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Operational Concerns (PV Power Variability)
Monitoring and ensuring resource adequacy
Frequency regulation
Voltage regulation
Impact is highly location dependent (urban vs rural)
O&M impacts

Engineering / Planning
Capacity planning (size, location, time, guaranteed production)
Volt/ VAr planning
Conservation Voltage Reduction impacts
Electrical models
Transient analysis tools

Regulatory
Rule 21
Rule 2 S_«M;E
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Voltage
Overvoltage
Voltage fluctuations
LTC/regulator/cap bank impact
Unbalance

Protection
Unintentional islanding “potential”

Load mismatch
Interconnect transformer connection

load rejection overvoltage

Reverse power (directional relaying)
Voltage events

Frequency events

Operational
Intermittency/Variability
Observability/ Monitoring
Forecasting PV levels
Off Peak production

Demand/Energy

PV impact on peak
demand/load growth

Annual losses
Annual energy consumption
Impact on CVR

Thermal overloads

Power Quality
Harmonics
Flicker
CEBMA Violations

Utility Safety Practices
Lineman practices
Hotline/deadline work

Improved mapping and tracking
of PV to ensure safe%g,
St
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Technical Studies simulating high levels of distributed
generation

EPRI High PV Penetration Study —
Evaluates increasingly high levels of PV Penetration

Includes monitoring of PV generation along actual distribution circuits and
simulation of actual intermittency

Models customer load and generation for all hours of the year

Includes evaluation and optimization of energy storage to mitigate impacts
of high PV concentration

Evaluate benefits of using Smart Inverters for PV
Quanta Technologies Study — Evaluates Transient and Dynamic
Impacts of distributed generation (high PV concentrations)
PSCADD - Detailed modeling of inverters
High PV Penetration study with DOE and UCSD |
Simulates SDG&E distribution circuits LM;E
Conducted by EDSA A’ Sempra Enerey uiy



Daily PV
Generation
(2/123 - 3/10,2

Variability
within a
typical day
(2/28/10)
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SDG&E Rule 21

2 http:/iwww.sdge.com/tm2/pdf/ELEC_ELEC-RULES_ERULE21.pdf - Microsoft Internet Explorer provided by Sempra Energy
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Table D-1: Voltage Trip Settings
Voltage at Point of Common Coupling Maximum Trip Time [7]
# of Cycles
Assuming 120 V Base % of Nominal Voltage (Assuming 60 Hz Seconds
Nominal) |
Less than 60 Volts Less than 50% 10 Cycles 0.16 Seconds
Greater than or equal to
60 Volts but less than Gn::;ater than or equaloto 120 Cycles 2 Seconds
50% but less than 88%
106 Volts
Greater than or equal to Greater than or equal to
106 Volts but less than 88% but less than or Normal Operation
or equal to 132 Volts equal to 110%
Greater than 132 Volts Greater than 110% but
but less than or equal to o 60 Cycles 1 Second
less than or equal to 120%
144 Volts
Greater than 144 Volts Greater than 120% 10 Cycles 0.16 Seconds
[1]  “Maximum Trip Time” refers to the time between the onset of the abnormal condition and the Generating Facility ceasing to
energize SDG&E’s Distribution System. Protective Function sensing equipment and circuits may remain connected to SDG&E’s
Distribution System to allow sensing of electrical conditions for use by the “reconnect” feature. The purpose of the allowed time delay
is to allow a Generating Facility to “ride through” short-term disturbances to avoid nuisance tripping. Set points shall not be user
adjustable (though they may be field adjustable by qualified personnel). For Generating Facilities with a Gross Nameplate Rating
greater than of 30 kVVA, set points shall be field adjustable and different voltage set points and trip times from those in Table D.1 may
be negotiated with SDG&E.
(Continued) -
S‘EUX?IEU(‘ETFEJ leciiad hy Nata Filad AII{‘T 12 ')nn?;,;l SDGE
Done 83 Unknown Zone A - —
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SDG&E Rule 21

_ff http://www.sdge.com/tm2/pdf/ELEC_FIEC-RULES_ERULE21.pdf - Microsoft Internet Explorer provided by Sempra Energy
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T RULE 21 Sheet 13 [ *
INTERCONNECTION STANDARDS FOR NON-UTILITY OWNED GENERATION

D. GENERATING FACILITY DESIGN AND OPERATING REQUIREMENTS (Continued)

2. Prevention of Interference (Continued) N

Table D.2: Frequency Trip Settings |
Frequency Range

Maximum Trip Time [71]

