dealer partners, (g) product development, advantages of new products, and competitive positioning, (h) 
manufacturing ramp plan,  scalability and expected savings, (i) future solar and traditional electricity rates and cost savings of SunPower systems, (j) 
trends and growth in the solar industry, and (k) the success and benefits of our joint ventures, acquisitions and partnerships.  Such forward-looking 
statements are based on information available to SunPower as of the date of this presentation and involve a number of risks and uncertainties, some 
beyond SunPower’s control, that could cause actual results to differ materially from those anticipated by these forward-looking statements, including 
risks and uncertainties such as (i) ability to achieve the expected benefits from our relationship with Total; (ii) the impact of regulatory changes and 
the continuation of governmental and related economic incentives promoting the use of solar power, and the impact of such changes on revenues, 
financial results, and any potential impairments to intangible assets, project assets, and goodwill; (iii) increasing competition in the industry and lower 
average selling prices, and any revaluation of inventory as a result of decreasing ASP or reduced demand; (iv) ability to obtain and maintain an 
adequate supply of raw materials, components, and solar panels, as well as the price it pays for such items; (v) general business and economic 
conditions, including seasonality of the solar industry and growth trends in the solar industry; (vi) ability to revise its portfolio allocation geographically 
and across downstream channels to respond to regulatory changes; (vii) ability to increase or sustain its growth rate; (viii) construction difficulties or 
potential delays, including obtaining land use rights, permits, license, other governmental approvals, and transmission access and upgrades, and 
any litigation relating thereto; (ix) ability to meet all conditions for obtaining the DOE loan guarantee and any litigation relating to the CVSR project; 
(x) the significant investment required to construct power plants and ability to sell or otherwise monetize power plants; (xi) fluctuations in operating 
results and its unpredictability, especially revenues from the UPP segment or in response to regulatory changes; (xii) the availability of financing 
arrangements for projects and customers; (xiii) potential difficulties associated with operating the joint venture with AUO and achieving the 
anticipated synergies and manufacturing benefits; (xiv) ability to remain competitive in its product offering, obtain premium pricing while continuing to 
reduce costs and achieve lower targeted cost per watt; (xv) liquidity, substantial indebtedness, and its ability to obtain additional financing; (xvi) 
manufacturing difficulties that could arise; (xvii) the success of research and development efforts and the acceptance of new products and services; 
(xviii) ability to protect its intellectual property; (xix) exposure to foreign exchange, credit and interest rate risk; (xx) possible impairment of goodwill; 
(xxi) possible consolidation of the joint venture AUO SunPower; and (xxii) other risks described in SunPower’s Annual Report on Form 10-K for the 
year ended January 2, 2011, Quarterly Reports on Form 10-Q for the quarters ended July 3, 2011 and other filings with the Securities and Exchange 
Commission.  These forward-looking statements should not be relied upon as representing SunPower’s views as of any subsequent date, and 
SunPower is under no obligation to, and expressly disclaims any responsibility to, update or alter its forward-looking statements, whether as a result 
of new information, future events or otherwise.  
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World-leading solar conversion efficiency 
 
>2 GW solar PV deployed by year-end 

More than 180 patents, 5,000+ employees 

HQ- California w East Regional HQ in Trenton 
NJ 

Diversified portfolio: roofs to power plants >875 MW guided 2011 cell production 
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INTERCONNECTION AND GRID INTEGRATION 
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Issue Distribution System Concerns 
Sub-hourly Variability Voltage control, equipment cycling, flicker. 

Distributed Generation Voltage rise / profile, reverse power flow. 

Fault Behavior Short-circuit contribution, unintentional islanding, 
“sympathetic” tripping. 

Monitoring, Real & Reactive Power Control Situational awareness, system management 



© 2011 SunPower Corporation 
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6 

Timeframe System 
Impacts 

Local grid 
Impacts 

Short term 
Seconds to Minutes 

Regulation Voltage 
Fluctuation 

Mid term 
10’s of Minutes to 
Hours 

Load 
Following 

Voltage 
Profile 

Longer term 
Hours to Days 

Scheduling 

M. Milligan, NREL 
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•  With many smaller systems spread out across a 
distribution circuit, short duration variability is unlikely to 
cause issues even at high penetration because no one 
system can significantly impact voltage, and variability is 
uncorrelated.   
 

