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High Penetration PV Initiative

Obijective: Development and testing of hardware and software to
evaluate the impact of high penetrations of PV systems on our grid.

Team: SMUD, HECO, DNV KEMA (BEW Engineering), EPRI and NEO
Virtus Engineering
Project activities: Feeder and system modeling, baselining, field

monitoring and analysis are conducted on identified case studies
that include sites and feeders within SMUD territory and Hawaii.
Visualization tools are being developed. Irradiance monitoring
sensors are deployed. Solar resource data is being collected and
forecasting activities conducted. Demonstrate inverter monitoring via
AMI communication from smart meter to inverter.

R :' Coig.

G0

CALIFORNIA "ron



v

Motivation - Timeliness of
Partnership

Exponential growth in levels of distributed generation “behind-
the-meter” generation (variable & baseload)

Levels of penetration exceeding “rules-of-thumb” and
standards used in traditional utility practices for planning &
operations

Industry lacks capability (tools/data) to effectively plan and
account for PV impacts on the grid (especially at the
distribution and DG level)

Limited commercial solar forecasting capabilities, experience
and integration at utilities

Lack industry guidance (standards/best practices) for
monitoring equipment, measurement parameters, modeling
and data resolutions for planning & operational timelines

@ SMUD



SMUD

Publicly Owned (Sixth Largestin U.S.)

Service area of 900 square miles, serving
1.4 Million (Sacramento County and parts
of Placer)

Nearly 600,000 Residential, Commercial
and Industrial customers

o HECO

Regulated utility, providing energy for the o

islands for over 100 years o O o
Hawaiian Electric Utilities MECO.;' -
(HECO/MECO/HELCO) serve 95% of the e »
state’s 1.2 million residents on the islands of -
Oahu, Maui, Lanai, Molokai and the Big HELCO

Island Hawaiii.
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Solar Energy Growth at SMUD

Installed and Forecast Solar Capacity

D SB1, Actual & Planned
B Non-SB1, Actual & Planned
mFIT I
— [ | - | . . . |

2007 2008 2009 Year 2010 2011 2012 2013

* Rooftop solar projects
 FIT projects

e Aggressive CARPS —
33% Renewables by
2020



PV kW

12,000.000
kw:
o Cumulative 20,104 2012,9,944.267
S Commercial 6,619
Residential 13,436
8,000.000
B Commerdal
B Residential
6,000,000
Total /
4,000,000 J
2,000,000
0.000 A

Growth of

I ] I ]
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

distributed PV at HELCO, 2001-2012. |

JET FUEL 34%

ELECTRICITY 32%

GASOLINE/ 27%
MARINE FUEL

OTHER 7%

RPS — 40%
renewables from
electricity, 70% total
(includes
transportation) by 2030
Energy efficiency
standard of 30% by
2030 (3,400 GWh)
HECO — 17%, HELCO
—42%, MECO — 26%
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SMUD/HECO High Penetration
'1\/ PV Initiative (HiP-PV)
Goal:

Enable appropriate capability to reliably plan and
operate with high penetration of variable renewable
resources on the grid especially during high impact
conditions (e.g. variable weather, peak loads,
minimum loads, contingencies)

Objectives:

Inform and pilot the development of visual tracking, field
measurement and validated analytical (modeling) capability
including hardware and software integration needs to evaluate
the impact of high penetrations of PV systems on our grids

Collaborate with other utilities, validate and transfer lessons
learned

; @ SMUD




/1\/ Workscope

Task 1: Project Management

Task 2: Baseline DG Modeling of SMUD and HECO
Systems

Task 3: Field Monitoring and Analysis
Task 3.3: Inverter Communication
Task 4: Visualization Effort

Task 5: Solar Resource Forecasting

2

ELECTRIC POWER
RESEARCH INSTITUTE

=Pl Virtus

Engineering, Inc.
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Hawaiian Electric Company
2d | Maui Electric Company
? | Hawaii Electric Light Company




Task 2:  Baseline DG Modeling of SMUD
and HECO Systems

Ronald Davis, DNV KEMA
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SMUD/HECO HIP-PV Initiative Analysis

Goals & Tasks

OVERALL STUDY GOALS

Improve observability and visibility of operations
and planning, to impacts of HiP-PV on the
distribution feeders

- Conclude on level of measured data required in the
future to improve visibility for operations and planning

Determine validity of common analysis filters

Quantify impact on select feeders to demonstrate
new modeling and analysis techniques

Inform how future studies and interconnect
processes can be expedited

Changing perception of how to deal with high
renewable penetrations (solutions to address
problems)

Technology transfer/outreach and publication

Apply results and support strategic studies

- Example: GE Hawaii Solar Integration work
(HSIS)

TASKS
Feeder Selection
Data Collection and Review
Definition of Analysis Points
Base Case Definition
Model Validation
Detailed Analysis

. Conclude on HiP-PV Impacts feeder
of interest

8. Conclude on administrative screens for
Feeder Studies

9. Plan roadmap for future
Feeder/Regional Analysis Goals based
on Results

10. Reporting
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CPUC CSI RDD #1 Objectives

= |dentify high penetration analysis needs for each circuit

= |dentify additional data parameters and placement of high-fidelity monitoring
equipment

= Record and collect a minimum of 6 to 12 months of load data and solar data

= Collect electrical equipment nameplate data for the distribution feeder: DG,
Inverters, circuit data (conductor size, length, loading), switchgeatr,
transformers, fuses, etc.

