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= Understand the true benefits of standardized O&M
data collection strategies for your project, and see
how this could improve on-going performance

" |ntroduction to the PV Reliability O&M Database
(PVROM) and data collection tool

= Case study: Determine the O&M benefits of string-
level monitoring for your system and see how you can
avoid costly loses in your plants output

= What’s next: Standards development and upcoming
workshops




Standardized O&M: What are the benefits? [T .
= What are the gaps today (industry-wide)

Standardization

Definitions

Reactive O&M versus Scheduled O&M

Moving from scheduled to condition-based O&M
Industry-wide quantification of O&M

= What are the impacts of the gaps

Uncertainty

Miscommunication

Higher cost of PV

Miscalculations of O&M requirements
Unplanned outages




Standardized O&M: What are the benefits? (.

= \What are the benefits of standardization

= |mproved communication

= Standardized reporting
= |mproved benchmarking for financial market assessments/predictions
= QOrganized vs. ad-hoc

= With better standards, the O&M provider has a better basis for tools,
practices, procedures, and trained personnel

= Added degree of confidence

= Standards protect buyers and sellers, facilitate markets




A Standardized Reporting Approach

Facilitates the Market, Example of an Approach
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Collecting technical data to reduce risks i) S
and optimize predictability =PRIt

= Common definitions and processes for tracking O&M events allows for
aggregation of data sets

= Standardized reliability and financial reporting
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http://upload.wikimedia.org/wikipedia/commons/7/78/Bathtub_curve.svg

The Problem with Risks rh) i

= There is a need to quantify risks for the financial community: production,
operational, reliability

= There is a need to quantify risks no matter what community

= Cost of capital « risk « 1/knowledge

=  This market is still relatively new

= Lower risks = lower costs = Sunshot goals = higher revenue

RAM: Reliability, Availability, Maintainability System level
reliability and availability estimates are required to facilitate cost
tradeoff studies associated with competing photovoltaic
systems. RBD models can assist---

= Estimates of reliability are necessary in developing maintenance cost
projections over the system lifetime.

= Availability estimates provide an input into annual energy generation
projections.
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Goals and Objectives Of =
O& M P rOJ eCtS EPR |

= EPRI and Sandia will focus on identifying and analyzing the
technical risks involved in PV operation and maintenance

= Develop a growing partner base with solar industry
stakeholders through formalized agreements with
organizations and individual companies

= Facilitate increased, accelerated, and broadened data flow

= |ntegrate Sandia PV Reliability and EPRI Solar research

through research data and combined performance reporting
of the accelerated industry partnership data.
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O&M Data Collection Wyl

* PV System ownership is a cradle-to-grave commitment
 Different Elements of O&M Data Collection

— System monitoring; focused on tracking performance and
production

— Incident tracking; focused on tracking downtime and
documenting failures/failure modes

— Cost tracking; focused on documenting expenditures
—Work orders; focused on managing response to O&M

* Predictabllity is critical to controlling costs and optimizing
production. Tracking O&M is critical to predictability.




Technical Challenges i

= Getting industry data, much of which will be considered to be
competitive advantage

= Making it easy to provide data

= Working through standard practices, definitions, and
reporting by industry operators. Setting the stage for industry
to fulfill this function on own

= Aggregating reporting for baseline metrics




Why do we think tracking O&M is )
important for PV asset managers? S,

 Now have fleets of PV systems
— Uniform organizational investment strategy
— Uniform performance tracking strategy
— Different geographical locations (and organizational regions)

— Common annual fiscal process requires well documented
proposals

— Common (corporate) benchmarking of system production
— Multiple business models for ownership of PV systems

e Responsibility to customers to employ rigorous O&M
strategies that provide optimal return on investment




Why are EPRI/Sandia interested (@)=,
in tracking O&M data? S|

= Sandia has developed a set of linked reliability tools that are data driven—
we need more data!

= PV Reliability Operations & Maintenance (PVROM) database
= PV Reliability & Availability Model (PVRAM)
= PV Reliability and Performance Model (PVRPM)

= Sandia’s reliability tools focus on developing accurate science/statistics-
based predictions of system “ownership metrics”

= field-based operations data + accelerated life test data

= Provide documented guidance to the community on efficiently run PV
plants:

= reduce risk of early equipment failure
= reduce unscheduled downtime

= optimize plant performance

= control costs
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Data Collection Tool
SNL’s PV Reliability O&M (PVROM) Database

e Web-based incident (failure) reporting, analysis, and corrective
action system software package (ReliaSoft’s XFRACAS™)