•  For single, relatively large (high penetration) systems, 
particularly in a high impedance location on the circuit, 
output variability can be an issue on the timeframe of 
minutes. 
 

•  Voltage can experience large fluctuations. 
 
•   This can trigger undesirable control behaviors (frequent LTC, 
cap bank switching). 
 

•  However for larger single systems, diversity within the 
plant appears to smooth very short duration fluctuations 
(over a few seconds) which are seen in irradiance data – no 
evidence of flicker issues due to variable cloud conditions. 
 

•  Significant reductions in variability at <= 1-minute 
timeframe are seen within PV systems of 10+ MW. 

*1 MW system, single day, no context given on feeder configuration, 
penetration relative to load, or frequency of occurrence. 

Plots from recent SDG&E testimony on high 
penetration DGPV deployment highlight 
utility concerns about voltage control*. 

Example of observed reduction in variability within a 
10 MW-class PV system on a 1-min basis. 
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Numerous studies indicate that integration of high penetration of PV onto 
distribution circuits is feasible without major system upgrades. 

Location Description Penetration Notes 

Ota City, Japan 
(2003) 

550 Sites / 2 MW 
residential, one circuit 

Not Reported Residential energy storage 
evaluated and removed; no issues 
reported post-removal. 

Freiburg, 
Germany (2006) 

70 Sites / 440 kW multi-unit 
residential 

110% on capacity (400 
kVA XFR) 

Minimal, correctable issues 
reported (phase imbalance) 

Kona, HI (2009) 700 kWac commercial 35% on capacity (2 
MVA feeder), backfeed 
up to 30% in low load 

No issues reported 

Lanai, HI (2009) 600 kWac commercial (1.2 
MW system, brought online 
incrementally) 

~12% on capacity, 
~25% in low load, 
weak island system 

No issues reported. 

Anatolia, CA 
(2009) 

115 Sites / 238 kW 
residential 

4% on capacity,  
13% low load 

No issues reported, PV variability 
less than AC cycling variability. 

Las Vegas, NV 
(2008) 

> 10 MW commercial, 35 
kV interconnection 

~ 50% on capacity, 
~100% low load 

No issues reported 

Atlantic City, NJ 
(2009) 

1.9 MW commercial, 23 kV 
interconnection 

~24% on capacity, 
~63% low load 

No issues reported 

© 2011 SunPower Corporation 
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•  Concern that DG may cause an unintentional island within the distribution system motivates  anti-
islanding requirements 
 

•  PV system anti-islanding proven to be very effective at getting systems offline quickly in the case of 
a distribution circuit fault 
 

•  In high penetration scenarios, you do not want to clear DG suddenly if there is a system-wide fault.  
Examples:  Voltage depression due to transmission system  instability, “50.2 Hz problem”. 
 

•  PV systems can be programmed to behave as desired, including low-voltage ride through & 
frequency responsive droop.  Capabilities have been implemented commercially in Germany, at utility 
scale plants, and in island micro-grids. 
 

•  US regulatory standards do not comprehend high penetration DG; updates to allow / require 
desired behavior are in process 
 

•  Related issue – 15% SGIP “study screen” a barrier in many cases, originally based on 
concern about anti-islanding failing at higher penetration - not borne out in practice 
 

•  Up to15% often viewed as a conservative “no further study needed” penetration - purely anecdotal.  
However some continue to erroneously assert 15% is an “upper limit” 
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•  Voltage rise & impact on voltage profile, reverse power flow 
 

•  In general has not been a problem, but can limit installs in some cases (i.e. long rural feeders) 
•  Distribution system in Germany more modern than much of US (bidirectional relaying is the norm) 
•  System upgrades in the US will definitely facilitate more PV – but needed regardless of PV 