= [nvestigate varying incremental levels of PV penetration

= Develop a methodology for extending the findings using simulation tools to
Inform and expedite interconnection studies at higher penetrations

HES
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Develop a methodology for using simulation tools
to inform and expedite interconnection studies at
higher penetrations
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Modeling and Field Verification for Analysis of Results

* Identification of high penetration feeder circuits
 Evaluation of load characteristics over a period of time capturing high and low load
conditions

» Characterize circuit based on loading profile and generalize for modeling purposes
» Convert GIS database to SynerGEE format
el [SAIalef * Identify corrections and where to correct (DNV KEMA/utility)

N
» Gather Field data and verify model and analysis output
Validation
J
o . )
* Feed distribution impacts into system level models
» Continue monitoring and model validation as part of planning process
ice[Eiies « Develop visualization tool and decision aids for operations & planning )

.,E
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PV Penetration Analysis Steps

= Extract (GIS) or build (when GIS not available) SynerGEE model

= Collect and apply detailed equipment information
- Transformers, switches, fuses distributed loading, capacitors, inverters, PV panels etc.

= Collect PV data for area of interest if available

= Analyze PV performance
- Associated weather data

= Collect full system sub-transmission/transmission model, and dynamic data

= Model inverters
- Future detailed SynerGEE model, or
- Existing equivalent impedance model, and

= PSLF dynamic inverter model
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PV Step Analysis Cont’d

= Perform base case load flow analysis with and without existing PV
- Single point in time, minimum load day, and maximum load day
- Perform basic fault current analysis with/without existing PV

= Repeat load flow and fault current analysis for potential and predicted PV cases
= Verify feeder performance with measured data (load flows, voltage levels etc.)

= Repeat analysis after verification of data

= Conversion of data for transient analysis

= Conduct advanced post-validation studies including:
- Protection coordination
- Harmonic and Flicker studies
- Islanding study (voltage and frequency limits)
- Transient study

HES
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Graphical Flow of Handshaking Between Models

y/ Distribution Transmission Resource ¥
Planning Planning Planning
Individual 46 kV
12 kV Feeder  System 138 kV System Generation

SynerGEE
Unbalanced
Distribution

PSS/E
138 kV Model

urces

Aggregated SynerGEE ng; rr\]/(\:/gcrild Generic
BEW PV - Balanced System 138 kV/46 KV PV/Inverter User-
46 kV/12 kV Model Defined Model

Aggregated BEW

System/PV Sites PSLF Models

Note: Line ratings shown for Oahu

. system for illustration

Penetration Initiative, DNV KEMA, GL Data Transfer Point r
e

Industry Partners: SMUD/HECO Hi-

Noble Denton, GIS & EMS providers




How impacts are quantified for selected
feeders?
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Interaction of Analysis Types and Data Input

/ Input Data \f Study Level

/Feeder Model
SCADA /Load Monitor Data
12 KV protection settings

V Reg and Cap Information

~

Irradiance/PV Output Data )

-

46 KV Protections Settings
Transformer Settings inc.
LTC Make/Model

\_

/

-
Inverter Type and Settings
Dynamic Model inc. UFLS

\_

-
System Model
Generator Dispatch Options

J
~N

\
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Single Feeder Study

Substation/
Transformer Study

: System Study

.
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Flow of Information to other Utility groups

Distribution

Planning 1 clyster/HiPV :
Model/Analysis ; Operations

: - |mpagt Simulator

Mepping Scenanos Model/Analysis
Transmission System Scenarios .

Planning Scenarios ‘8pera:!onsl
Model/Analysis perations

N

= Interconnection teams will have the technical evidence to start investigating
process changed to the existing interconnect

- Will know what needs to be used for a simple single site interconnect in future versus a
cluster or large group of PV level impact

= Distribution Planning and Renewables Integration

= In Future operations and transmission planning can feed the results into their
models

pwv|
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Enhancements to Typical Interconnect Process

= Colored boxed show what analysis is important for this feeder/cluster/area
- Red indicates most important, yellow least

= Greyed out box indicated has not yet been analyzed for Mikilua cluster, but was for Waiawa

Analysis Type Typical Detail Level | Enhancement |

STEADY STATE STUDIES
Color Code

Minimum Daytime Load
Load Flow - Back-feed Investigate equipment settings and impact of

Peak Load Conditions
Comment on equipment setting (LTC

ial
potentia and LDC)

changing
Irradiance data for capacity vs. generated power

Step Maximum output to Minimum
Output at Peak Load, 1% limit in
voltage change specified to impact
LTC

Time sequential analysis with measured irradiance
data over seconds and time delay of LTC
Peak and Minimum daytime load conditions