Generating Facility Rating (Assuming 60Hz Nominal) (Assuming 60 Cycles per Second)
Less or equal to 30kW Less than 59.3 Hz 10 Cycles
Greater than 60.5 Hz 10 Cycles
Less than 57 Hz 10 Cycles

Less than an adjustable value between
Greater than 30kW 59.8 Hz and 57 Hz but greater than 57
Hz [2]

Greater than 60.5 Hz 10 Cycles

[1} — “Maximum Trip Time” refers to the time between the onset of the abnormal condition and the Generating Facility ceasing to
energize SDG&E’s Distribution System. Protective Function sensing equipment and circuits may remain connected to SDG&E’s
Distribution System to allow sensing of electrical conditions for use by the “reconnect” feature. The purpose of the allowed time delay is
to allow a Generating Facility to ‘ride through” short-term disturbances to avoid nuisance tripping. Set points shall not be user
adjustable (though they may be field adjustable by qualified personnel). For Generating Facilities with a Gross Nameplate Rating
greater than 30 kVVA, set points shall be field adjustable and different voltage set points and trip times from those in Table D.2 may be
negotiated with SDG&E.

Adjustable between 10 and 18,000
Cycles. [2, 3]

[2} — Unless otherwise required by SDG&E, a trip frequency of 59.3 Hz and a maximum trip time of 10 cycles shall be used. -
[3} —When a 10 cycle Maximum trip time is used, a second under frequency trip setting is not required. Jﬂ SDGE
850%1L0001n 4 | »
Dane &4 Unknown Zone R —
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3 phase, large capacity, large conductor primary voltage
«300-500 kVA service transformer
e|_arge secondary network
*Obliged to provide a technically appropriate PCC for PV connection
*25% of cost on UDC
*Not measuring granular voltage and current data
*\/oltage regulation issues on secondary network
Low load, high PV output
«Solution network upgrades
*German Grid Code
*Require PV systems to support the grid
*Minimize network upgrade costs

SDGp

)
A @'Sempra Energy’ utility
N



*German Grid Code

*Minimize network upgrade costs

eDynamic grid support
«Stay connected during faults
«Support voltage by providing reactive power during faults
«Consume same or less reactive power after faults

*Active power control
*Modify power output in response to frequency

*Reactive power control
*Adjust reactive power throughout the power factor range

SDGp
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German Grid Code — Low
\Voltage Ride Through

lower value of the
borderline 1 ) voltage range
U, 4 borderline 2 = 90% of U,
I o? ; |
7085 =1 —-—rllllllnlh!------ ;
- i
. Underneath the blue line
= i i | there are no requirements
45% -} -E> oo 1O FEMIN Grid cONNEcted.
30%
15%-+-+4
0150 700 1.500 3.000 time in ms
fault occurence
Fig. 1. Lmmiting curves of voltage at the grid connection point for a
. iy- . - -
generating facility of type 2 mn the event of a network fault [1] SDGp
—

=)
E. Troester, “New German Grid Codes for Connecting PV Systems to the Medium Voltage Power Grid”, 2" International Workshop ~ * 6Sempra Energy’ utity
on Concentration Photovoltaic Power Plants: Optical Design, Production, Grid Connection



German Grid Code —
Dynamic Grid Support

dead band

dead band limits

additionally required
current AL gfI

A

limitation of voltage
threugh voltage contral
(under-excited operation)

Alg/l
k= —* =20p.u.
AU/, P4
control re- < 20 ms

sponse time

voltage support
according to characteristic
after return to voltage
dead band over

Fig. 2.

Urae = 1.1U, | -
* } | additional 500 ms
Unn = 0.9 | i
| I T 1 | >
-50% o 10% 20% decrease or
voltage support through 5 rise in voltage  aU/U,
voltage contral - explanations:

) U, nominal voltage
(overexcited , U, voltage prior to disturbance
operation i U instantaneous voltage

' (during the disturbance)
! I, nominal current
.............................................................. +-100 Iz, reactive current prior to dist.
I, reactive current
AU=U - Ug; AL, =1, -1

Principle of voltage support in the event of network faults [2]

E. Troester, “New German Grid Codes for Connecting PV Systems to the Medium Voltage Power Grid”, 2" International Workshop

on Concentration Photovoltaic Power Plants: Optical Design, Production, Grid Connection

i
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fretwork . frework AP
AP-M*inHz
AP=20 p,, 22:2HZ et 4 50, Hz < fu < 51.5 Hz