 
•  Visibility and Control 
 

•  Monitoring and real / reactive power control of large systems (10 MW+) generally provided (SCADA) 
•  Lack of visibility, control of smaller DG generation is a significant concern 
•  German TSOs use regional level estimates and forecasts of PV generation (4-5% RMSE) 
•  German TSOs also will have basic curtailment control via low-cost infrastructure (ripple control) 
•  Spain now requires telemetry from larger systems to TSO; also forecasts PV 
•   Neither German or Spanish DSOs have real-time visibility 
•   US approach is a work in progress: 

•  Perception of a need for data from all PV systems into dist. ops. from some US utilities 
•  Utility SCADA comms to mid-size systems (100’s of kW) extremely expensive, not scalable 
•  “Gating” high penetration PV by rollout of SG comms will likely be a barrier 
•  Discussion in US must mature – what data is needed, what resolution (time / space), when 
(ops vs. planning) 



© 2011 SunPower Corporation 

Summary (continued) 

11 

•  Unintentional islanding, Short circuit contribution 
 

• Unintentional islanding often a significant worry for utilities in US, but not in Europe 
•  European studies and experience indicate that risk is extremely low. 
•  US perceptions are often not well informed. 
 

• Short circuit contribution has not been a problem to date but often a discussion point in technical circles. 
 
•  “Sympathetic” tripping of DG 
 

•  Need for DG to trip on local fault but ride through transmission fault. 
•  Unlikely to be an issue until high penetration (one study showed an issue at ~20% of system energy) 
•  Germany preparing  for high pen by requirement of voltage and frequency ride-through for DG. 
•  Expect similar Europe-wide requirements from ENTSO-E. 
•  NERC (IVGTF) and IEEE 1547.8 committee addressing this by developing standard. 
 

•  Fault Behavior of Large Plants 
 

•  Requirements for large PV plants follow from current wind and conventional  plant requirements. 
•  EU was burned by lack of wind requirements, leading to difficult recovery from 2006 UCTE breakup. 
•  No technical barrier to meeting requirements (e.g. voltage / frequency ride through) 
•  One issue (particularly in US) is lack of standards or test protocols for non-DG PV inverters / plants. 
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•  Local impacts of PV variability on the distribution 
system do not appear to be a significant issue in 
general, and can be managed with advanced 
controls if needed. 
 

•  Penetration of VERs up to ~20-30% of energy 
has been shown to be manageable, with current 
technology and generation mix, in multiple recent 
in-depth studies.   
 

•  Accurate forecasts; flexibility (flexible generation, 
energy storage, demand response); operation 
strategies; transmission; and changes to markets 
& policies will all reduce integration costs now and 
may be necessary to achieve VER penetrations 
beyond ~ 30% without excessive curtailment. 

•  The combination of storage 
and PV to provide added value 
to the customer appears 
promising.  Technical and 
economic validation is in 
progress. 
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•  Significant amounts of high penetration (>100% of 
minimum load), distributed PV generation have been 
successfully integrated worldwide. 
 
•  Geographical diversity substantially mitigates short 
duration variability, even within the footprint of a given 
feeder. 
 

•  Many often discussed concerns such as voltage 
fluctuation, failure of anti-islanding, and unacceptable 
harmonic contribution have not emerged in practice. 
 

•   Experience in Germany and Spain suggests that mid-
term goals (e.g. 33% RPS in CA by 2020), even with PV 
predominately deployed as DG, is readily achievable 
with no significant technical barriers. 
 

•   Functionality similar to that 
required by German MV directive, 
applied to all PV systems, is 
expected to be adequate to meet 
much higher penetration levels in 
Germany moving forward. 
 

•  European studies indicate that 
reactive power control of DGPV 
significantly increases the ability of a 
circuit to accommodate PV without 
requiring other upgrades. 
 