Tap Changer Cycling

Evaluation at POI for first screening

(Rule 21/Rule 14H), if does not pass Impact of varied location, impact of changing size of
screen detailed study include inverter
evaluation of the entire feeder

Protection/Short Circuit
Study - Protection
Coordination

HES
A
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Enhancements to Typical Interconnect Process:
Steady State Studies

| Analysis Type | Typical Detaillevel | Enhancement | |
STEADY STATE STUDIES ]
Load Flow - Thermal = Maximum Peak Demand Minimum Peak Daytime Demand
Loading conditions
Maximum Peak Demand
Load Flow - Voltage : . :
Profile Comment on equipment Minimum Peak Daytime Demand
settings (LTC and LDC)
Maximum Peak Demand with - :
Ximd : . W Minimum Peak Daytime Demand
Load Flow - Losses and without project

With and without a range of projects

Evaluation at POI for
screening, detailed study  Impact of different locations, increasing PV
include evaluation of the size and spread
entire feeder
Only considered if source is
Harmonics present or specifically Range of inverter types/conditions
requested by Utility

Protection/Short
Circuit Study -
Interrupt Rating

HES
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Enhancements to Typical Interconnect Process

Typical Detail Level . Enhancement |

DYNAMIC STUDIES ]

Dynamic/Stability Multiple sites/nodal/cluster studies, PV is
Studies - All PV trip dynamic Inverter

Dynamic/Stabilit Full dynamic analysis on range of site sizes
y y Not normally completed y y 9 -

Not normally completed

Studies - N-1 and configurations

Instantaneous step change in
output compared to IEEE 519
standards

| Analysis Type | Typical DetailLevel | Enhancement | |
ADDITIONAL STUDIES ]

UFLS Inverter

Dynamic/Stability
Studies - Flicker

1 second steps time sequential study with
high fidelity irradiance data input

Multiple sites/nodal/cluster studies, PV is

Coordination Reviewed but not simulated .
. dynamic Inverter
(Dynamic)
Ground Fault : L
: : Full analysis on range of site sizes and
Overvoltage Reviewed but not simulated

) configurations
(Protection) d
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SMUD and HECO Selected Feeders

Voltage (kV)

AC — 3 Feeders
RF — 1 Feeder

EB — 1 Feeder
CT — 2 Feeders
EG -3 Lines

L7 — 1 Feeder

W1 — 4 Feeders

ML — 4 Feeders
WA — 6 Feeders

SMUD
SMUD

SMUD
SMUD
SMUD

SMUD

HECO

HELCO
MECO

15

12.47 kV Residential
12.47 Commercial and
Industrial
12.47 Rural
12.47 Residential & Rural
69 Residential,
Commercial &
Rural
69 Industrial
11.5 Residential &
Commercial
4.16 Commercial
13.09 Residential &
Commercial
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Case of PV impacts at end of Feeder and Load
‘hear Substation

/

AC3

Distributed
Generators

Substation

additional demand Substation — close up view
meter for the Solar a4

SmYrt Homes subsection
/ ﬁ —
- E fi i

Solar Smart Homes l

AC1

open switch
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Load Flow Results — kW Profile for all Cases

1300
1200
1100

AC 1 Feeder - kW Power Flow Profile
— Cgce 1Mo PY

= = (Case 2/ Existing PV=92%
m— Case 2B Existing PY=100%
Case 2C: Existing PV=92%, Rend. Plant off
m— Cgse 3 12MW total PV, 100% load increase rate
= = (Cgsed:backfeed, 100%¢load increase rate

— Cgse 5 1L 2WW total PV, 50% loadincrease rate

— = = (Case f:backfeed, 50%load increase rate

1.00

1.50 1.75 2.00 2.25 2.50

00 3.25 519

1.25

W WE S g N

———————————

Distance from Feeder Head [miles)
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Case of PV Impacts at Residential Secondary Service
Connections of 800 Home Substation

\

/
+

I
8
N



AC-C Area — Design Drawing

KEMAZ
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Potential Voltage Impacts of 4 & 6 kW Solar/House for a
800 Residential Community




Example of Determining Time Period of Interest for PV

100% -
0%
80% -
70% -
60% -
50% -
40% -
30% -
20% -
10% -

Maximum Peak Substation Demand Day % of SLACA (Jan
to April)
Analysis
Focus
Time

100%

90%

80%

70%

c0% == M| Feeder5

sox ™= MIFeederd
== MIFeeder3

"% = MIFeeder1

3% . Ml Substation

20%

10%

0%

Maximum Peak Substation Demand Day (Jan to April)

16

18

20

22

24

MI Feeder 1
MI Feeder 3
MI Feeder 4
MI Feeder 5
MI Substation

A%

80% -

T0%

60% |

50% -

40% -

20%

10%6 -

0%

100%

90%

Minimum Peak Substation Demand Day % of SLACA (Jan

to April)

Analysis
Focus
Time

B80%

T0%

60%

50%

40%

30%

20%

10% -

16.00

16

eman

17.00
. 1800

18

0%
- 80%
F0%
- 60%
o ™ MI Feeder 5
= MIFeeder4
a0% == MIFeeder3
s ™ MI Feeder1
- MI Substation
20%
10%
- 0%
888888
ga8ddds
Day (Jan to April)
— MIFeeder1
— MIFeeder3
— MIFeeder4
~ MIFeeder5

20

22

24

MI Substation
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Validating Simulated LTC Operation to Actual
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Issues Discovered with Installing Data Recording
Equipment

= Safety - Installations would not cause potential risk to injury
= Security — Equipment cannot be stolen easily

= Communication needs — Data transfer by cell phone, SCADA,
fiber optics, etc.