50Hz

P, instantaneously available power
Ap power reduction

fewore NE€tWOrk frequency

:r;thin the range 47.5Hz < frework< 50.2 Hz no limitation

at fnetwarks 47.5 Hz and fnem'urkz 51.5 Hz disconnection from the grid

Fig. 3. Active power reduction of generating units m the case of
overfrequency [2]

.
S0%

E. Troester, “New German Grid Codes for Connecting PV Systems to the Medium Voltage Power Grid”, 2 International Workshop ~ @S‘empra Energy”utiity
on Concentration Photovoltaic Power Plants: Optical Design, Production, Grid Connection



German Grid Code —
Reactive Power Support

CoS ¢ A
e R e e .
9 l
L |
= :
x I
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o I
3 |
D I
1 l >
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Z T p/P,
> '
X I
o |
@ |
2 |
: |
= |
0,95 ~fommmmmmm oo .
Fig. 4. Example of a cos ¢ (P)-characteristic [1] SDGEI
—
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E. Troester, “New German Grid Codes for Connecting PV Systems to the Medium Voltage Power Grid”, 2" International Workshop ~ * 65””[’“1 Energy’ utity
on Concentration Photovoltaic Power Plants: Optical Design, Production, Grid Connection



Reactive Power Supply Approaches
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B Central optimisation by distribution system operator — set values to PV
Source: T. Stetz (IWES)

Martin Braun

LIntegrationg PV in the local distribution systems - Germany™ 18
|EA PAPS Tazk 14, 2nd Experts Mesting, Workshop

Golden, 0, USA 1 December 2010
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I Hew Project - Policy
I Policy Goal I tew Project - value

& snmienywr CUSTOMER EMPOWERMENT — i

% SDGEE Smart Gridvision N Enterprise Project

SHGE Iz 3 45 ¢ 7 8 o 2011 5Smart Grid Roadmap Key m—in Flight Project

Figure 6-4
g Q000 users of anline energy tools B zZ=ro net enengy—100% new
. A — " residential construction
Bl Economic ped 17,000 MW peak reduction B 30% GHG emissions reduction to 1990 levels

B 1% GHG ernission reduction

B 12,000 MW peak reduction Default dynamic electric rate— small commercial customers B 20% reduction in non-petroleum fusl use

Optional dynamic electric rate - residential customers B 33% Renewable Portfalio Standard
260,000 PEVs
I Provide usage data

10,000 customers using online 225000 distributed renewables customers

energy tools V168 MW PV (CEC) SDG&E Smart Grid Vision: by 2015

13,000 customers, 49 MW »60,000 PEVs

residential /90 MW total ﬂ Customer education and outreach programs

distributed renewables 10% EE reduction from 2008 are proactively engaging custerrers through
C51: 3,000 MW of distributed salar multiple channels

£k SDGEE and third parties are providing HaNs and
other customer premise network capabilities,
prowiding customers real time feedback an
power consumption and energy pricing

Provide real or near real-time access to usage data
1000 PEVS

SMART METER £ Standardized/reliable customer specific interval

usage information and time differentiated
price signals are available, enabling custamers

DEMAND RESPOMNSE PROGRAMS~PREVIOUS CYCLE| SMART GRID DEMAND RESPONSE PROGRAMS ’l‘j" ”I‘al“ informed and cost-based energy use
5 Eelslans

HOME AREA NETWORK INFRASTRUCTURE & LAB €% Customers can choose among multiple energy
information services and providers

SDGAE Smart Grid Vision: by 2020

£ Customers are provided near-real time signals
wia price and event triggers enabling a balance
of supply and demand

ﬂ Widely adopted standards create a ubiquitous
market of plug-and-play network devices in

CUSTOMER ENGAGEMENT & OUTREACH I;:E |II'I|IE'55E'5 and homes, including multi-unit
ellings
CUSTOMER & OTHER STAKEHOLDER ENGAGEMENT CAMPAIGN &F SDGLE is providing options and tariffs for
| customers to sell generation using distributed
SIIE'-LE VIEW IJF CUSTOMER mEm MANAGEMENT ENHANCEMENTS energy resources, electric vehicle to grid, or
energy storage discharge

EOIHSUHEII PORTJI.L DIGITAL ROADMA P=0ONLINE PHESEHEE
[ N £} Microgrid and other technologies give customers
ENERGY INMOVATION CENTER more reliability options

2006 2010 2015 2020 www.sdge.com/smartgrid
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,S‘EGE 2 3 I s ¢« 7 a ¢ 2011 Smart Grid Roadmap Key m—in Fligh Proect