•   Distribution system upgrades to 
current state of the art will 
substantially increase allowable 
penetration levels, benefit many 
stakeholders including utilities and all 
their customers. 
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 Updating Interconnection Screens for PV System 
Integration 
 
Michael Coddington, Benjamin Kroposki, Barry Mather – NREL 
Kevin Lynn, Alvin Razon – DOE 
Abraham Ellis, Roger Hill – Sandia National Labs 
Tom Key, Kristen Nicole, Jeff Smith – EPRI 
Technical Report  

NREL/TP-5500-54063  
January 2012  

CURRENT BEST PRACTICES- INTERCONNECTION 

Hawaii Rule 14H 
California Rule 21 (pending) 
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VALUING EXPORTED ENERGY 
FROM DISTRIBUTED SOLAR 

GENERATORS 

NET METERING AND BEYOND 



© 2012 SunPower Corporation 

NET METERING 

 Net metering serves as a proxy for delivered value to the grid- both 
peak energy and distribution value 

 Comprehensive studies in Austin, California, Wisconsin and New 
York indicate a value range of $.09- $.40/kwh for exported solar 
generation. 

 Uncovering value in specific grid locations requires more 
transparency and utility cooperation 

 Properly valuing exported solar generation requires change in PJM 
procedures so that customer load profiles from solar customers are 
recognized and suppliers can benefit from serving solar DG 
customers 

 Some current net metering issues revolve around billing, accounting 
and interpreting rules for different customer rate classes  
 

16 
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THANK YOU 

Jim Torpey 
Jim.torpey@sunpowercorp.com 
718-768-0489 

mailto:Jim.torpey@sunpowercorp.com
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Mitigation Of Local Voltage Impacts 
•   Geographical diversity has a substantial 
impact in mitigating variability over small 
distances, even within a distribution feeder.   
 

•  Though uncommon, voltage fluctuations 
can result when a single, high penetration 
system is interconnected to a circuit with 
high impedance (such as a long rural 
feeder). 
 

•  Reactive power control can substantially 
reduce the impacts of output variability on 
voltage. 
 
•  Active voltage regulation (AVR) is 
particularly effective, if mitigation is needed.   

(1) Spike in 
voltage at POI 

detected 

(2) SunPower smart controller 
commands  reactive power 
change to reduce voltage 

(3) Voltage returns 
to setpoint 

SunPower has pioneered the 
implementation of AVR in large-

scale PV plants. 
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•  Currently operating at 600 kW - up to 24% of island’s power in low load conditions. 
 

•  Tied to 12.47 kV feeder, routinely back feeds (>100% penetration).  
 

•  PF is remotely adjustable by MECO, typically operates at 0.98 leading (inductive) 
 

•  No discernable impact on voltage (or frequency) under highly variable conditions. 

Johnson et. al. IEEE PVSC 2010 

Manele 
Hotel 

PV Plant 

Miko Basin Power 
Plant 

Lanai City 
& Koele 
Lodge 
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BAD 

However, this does beg a few important questions, such as: 
 
•  How rapid are these changes, and how often do they occur? 
•  Does the observed behavior of a single system scale?  If so, how? 
•  What are the impacts of variability on the utility infrastructure and the customer? 
•  How do these impacts change as penetration increases? 
•  What mitigations are available for these impacts?  What are the best solutions? 
 

 
 

Some have used the following argument: 
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What About Over Short Distances? 
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10 km 

Case Study:  Los Vegas Valley Water District 
 
Six Distributed Sites.  Minimum Distance:  Grand Canyon – Ft. Apache = 1 km 

Top – Grand Canyon 
Bottom - Ronzone 
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Single Site – Highly Variable Day 
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0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

4:30 6:00 7:30 9:00 10:30 12:00 13:30 15:00 16:30 18:00

Ft Apache 10-min Max Ft Apache 10-min Min Ft. Apache %

One minute data 
(Ft. Apache) 
 
Partly cloudy day, 
highly variable 
conditions. 
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6 Sites, 1-10 km apart (same day)  
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One minute data 
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6 Sites, 1-10 km apart (same day)  
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One minute data 

 
Standard Deviation:  12.3%  4.7% (61% reduction) 

 
Maximum Change:  71.5%  23.5% (67% reduction) 
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High Irradiance Variability At Single Sites Is Reduced With A Portfolio Of Sites 

Single Location 

20 Locations 

Source: 
Mills et. 
al. 2010 

Source: 
Weimken 
et. al. 
2001 
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•  Tom Hoff (Clean Power Research) recently analyzed variability of a 5400 
MW fleet of PV plants (5 MW – 500 MW in size) across California. 
 