* Equipment and budget availability — Type, cost, and utility
available budget

= Data storage and management — Data can be one second or
higher which creates large data files
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Solar & Feeder Monitoring Instrumentation

Reference Y,
Met station
at Kaneolani
Elementary

Feder i
Mofttoring

e LM-1 at LM-2

substation  temperature
sensor
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What was Learned from the Feeder Studies

= 15% of feeder peak was too low of a value for justifying
detailed studies

= Unless the LTC was very old, there was not numerous tap
changer operations

= High voltage was the most common violations

= Inverters did not significantly impact harmonics or fault current
due to current inverter modules and data limitations

* The methodology developed could be easily applied to all
feeders with equal ease of use and consistent results

HES

=
m
2
>
N



Pre-Study Preparation

*Plan ahead on the number of power quality meters,
solar irradiance sensors and customer solar meters

= Solve all safety and security issues ahead of time for
Installing meters

=Determine proper communication and data storage
equipment

*Begin gathering data as soon as possible to reduce
study delays and lost data

HES
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Preparation Cont’d

= Select distribution feeders of interest ahead of time

= Match load allocation across the distribution transformers so that loads and
solar installations match

= Conduct a preliminary feeder simulation to determine voltage profiles and
line loadings on the line segments to determine the best locations for
meters and sensors

» Hold a series of meetings with planning, operations, renewable acquisition,
load forecasting, finance, customer service and other departments to inform
all parties to the objectives of the high solar penetration studies

» Hold periodic status meetings with department heads and utility officers on
the project

= Review all data requirements and status of distribution models prior to
starting

HES

IE
>
&

28



Conclusions

= Even though distribution planning and operations may state that they use the
distribution simulation daily or often, the additional data requirements for modelling
the injection of variable solar generators with inverters into the system is extensive
and often missed

= Delays in installing monitoring and communication equipment impacted study time
lines

= This project demonstrated:
- Problems in creating detailed simulation datasets
- Need for cross education and support of the project from multiple departments

- Following the methodology enables the utility to study feeder impacts for high solar
penetrations and determine internal mitigation measures

- Accurate GIS data and mapping function critical for displaying results

HES
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* Obadiah Bartholomy
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Challenge Facing California Utilities

Figure 1: Installed PV by Type Under the Least Cost Scenario, Maximum Without
Curtailment

16,000 -

Potentially 6-7

14,000 - ) )
GW of residential

B Residential Roofs

= PV by 2020 with
S 12,000 B Commercial roofs y
E_ no current
z 1000 - B Ground < 10 MW communications
B il m Ground > 10 MW or controls
E‘ ’ strategies, plans,
Q 6000 - standards, or
a solutions

4000 -

2.000 -

0l

2012 2013 2014 2013 N6 2017 2013 2019 2020

Year
From “Technical Potential for Distributed Photovoltaics in California” Preliminary Assessment March 2012, E3
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Challenges Cont'd

* Big Bold Energy Efficiency Strategies:

“All new residential construction in California will
be zero net energy by 2020”

 If between 100K and 200K homes per
year, at 4kW per home, this represents
additional 400 — 800 MW per year after
2020




Challenges Cont'd

Figure 4-6. Estimated Subsystem Prices Needed to

Achieve 2020 SunShot Targets
$1.60 - :
With targeted
$1.40 - residential
Inverter costs at
E $1.20 - $0.12 per watt,
_E_ o 0,44 communications/c
] v . :gif ::::““"“““’E ontrols capability
%0801 go19 ik St U192 &) HEEen
= ' $0.8 $0.18 e Modaks of this. At $0.01
E $0.60 - $0.12 $0.11 £0.10 per watt, the net
£ Lo ) cost is $40 per 4
= ¥ kW system —
so20 e & 0 Solution must be
embedded, easily
$0.00 - configurable,
Residential Commercial Utility robust

Sunshot Vision Study, February 2012
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Research Objectives

 Does it make sense to leverage the AMI
system for communicating with Residential
Inverters?