=PRI

— FRACAS (Failure Reporting, Analysis and Corrective Action System) is a process for reporting,
classifying, analyzing failures, and planning corrective actions in response to those failures

e Supports acquisition, management and analysis of system quality and reliability data from multiple sources
e Database resides on Sandia Restricted Network (SRN) server
e Access to database is through Sandia Open Network (SON)

» Access restrictions (login ID and password) ensure only source users (partners) can access
database

» SNL issues SON login ID and passwords
» Only system owner and EPRI/Sandia will have access to O&M data

e XFRACAS™ source permissions ensure source users can access only their own data
e XFRACAS™ platform supports both real-time and legacy failure/suspension (or non-failure event) data acquisition

e Supports incident record searches and report generation
e Supports export of data to ReliaSoft reliability life data analysis and reliability growth analysis software products

e Program partners may use other XFRACAS™ capabilities as well (e.g., failure analysis, corrective action tracking, etc.)



Data Needs for Reliability, Availability, E::m
O&M Optimization Analysis

RESEARCH INSTITUTE

Incident Occurrence Date/Time X X X
Bill of Material Part Number X X X
Part Serial Number X X X
Part Commissioning Date X X X
Incident Description X X X
Incident X X X
Service Response Date/Time X
Service Completion Date/Time X X
Restoration to Duty Date/Time X X
Energy Lost (kWh) X X

Note that this is O&M data not unlike what is

typically collected for most plant-like equipment.
I —————



PV System Bill of Material ==

Starting point for collection and analysis of performance data — one BOM for each system
power block (data entry structure based on understanding of system architecture from
reliability perspective)

ELECTRIC POWER
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Part Part Serial Manufacturing
Level Number Part Description Version Number Quantity | Build Date | Ship Date | Catalog Code
353 Solar System
1 SGS5S Power Block 5G35-1 1 07/13/2001
A4B0W/34 5k
2 THL Transfarmer SCL-2 1 07132001
208W/480Y
2 TS Transformer THE-1 1 07/13/2001
AL Disconnect
2 ADS Switch ADS-1 1 07/413/2001
D Disconnect
2 DOS Switch DDS-1 1 07/13/2001
Array Electrical
2 ECON Connections ECON-1 1 07/13/2001
2 1Ny Inverter IN%-1 1 07/13/2001
2 LIGHT Lightning Event L1 1 071372001
2 MOD P Module h-L11-1 1 07/13/2001
2 MOD P4 Module W-U1-2 1 07/413/2001
2 MOD P Module W-U1-3 1 07/13/2001
2 MOD P Module h-L11-4 1 07/13/2001
2 MOD P4 Module M-U1-5 1 07/413/2001
2 MOD P Module h-U1-6 1 07/13/2001
2 oD P Module h-LI1-7 1 07/13/2001
2 MOD P Module M-U1-8 1 071372001
2 MOD P Module h-L11-9 1 07/13/2001
2 oD P Module h-L11-10 1 07/13/2001
2 MOD P Module W-U1-11 1 071372001
2 MOD P Module h-U1-12 1 07/13/2001
2 MOD P4 Module M-U1-13 1 07/413/2001
2 MOD P Module W-U1-14 1 07/13/2001
2 MOD P Module h-U1-15 1 07/13/2001
2 MOD P4 Module M-U1-16 1 07/413/2001
2 MOD P Module h-U1-17 1 07/13/2001
2 oD P Module h-L11-18 1 07/13/2001
2 MOD P Module W-U1-19 1 071372001
2 MOD P Module h-L1-20 1 07/13/2001
2 MOD P Module h-L1-21 1 0771372001

EPRI/Sandia can assist in developing facility/installation BOMSs.
I —————



Performance Data Entry (SAMPLE)
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.... and elaborated upon with XFRACAS™ Incident Tracking Utility

tHilities
¥ Quick Search Utility
|Incident # v|

130 [so]

» Assign/Remove PRR
¥ Reported By
> Assign To

Action Key:
Completed
Past Due
Mot Complete

Duplicate

100101001010101010010100010101010100101010100101000101010101101011000111010100101001010101010100010101
00100100111100010101010010101001010101101001010100101010101101001011010100101000010101010100101010001
0100101001010010101010101010001010010100101001010010101010101010101010101001010100101010010101001010
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Home n Search/Report n CSI n Incidents n PRR= n Actions n Project n Help |

J Incident Tracking Utility

Logged in as: JEFFREY & MAHMN

Current Entity: | Sandia Solar Energy FRACAS

Incident Closed 01,/29/2010
Assigned to PRR#

Mia

BOM Level 1 Part S/N, Description:
SMiSG5-003, 565 PY Power Block 3
Assigned to:

MAHM, JEFFREY

Incident Category:

Hardware Failure

Incident #SAN-132

Occurrence Date:
02/07/2003 03:54 &M

System Status:

Decreased AC autput
Reporting Date:

oifze9/z010

Responsible Part:
SGS30053: DC Disconnect Switch

Incident #SAN-132 CB

Select Entity

Incident Status:

Closed

Clock Hrs / Starts/kWh Loss:
1337/ MfA fSE0

Reported By, Reporting Org:
JEFFREY MAHM, Nf&

Under Warranty:

Yes

Customer Support #: Manufacturer: Unit Location:
SAR-4 TER Springerville
ASP: Downtime for Service: Response Time:
Mia 13 hrs 7 hrs
A System/Component Information
BOM Level 1 Part Serial Number: |SGS-003 Under Warranty: ®ves O Mo
BOM Level 1 Part Number: |sGS553 Yersion: |
System Status: |Dec:reased AC output v|
Clock Hours: |133? | Number of Starts: | |
kwh Loss: [560 |

Unit Location:

|Tuc:son Electric Power - TEP - Springerville

Operating Company: |TEP

| System Location:

| Commissioning Date:

systemfSubsystemfComponent |
ID:

F/E: [F

| System Down Event: |:|

|Springervi|le |

un 924 [2002 B

Initial incident data and incident status updates would be entered by O&M personnel at each site.




Additional XFRACAS Features and Analysis ) e
O pportun ities EPR | Lt

Program partners may use other XFRACAS™ capabilities as well:

Imports of historical incident data

Responsible individual email notification of incident creation/updates

Labor hours and non-labor costs can be recorded in incident records

Generation of database queries and reports

Legacy data can be entered into PVROM using an Excel spreadsheet format
SNL and EPRI make use of data analysis:
e Data is easily exported for reliability analysis

e Using XFRACAS™ allows SNL and EPRI to perform reliability analyses using
other ReliaSoft tools without further manipulation of data
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Partnership Roles EPR | Lo

e PV system owner adoption of the PVROM database includes:
— Developing BOMs for each PV facility/installation

— Entering PV system event data into the PVROM database (ongoing
activity) with continuous accessibility to data

— Providing available PV system legacy data if available

e EPRI/Sandia will provide necessary PVROM training

— Assistance in developing necessary BOM'’s for PV
facilities/installations

— Assistance, as needed, with data collection/entry issues
— Assistance entering PV system legacy data into PVROM

— Perform reliability/availability analysis for PV system data and
providing results to system owner

* Reliasoft provides additional training on the use of XFRACAS™
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e The importance of PV System O&M should not be understated

— There are different elements of O&M and the importance of tracking these
on PV systems is significant

— The value of tracking O&M on PV systems has operational, performance,
and economic implications

— EPRI/Sandia’s intend to acquire additional data to further develop reliability
tools

e Use of the PV Reliability O&M (PVROM) database is
straightforward and relatively streamlined
— Access requirements

— System BOM creation
— Data entry

e PVROM is founded on collaborative partnerships between
EPRI/Sandia and partners
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= Accurately predicting long-term performance is challenging but
necessary to assess financial viability and risk

= PV plants are complex interconnected systems with thousands of
components

= |mportant factors for modeling PV systems include:
» Location, technologies, and system design
» Weather and solar resource variation
» Degradation and component reliability

» Operations and maintenance strategies




Case Study: Which O&M Approach? L mm

Assumptions:
e 16.4 kW system at latitude tilt in Fort Worth, TX
* 96 poly-Si modules in 8 strings of 12, 170 W modules

* Three inverters modeled as single-point efficiency inverters (94%
efficiency)

e Failure rates and distributions based on real-world examples

e The simulations were run for 30 years using an hourly time step.
We ran 100 stochastic realizations.

* Soiling was assumed to negligible; module degradation rate of
0.5% per year.
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Case Study: Which O&M Approach?

There are different
O&M strategies to
consider.

Which one is best?

High initial and ongoing
cost, short repair times

Moderate initial cost,
medium repair times, if
inverter is large, some
problems are not visible

Low initial cost, long
repair times, risk of
worrying about problems
that do not exist

i1

Sandia
National
Laboratories

String-level monitoring, on-site
staff, inventory of spares

Inverter-level monitoring, major
failures fixed when they occur

Periodic scheduled system
checks and corrective actions
(every 1, 2, or 5 years)

=Rl
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RESEARCH INSTITUTE



Presenter
Presentation Notes
String Level Monitoring, Local O&M Staff
String and Module failures detected and repair times are short
Inverter-based monitoring
 If number of strings per inverter is high (>50) string level failures will not be easily detectable, repair times could be long
Inverter failures will be detected and repaired 
Periodic Maintenance Cycles (or triggered by poor performance)
Repair time can be quite long (years)
Testing required to detect string-level failures (“everyone takes the medicine”)