•  On a moderately variable day, for 1 location (equivalent to a ~5 MW or 
smaller system), the standard deviation of 1-minute variability was ~10%.  
 

•  For all locations, the standard deviation of 1-minute variability was ~0.3%. 
 

•  That is, a 97% reduction in variability was found in this analysis. 
 

•  Controlling (or “firming”) the output of individual plants would require 
at least 33 times the installed regulation capacity than controlling the 
variability of the fleet in aggregate. 
 

•  Combining aggregate solar variability with other uncorrelated variability, from 
load and wind, would further reduce the total regulation required compared to 
that required to manage each taken individually.  
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System Level Impacts Of Short Duration Variability 
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•  System level impact is cost required to provide 
incremental frequency regulation due to added sub-
10 minute variability from PV.  
 

•  PV integration cost per recent LBNL (Mills & 
Wiser) stud - comparable to wind, because 
 

•  Geographical diversity substantially damps 
short duration fluctuations 
 
•  Reserves can be scheduled based on 
deterministic “clear sky” envelope 

 
•  Regulation costs for wind (up to ~ 30% 
penetration) across multiple studies are generally 
very modest at <$1 / MWh. 
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Diurnal Variability – An Important Consideration 
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•  Daily solar cycle can add load following and unit 
commitment integration costs; bigger ramps. 
 

•  LBNL, NREL (EWIS / WWIS) and others find modest total 
integration cost up to ~30% energy penetration:  typically 
less than $5 / MWh (for wind and solar). 
 

•  Forecast error dominates cost, PV forecasting is new, 
often assumed to be very inaccurate in integration studies 
(5-20% error) 
 
•  May 2011 CAISO reported that 33% RPS is manageable 
using 2020 gen mix, with limited curtailment of VERs in a 
few hours to address high downward LF req’t. 
 
•  CAISO requirements decreased dramatically from 
previous assessments given updated (reduced) forecast 
error assumptions. 
 
• 4-5% RMSE is  achieved in practice for regional-level PV 
forecasts in Germany, comparable to best in class wind 
forecasting.   
 
 

CAISO Projection with 12.3 GW PV – a “bad” day 

Denholm et al 2008 (% system energy) 
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PV in Europe and California By The Numbers 

30 

Region Installed PV 
 

Peak Summer 
Demand 

% Penetration 
(Capacity) 

Germany ~20 GW 78 GW 25% 
Spain 3.5 GW 41 GW 8.5% 

CA 1.0 GW ~59 GW 1.7% 
CA 2020 

33% RPS High DG 
15.1 GW ~70 GW 21.5% 

Take-Aways 
 
•  California is an order of magnitude away from Germany’s current PV penetration. 
 
•  By 2020, CA would approach Germany’s current penetration level in the 33% RPS High DG scenario. 
 

•  There are 70 GW of large scale PV projects in CAISO’s queue – trigging concern at the ISO. 
 
•  Much of this will not be developed.  
•  Surviving pipeline is expected to achieve 33% RPS without requiring DGPV. 