— Existing/currently being implemented
Infrastructure

— Similar capabilities being developed for DR
purposes primarily

— Potential for low-cost communications and
control

; @ SMUD



Research Approach

Demonstrate end to end AMI communications/control
with PV Inverter

|dentify barriers and pitfalls to this approach

Determine capabilities of AMI system for various
desired control functionalities

|dentify alternative approaches that meet objectives

Recommend next steps for pursuit of AMI-based or
alternative communication routes for solution that Is:
— Low cost

— Robust

— Flexible

— Simple




Scope

 EPRI developed hardware and software to
receive and interpret Zigbee SEP 1.1
signal from L&G meter, translate, control
Fronius residential inverter

e Using same setup, SMUD demonstrated
end to end control functionality at SMUD
AMI compatibility lab

— Test lab mimics SMUD AMI system including
actual hardware and provides Production
based environment for testing hardware

: @ SMUD



Scope Cont’d

* Functionality demonstrated

— On/Off
— Max Setpoint Inverter Output

« Additional functionality constrained under SEP 1.1
modules and SSN HAN Communications Manager
(HCM) capabilities
— Monitor functions (output, fault codes, most recent

output prior to fault, historical generation) Demonstrated
In EPRI lab with SSN Test Harness

— Control functions (Volt/var adjustment, dynamic power
adjustment in response to changing system
conditions) Not Demonstrated, waiting for SEP 2.0

g @ SMUD



Development Environment
SMUD SmartGrid HAN Test Lab

Silver Springs f
Web Interface : - Fronius
(HCM) j Inverter

SSN Network
Servers in San RS422
\ Diego

300VvDC Power
Supply PV
Simulation

7 EPRISEP
SSN 900MHz ///\ Gateway

Mesh

/" |EEE 802.15.4
ZigBee 1.1
Residential

Meter @
Ry
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Testing at SMUD

Test Inverter Output Level to 25%

— Creates an event that starts immediately, has a duration of 10
minutes, and limits the inverter to 25% of maximum generation.
Fronius inverter will reduce output to approximately 1000 watts.

Cancel the Output Reduction Event
— While the inverter is reducing output to 25%, the event is canceled.

Test Inverter Output Level to 0%

— Creates an event that starts immediately, has a duration of 10
minutes, and limits the inverter to 0% of maximum generation.
Fronius inverter will reduce output to O watts.

Cancel the Output Reduction Event
— While the inverter is reducing output to 0%, the event is canceled.

i1 @ SMUD



Testing Continued — Supplemental
Tests at EPRI

* Read Attributes
— Inverter status, Output, Fault Codes

e Read Load Profile

— While each of the tests in the previous slide are in progress, use
the SEP Gateway to read the load profile

12




Equipment

e |nverter

— Fronius IG Plus V
3.0-1 UNI rated at
3kW PV with
maximum power
handling capability
of 4kW

 DC Power Supply

— TRC Model
TCR500T20-1
capable of 500VDC
at 20 amperes
maximum

13




Equipment

« SEP Gateway

— Device constructed
by EPRI to perform
protocol translation
between ZigBee 1.1
to the Fronius
Interface protocol

e Electrical Meter
— Landis & Gyr

« Headend System

— SMUD Silver
Springs Zigbee 1.1
Compliant Netwok
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Test Results and Challenges

* All tests worked as expected excepted for two minor
detalls

e Response time from HCM to inverter through the
network was 2-3 seconds

e Cancellation signal successfully received and acted
upon by inverter BUT the HCM couldn’t display
response sent back from the inverter until 1-2 hours
later

— SSN has been made aware of bug and is working to
remedy

 Using power supply limited the inverter output relative
to nameplate rating due to differences between power
supply characteristics and a photovoltaic source

—-1.7 KW max output on a 4kW inverter

15 @ SMUD



Scope Cont’d

« Evaluate bandwidth needs for end-to-end
communication network (Central Data
Repository/AMI/HAN/Inverter Comm) and determine
scaling parameters needed to achieve appropriately high
resolution PV system data and control commands as a
function of increasing PV penetration

* Report describing demonstration, necessary next steps
for AMI scale-up, barriers to this approach, security
concerns/constraints, latency of data signals on AMI
system, functionality capabilities and constraints, likely
cost of scaled deployment. SMUD authored, with EPRI
iInput

16 @ SMUD



AMI Network Scale-up Issues

o Current limited functionality with SEP 1.1 will be significantly
expanded with adoption of new SEP 2.0 standard

« Bandwidth not a concern for 1X or several per day signals to device
(curtail today, or curtail now for next couple of hours)

* Monitoring infrastructure also capable of multiple signals per day
* Uncertainty around high frequency communication (30 secs — 5
mins) with 10’s of thousands of devices
— True of any mesh network

— Likely some percentage of devices will not receive signal in short
timeframe (5 min dispatch) or possibly at all

— System was not designed with this functionality in mind, so would need
to consider impact of partial communications vs. adding access points
to network

e Security concerns create a barrier to entry, and ongoing cost

— Requires both ZigBee and Silverspring Networks compatibility testing,
re-testing for any inverter ZigBee SEP firmware updates

17 @ SMUD



Additional Related Work (DOE)

* \WWorking on broader report that would
assess multiple pathways for
communications and control functions,
compare against multiple criteria to
provide context for this demonstration

— Report would be written by Navigant with
iInput from SMUD, EPRI, Gridpoint

18




Team

« SMUD

— Obadiah Bartholomy (ER&D), TJ Vargas
(ER&D), Denver Hinds (SmartGrid/IT), Ed
Sanchez (ER&D, IT), Don Jacobs
(SmartGrid/IT)

 EPRI
— Brian Seal, Gary Aumagher, Ben DuPont
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HIP-PV TASK 4:
VISUALIZATION OF
HIGH PENETRATION

PV
@*m

-_?m@

Dora Nakafuiji
Hawaiian Electric Company




Overview

Motivation & Background

New Visualization Capabilities with Focus on
Operations

Continuing Efforts - Learning to Use & Integrate
into Real-time Application (Operations &
Planning)

Timely Collaborations
Q&A

.-." .5;'-- 60 - lllllllllllllllllllll
g ‘ CALIFORNIA " r o" EE‘EI ".3 SMUD @ wauEI:c:LLI;IICum:aﬂ'r


http://www.gosolarcalifornia.org/

This was....