I tew Project - Policy
I Policy Goal I Hew Project - Value

S RELIABILITY AND SAFETY e

W% SDGEE Smart Gridvision N Enterprise Project

FIEUFE 6-7 Q000 users of online energy tools
I Economic DR at 5% of peak 17,000 MW peak reduction
B 1% GHG emission reduction Default dynamic electric rate - small cornmercial customers Bl Potential energy storage targst
B 12,000 MW peak reduction Optional dynamic electric rate - residential customers Bl Zero net energy—100% new
Provide real or near real-time access to usage data residential construction
— B 30% GHG emissions reduction to 1990 levels
5 B Potential energy storage target I 20% reduction in non-petroleum fusl use
»25,000 distributed renewables customers - 33% Renewable Portfalia Standard
B Frovide usage data »168 MW PV (CEC) »260,000 PEVs
10,000 customers using online 260,000 PEVS
enengy tools
13,000 custorners, 49 MW residential’ 10% EE reduction from 200&
Q0 MW total distributed renewables 51: 3,000 MW of distributed salar

(FROM 1980s) SCADA AND T&D AUTOMATION

ADVANCED VISULLIZATION
METHODS

SRTER SMART ISOLATION & RECLOSING
' ]
CONDITION-BASED MAINTERARCE EXPANSION

ADVANCED WEATHER STATION INTEGRATIONS/FORECASTING CAPABILITIES

SDG&E Smart Grid Vision: by 2015

£ sutomatic fault detection, isolation, and service
restoration capabilities are being enabled,
requiring minimal human intervention and
leading to improverment in outage restoration

£ Cost-effective energy storage—either utility,
customer, or third party owned-is helping to
resohve voltage regulation, voltage flicker, and
intermittency of renewable resources

SDGELE Smart Grid Vision: by 2020

£} SDGEE is enabling differing levels of reliability,
based on customer needs/preferences for self
sufficiency (particularty for Chl customers)

D¥MAMIC VOLT/VAR FOR TRANSMISSION RELIABLITY
| | | £¥ Synchrophasordata is being used to assess

COMPOSITE CORE COMDUCTOR (TRAMSMISSION SWITCH CONVERSION TO SCADA the condition of the grid and respond to changes
(TRAMNSMISSION) before they become problems

ﬁ Highly reliable network services are deployed to
targeted areas to ensure continued awvaila bility
for mission critical applications

REAL TIME TRAMSMISSION
VOLTAGE STABILITY PROGRAM

2008 2010 2ns 2020 www.sdge.com/smartgrid

& i 200 San Mo Gan B Betric Company. Al copyr it 2o 03 ermankc 1 i s ras anved



SDG&E Borrego Springs Microgrid Project
Demonstrate controlled islanding and load/DG balancing
Real Time Optimization and control of DG and energy storage
Automatic Volt/VAr control, feeder automation

Power Quality Field Measurement and Analysis Project

Field data collection of distribution steady state and transient voltages on
distribution circuits with high levels of DG

Data analysis and evaluation of DG impact

Dynamic voltage support project on distribution circuit with known
voltage regulation issues due to high levels of DG

Contracted General Electric to conduct analysis to size and locate dynamic voltage
support devices

GE to install dynamic Var device to evaluate feasibility and benefits

Energy Storage Projects to Mitigate Impacts of DG
CEC funded Projects
EPRI demonstration of CESS
SDG&E Smart Grid Energy Storage projects

i
S0%
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General Rate Case Smart Grid Projects ($ 54 Million* — Yr 2012)
Distributed Energy Storage ($ 34 Million*)
Dynamic Line Ratings for distribution ($ 4 Million*)
Synchrophasors for distribution ($ 8 Million*)
Dynamic Voltage support ($ 3 Million*)
Distributed Energy Resource Management System ($ 5 Million*)
Smart Grid Deployment Plan

* Costs shown in 2009 dollars, unloaded. Cost to mitigate 120 — 130
MW of PV on SDG&E system in yr 2012, does not include T&D
costs of meeting 12,000 MW PV goal by 2020.

i
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Existing Rules require modification to accommodate high
PV penetration

Draft IEEE 1547.8, IEC 61850 can be utilized today
Similar to German Grid Code

Actual field measurements and modeling are important
part of the solution

Adopt lessons learned in European countries
Need randomization of re-connect times

SDGp
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Thank you.

Thomas Bialek

Chief Engineer, Smart Grid

tbialek@semprautilities.com
www.sdge.com/smartqrid/
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