 
Data sources:  Photon Consulting, “33% RPS Implementation Analysis – Preliminary Results” CPUC 2009, “California Energy Demand 2010‐2020, Adopted Forecast” CEC 2009.   
All peak demand is for 2010 except CA 2020 case. 
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High Penetration In Germany 
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6/12/2011 
 

Distributed PV supplying 30.1% of load at noon  
Data:  European Energy Exchange (EEX) Transparency Platform 
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High Penetration In Germany 
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Germany Today: 
  
•  Distributed:  99% DG, 82% (15+ GW) < 1 MW in size 
•  Concentrated:  ~70% in S. Germany 
•  Penetration exceeding 100% of feeder minimum load is fairly common 
 

Sources:  Braun 2010, IEA PVPS Task 14 Workshop 
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High Penetration In Germany 
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Example Circuit 
  
•  Data from 2008 
•  PV to average load ratio:  1.2 (~ 68% PV to peak load) 
•  PV export up to 1.25 times load; PV > load 1.5% of the time (130 hours / year) 
 

Source:  Y. M. Saint-Drenan 
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Regional Output – Partly Cloudy Conditions 
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EEX 
6/10/2011 

Aggregate output, across 
Germany, flattens demand 
peak – even on a cloudy day. 
 
Forecast accuracy is also 
notable. 
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How Is Germany Managing This Much DG? 
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•  No control or ride-through requirements until 2009 – MV systems 
 
•  MV requirements apply to ~20% of new systems installed since that time. 

 
•  Real & reactive power control, fault ride through (FRT), over-frequency droop 

 
•  Low Voltage Directive recently came into effect 
 

•  Similar requirements to MV, except no low voltage ride-through. 
 

•  Management via low cost ripple control – simple, unidirectional. 
 

•  German requirements anticipate needs to integrate 52 GW of PV by 2020 
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Best Practices In System Operations 
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Red Electrica - Spain 
•  18% VER in 2010 - 35% renewables overall 
•  Limited interties  
•  Similar peak load to CAISO 
•  Operations Center (CECRE) key for effective renewables integration 
•  CAISO new operations center & renewables desks modeled after CECRE 
“This centre, pioneer in the world, allows an increased integration of renewable 
energy into the system…without jeopardizing the security and the quality of 
supply” – Red Electrica 2010 Annual Report 
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Why? 1-Minute Changes Are Uncorrelated 
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Correlation of 1 minute changes in output is ~0 even 
for plants separated by only 1 km. 
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More  Examples of Diversity Over Short Distances 
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Recent findings By Clean Power Research based on irradiance sensor network on 4 km^2  footprint 
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More  Examples of Diversity Over Short Distances 
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Coefficients at 1 km 
for 1 minute delta 

Analysis by Clean Power Research 
based on 25 node  irradiance sensor 

network on 4 km^2  footprint (Napa CA), 
high variability day 

Analysis of 1-minute deltas on high variability days 
from 3 operating mid-size plants (10 MW – 25 

MW) in desert, tropical, and midwestern climates 
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•  Consistently, correlations of 1-minute deltas approach zero  at ~1 km (+/- 500 m?). 
 

•  Zero-correlation distance for 1-second deltas could be as small as 20 meters. 
 

•  Geographical diversity likely mitigates voltage impacts on distribution systems.   © 2011 SunPower Corporation 
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Changes (Replete With Acronyms) Are Coming! 
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  NERC Integration of Variable Generation Task Force (IVGTF) 
–  Detailed reports addressing all of these topics and many more are in progress, or already published. 

–  Focused on transmission interconnection, but addresses changes needed with high penetration DG 
that will impact bulk electrical systems.  

  FERC Variable Energy Resource (VER) NOPR / WECC EIM 
–  Both tackle interplay between operational practices and integration costs; NOPR proposes that TSOs 
be able to recover integration costs if operations are modernized. 

  IEEE 1547 Updates 
–  Addresses technical standard changes needed to better accommodate high penetration DG. 

  FERC SGIP (model for California Rule 21 and many others) 
–  IREC proposing updates to address PV specific issues that can pose unnecessary barriers to 
achieving higher penetration of distributed PV. 

  BDEW LV Directive / EEG 
–  Extension of many of the BDEW MV Directive requirements to all PV systems (depending on size) 

–  New curtailment / grid mgmt rules announced early June, apply to < 100 kW systems. 

  Efforts Towards Single EU-wide Electricity Market 
–  Requires harmonization of grid codes, e.g. ENTSO-E effort 
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