Our Operational View of Wind & Solar....

I‘-.."."".r':
AT Cumulative 20,104 2012, $H944.267
I'l I‘i i-ﬂ‘_l Ii-l J r‘_l 3

Commercial 6,619
Residential 13,486
8.000.000
B Commerdal
B Residential

Total

Exponential
Growth

2,000,000 - ] \ I/
r_"| 1‘] |‘b |!"| ] h " it L - . h 2 = 2 L
W /
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This was....

Our Operational View of Distributed Generation (behind-the-meter)....



Island Loads & Wind Sites

First Wind
First Wind KWP Il — 22 MW (2010)
Kahuku Wind — First Wind
ﬂ .30 MW (2011) KWP | — 30 MW (2006)
Molokai Load Hawi Renewable
~5 MW Development — 10.5 MW

Oahu [®6ad

Maui Load (2006)

~1200 MW ~200 MW

First Wind

Kawailoa Wind — L;R)a e Hawaii Load
70 MW SMW ~180 MW
(2012)

Sempra Generation
Auwahi Wind — 21 MW (2012)

Tawhiri Power
Pakini Nui Wind Farm — 20.5 MW (2007)

Source: HECO 2013 7 . e oy
@ SMUD i SucticCompary g



S Value of Forecasting: Provide a Hedge

Famp Probability Scale (%)
|'__'ID-5D'|{I:E|:I:|3EI--1-EI-5D

P — Can | count on
Sy i ) Wind through
T 1171 B my evening
load rise?

SCADA “historical” No Idea What's

i)

Coming Next

Power Generation (MW)

&

hy

(=]
7’

%,
/’.%j,_

7

Source: SWIFT Project - HECO & AWS Truepower



Value of Forecasting: Provide a Hedge

+16.0

L
Ramp Probability Scale (%) +120 3
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( 20 | \
~ 7
16— —_ e e e e ==
—_ 16 |
g - ] —
= 14}
i e
‘5 12 | S
© g
@ °r  SCADA “historical” =z
o
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g Forecast “Look Ahead’&
Hedge for Decision
ol Making
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Current State 120 §
Source: SWIFT Project - HECO & AWS Truepower ~16.40 9



What We Have — Access Numerous
Databases Across Firewalls

Cyber-security
compliance & -~
standards

Control Layer

Utility SCADA, EMS with
dedicated communcation
infrastructure/protocol

One-way “push” —— o
of information T

v

* Preserving “defense-in-depth” & dedicated
communication bandwidth

» Developing in-house data via a “virtual database”
for planning and improving operations

» Retrieve field monitored data (IP-based, internet,
cellular, etc)

* Inform development of control logic and strategic
planning of resources

'Load &

Customer

;Renewable [GIS

'DR/EE

| Asset

i Fuel

resource

graphical End Use

management, Supply

\ model data/ use, AMI

availability Iayers

programs | contingency

System | Scenario-
monitored | based,

data

A

New Data from field monitors & distributed devices
- Communication: internet, cellular, open protocol

Source: HECO

@SMUD &

Visual interface
for operations
& planning

Hawaiian Elctiie Comgary
Pliwiil Elatsiric Company 7
Hawail Eleciric Light Company



What We NEED to Inform Future Grid

Intelligen | —
telligence System > Status
 Identify and capture known distributed -
resources using LM-1 sensors and DR > Command
needs at the LOCAL level ——
» Employ as available state-of-the-art > Resonse

automation and aggregation at
REGIONAL level — substation level

y System Operation
« Determine required data to communication Icap Banks. = y P

back for SYSTEM level Operational Y
- DSM/STOrage i s s m m m m
Control (i.e. Status, Command, Response) [ orage == -l

* Distribution Stipnstation (12kV)
Regional Aggregator / Fast DR [«

it

Goal: Inform development of simulation
and control strategy for strategic
placement of “smart” technologies with .
LOCAL level responsiveness ‘




Diverse Data Sources for Renewables

Forecasting data :
& parameters - Local DG Produgtlon

Instrument Measurements City Island PV Plant MVAR

SoDAR U, VW, TI,TKE Naalehu Big Island 0as Cloud variability BV PR MW
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° / | e
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: o
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Need for New Visualization Tools

Renewable Database & Analytics

— TREX developed to gather RE data (SCADA and non-SCADA)
into a common format for analysis and planning

— Applied for outage investigation and informing planning strategies

Locational Value Maps
— Provides Visual on Penetrations by Feeders
— LVM online provides public access to penetration by address