Case Study: Which O&M Approach?
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The resulting energy produced from these scenarios can be

evaluated.
Time History of Cumulative Energy Produced
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800000 1 __pmannually /
700000 H  —PMeve ry 2 yrs /,’
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600000 — ;
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Assumptions: 
 16.4 kW system at latitude tilt in Fort Worth, TX
 96 poly-Si modules in 8 strings of 12, 170 W modules
 Three inverters modeled as single-point efficiency inverters (94% efficiency) 
 Failure rates and distributions based on real-world examples  
 The simulations were run for 30 years using an hourly time step.  We ran 100 stochastic realizations. 
 Soiling was assumed to negligible; module degradation rate of 0.5% per year. 

Five cases simulated in PV-RPM for this hypothetical system:
String level monitoring:  Every module failure is immediately detected, and the module is assumed to be replaced in a relatively short time of one day.
PM occurs annually:  Any module that fails will remain in a failed state until the end of the year when all failed modules are replaced.
PM occurs every two years: Any module that fails will remain in a failed state until the end of every second year when all failed modules are replaced.
PM occurs every five years: Any module that fails will remain in a failed state until the end of every fifth year when all failed modules are replaced.
No PM, no repair:  The modules are never maintained and those modules that fail are never replaced. 



Case Study: Which O&M Approach?

The energy lost
due to failures
can add up over
the life of the
system

There is a
tradeoff between
performance and
cost of O&M

i1
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= Reliability and O&M is an important factor in
determining performance and profitability of PV
plants

"= Coupling performance, reliability, and financial
modeling into one tool allows evaluations of different
O&M strategies, different system designs, and
different technologies

= PV project bankability is enhanced if system
performance is well understood and the uncertainties
are known




What are the metrics for success? ) S,

= 5SS
= O&M costs accurately identified

= Production metrics = MWhrs, Capacity factor, revenue
= Reliability metrics = reliability, availability, maintainability,
MTBF, MTTR, lost energy, costs

= Bankability, technical risk defined, best practices and
standards, risks mitigated in the financing costs

= Transactional costs reduced




Success looks like: i

= Mutually beneficial industry participation
= Regular industry feedback, workshops and symposia

= Statistically significant data that accurately characterizes the
technical risks

= |[nformation treated properly
= Baseline performance made transparent

= Establishment of industry approaches to continue select
functions for market sustainability




Future Work h m‘

= Expand the database: new partners

Facilitate development of O&M industry standards
= Standard definitions
= Best practices
= Data collection guidelines

= Upcoming EPRI/Sandia O&M Workshop
= Date: 8:00 AM to 5:00 PM on Monday, April 29, 2013
= Location: EPRI Headquarters at 3420 Hillview Avenue, Palo Alto, CA

= Focus: Solar PV O&M drives project life cycle costs and plant
performance. What tools and techniques—combined with data
analysis—can lead to operational improvements and best practices?
This actionable workshop will share perspectives and findings, as well
as establish a Working Group tasked with developing a robust set of
industry-wide PV O&M standards and protocols.

= Develop a PVROM Users Group

29



http://www.epri.com/About-Us/Pages/Palo-Alto-CA.aspx
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Enbar, N., Electric Power Research Institute; Addressing Solar Photovoltaic Operations
and Maintenance Challenges; A Survey of Current Knowledge and Practices; July 2010

Enbar, N., Electric Power Research Institute; PV O&M Best Practices; Utility/Lab
Workshop on PV Technology and Systems; Nov 8-9, 2010, Tempe, AZ;
http://www1.eere.energy.gov/solar/pdfs/2010ulw_enbar.pdf

Daushik, A., SunEdison; PV system reliability-lessons learned from a fleet of 333
systems;, presented at SPIE Conference; August 2011

Voss, S., SunEdison; Service & service architecture — yield monitoring, optimization and
reporting for commercial-scale solar utility installations; Photovoltaics International
PVI5_06-5, P173-179

Banke, B., Solar Power Partners; Solar Electricity Facility O&M: Now Comes the Hard
Part; Renewable Energy World Online Sep/Oct 2009,
http://www.renewableenergyworld.com/rea/news/article/2009/10/solar-electric-
facility-o-m-now-comes-the-hard-part

Jacobi, J, ScottMadden, Inc., Solar Photovoltaic Plant Operating and Maintenance
Costs, http://www.scottmadden.com/insight/407/Solar-Photovoltaic-Plant-
Operating-and-Maintenance-Costs.html
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