Renewable Watch

— Provides a view to the value of renewables by time of day
— Educating workforce on RE variability and system impacts

Alstom & Siemens Ops Displays

— Provide Operators a view to the behind-the-meter DG
generation

— Enable real-time renewable forecasts for system dispatch

,:g“\'-'-."':é‘-. ™ Hurwallan Elpetie Camgary
u‘ﬂ s M u D Msui Elssirie Company 10
N Hawail Electric Light Company



@ TREX: RE Data Architecture to Bridge across Data
Networks, Integrate Data, Support Analytics

System Operations Corporate LAN Public
i \ }
{ | |
RE Field RE
Monitored Forecast
Data Data

Evis CTREX
SCADA Subset
Grid Operators and Planners and Modelers and :
Grid Monitoring Data Analysis Forecasting iu blll_o Vg_feb
Tools Tools Tools pplication

AAAAAA

....................
@ SMUD' § izt
Haws Elecr LhCurﬂpa




LVM: Visual Tools for Tracking Exponential DG
Growth on Hawaii Systems

HECO Locational Value Maps Trending Penetration Levels

(www.heco.com) 0% - 1%
Value Added: 1% - 5%
Graphical view of ig’:/' 1‘;‘:‘;}
0 o - (1]
PV penetration > 150/
Sl - A | Data as of

More effective
data handling,
mining and *
statistical analysis

tools

Transparent tool

to see and trend

change

December 2012

Source: HECO

Red areas indicate circuits with > 15% PV penetration

fe”""? ™ Hawailan Elactrie Campary
'_‘.}: Pliwiil Elatsiric Company 12
p Hawail Eleciric Light Company



http://www.heco.com/

Renewable Watch: Seeing the Value of

Renewables in Real-time

Renewable Watch - Today

The 'Renewable Watch - Today' window is updated every 15 min, and the 'Renewable
Watch - Yesterday' provides yesterday's System information.

8:37 PM Information
May 23

£, Below Are Descriptions of What is Currently Displayed:
gl Net System Load : System Load Served By HECO.
Cenltral Dahu Solar Imadiance
L Gross System Load: Net System Load + Load Served By Behind the Meter PV,
West Oahu Solar Irradiance: Solar lrradiance [W/m®2] Measured at Reference Substation

ross System Load in West Oahu.

South Oahu Solar Irradiance: Solar Irradiance [W/m”2] Measured at Reference Substation
in South Oahu.

Central Oahu Solar Irradiance: Solar Irradiance [W/m~2] Measured at Reference Substation
in Central Oahu.

; «}r__ o |J Kawailoa Wind Production: MW Production at Kawailoa Wind Farm.

‘ F I ‘]\ Renewable Watch - Yesterday

Yesierday's Gross Sy siem Lo

e

. ;E?y — Renewable Production

81/71 °F ‘

5 f Central Solar MW Wind (MW)
Mostly sunny with

haze. (] 3.3
i " Tomorrow
*‘ 82/71 °F
walll

- Partly GIQUUY with East and North Solar Coming Soon... |
isolated rain.showers. . 5

i o "
Sty Hawaiian Eleclmc Company
-" 82/71 °F :

Partly cloudy with
isolated rain showers.

v/ N, Hurwailan Elsetie Campary
{ 1 ' | Ml Elmeciric Company 13
—I lﬂ-..f 4 Hawsil Electric Light Company




Pulling it Together — Application in Real-time
EMS Automation DNV/AWS/Siemens & Alstom

NEW Forecasting INPUTS: Traditional input sources
- Real-time renewables forecasts * SCADA data
- Ramp probabilities * Transmission data WinasEnsE
- Historical and actual trends * Generator data %
- Satellite images, weather data * Protectiondata @ | @ =
- * Others
Source: HECD & Siemens SOISSENSE
; Co IEMEn /_Svstem Ops EMS \ _Um_jﬁﬂesgr

Industry

NEW distribution
managememnt & sinufator
capability

"~

CALIFORNIA

ENHANCED Renewable Integration @® SMUD
NEW RE'”E'Wﬂb-"EfDG INPUTS: Cagabfﬁﬁesj =
- GiS-based distribution - Operations & Planning with
infrastructure (models) visibility to DG resource impacts (._‘
- DG locations - Updated state-estimator and | V
- Field monitored data simulation capability to evaluate
-  Modeled results actions & impacts E.Lilﬁ%tl;!!!pn 14



http://www.gosolarcalifornia.org/

Ops Integration Summary

Purpose: Integrating real-time DG and RE forecast data into
Operations

Challenge: Inertia to Change, Lack of Confidence &
Understanding of Needs

Approach

— Work directly with EMS vendors to get direct user feedback (VWhat
works & What Won't)

— Develop a sustainable and secure process that updates DG data and
state-of-the-art, real-time RE forecast updated
Benefits

— Improve management of PV variability and unit commitment with new
field information

— Reduce costs (reserves, heat rate, curtailments)

— Engage and build workforce & vendor confidence to change

,:f"n'_'-'."':é‘-. ™ Hurwallan Elpetie Camgary
q..j: s M u D Ml Elesiric Company 15
N " Hawail Electric Light Company




Leverage Models, GIS Tools & Forecasts

DG Data

— Use standard CIM transfer protocol to rapidly import the GIS
DG information into EMS tools

— Leveraging GIS and planning models to account for DG

Real-time Forecast
— |5 min look ahead
— Outlook extended to 6hrs and 48hrs
— Probabilistic forecast

— Local, regional and system look ahead

,:g“\'-'-."':é‘-. ™ Hurwallan Elpetie Camgary
u‘.} s M u D Msui Elssirie Company 16
R Hawail Electric Light Company



¥ Upgraded Models to Account for PV as
lL/ Generation NOT as Negative Load

Enables more accurate modeling of DG resources for planning

Consistent distribution system model expedites modeling and analysis process
Allows for “what-if” analysis to stay ahead of system change and minimize risks of
stranded assets

Recommended Representation of PV for
a Transmission Analysis

System
GEN
Sources

Wind Mocdel Power
Electronics Config

Transmission 138 kv
Transmission/Sub- l
Transmission XFRMR Translate feeder

level impacts to

— 46 kv system level
Inverter/Gen PV l o
Model - Central 3 Sub-Transmission/
Phase Distribution XFRMR
46712 kv
Inverter/Gen Model =
Dist 3 Phase N Load at 46/12 kY

Inverter/Gen Model - Substation

Dist 1 Phase




Real-time Solar & Wind Integrated Forecasting
Technology (SWIFT)

Estimated Irradiance (W/MA2)
Forecasted 80m Winds (m/s)

20130223 st 1346 HST
40 Maler Wind E-I:rnm::.l'l."Er_ Im's] e

1LE.|.‘!|II'H.‘.|: Febh-23 "'!..-[‘.;1—.-4-'.:'-1}"?—.!

e . e N B R R

.|1-11|1I|

m/s 0
Source: SWIFT Project - HECO & AWS Truepower

140 280 420 560 700 840 980 11201260
- — --WIm2

T [

S — 18



Learning to Use Solar Forecasts:
Region 7 Aggregated Visual

Solar Power Production (MW) Forecast for Oahu in 15-minute Intervals

Forecasted Pouwer Generation

16

. PEd
C P24
B P25
 m—

Region 7 Aggregated by
Electrically Connected
Substations

14 -
— o ]
== P41
P44

=== P70
12 -

18

FPoser (HH}
=
T

[ivired Fss Locations| [Soli Sub-Exatisn Locatir|

Al .- AWS Truepower™

ere science delivers performance,

Source: SWIFT Project - HECO & AWS Truepower 0630 HST 3/15/13 Forecast 19



Jumpstarting Solar Forecast:

System-wide Aggregated by Regions

Solar Power Production (MW) Forecast for Oahu in 15-minute Intervals

140

120

100
Aggregate regional forecasts
to create System PV
(large+DG) forecasts

Power (MW)
8

Source: SWIFT Project - HECO & AWS T;'a ower &

Forecasted Power Generation

System Aggregated by
Regions

8
(=

TIME HHMM (HST)

0630 HST 3/15/13 Forecast

;"“ \& ™ Hawailan Elactis Camgary
@ SMUD” § =xsmsr
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“Seeing” DG PV Contributions on the

System (Net vs Gross)

HECO System Load Curves with 100 MW of PV
Week of Oct 08, 2012 — Oct 12, 2012

1400 7

1200 +

1000 -+

400 -

System Load (MW)

—— Load + PV
— Net System_Load

200 +

5o
f‘\ ffl I? I? b h-“‘ .h- &} é} é} {P éh ,:P x? b‘“’ Pl .1:?"9 .u.""g ﬁé} .ﬁé} .ﬁé} tf"éj .-.E"IP t:""@
h t- Qc:. K {a _;,9- n“s u ,.3»- A : : ? ’ : :

ﬂ*@qaoqaaﬁ,«,

3§ Source: HECO 2012 Time
L/ f’.) SMUD' @ bl g

Hawail Eleciric Light Company
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%ﬁ | Providing Operational Awareness of DG
1\/ Production & Forecast

%

No printer
File Displays Controls View [Hg

SIEMENS R

DIST 10/14
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DIST 10/14
DIST 10/14

[

rum P TG ‘Q £ O A
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Forecast File Features

Solar forecast for each substation
Wind/Solar forecast for each utility-scale facility

Header will include facility name, substation name, and
SDB forecast short name
» Terminology may vary

» Format of header file may vary

Each forecast will include explicit probabilistic forecast
values

> 0,20,40, 50, 60, 80, 100% Probability of Exceedance
Each forecast will include 4 Levels of Up Ramps

Each forecast will include 4 Levels of Down Ramps




AWS Forecast Format — Mapping GIS to
EMS

| A B C D E F
I 1 GNet Name SDE Sub Name InSDB? Short Sub Name (For Forecast Tag) ) [:-esignalm" Forecast Tag D
| 36 FIRST WIND KAHUELU WIND FARM KAHIPA yes KAHIPA 0 KAHIPA_O<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>