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Premier Gardens Distribution
System Study 2006-07

 Distribution system-level and system-level impact of two

subdivisions:
— Cresleigh Homes- SMUD Advantage Home Gold features (30%
reduction in cooling energy)
— Premier Gardens — SolarSmart requirements (2.03 kW PV)

 Performance data collected from:

— 15 minute demand, generation, and voltage data on 18 Cresleigh
Homes and 18 Premier Gardens homes

— Secondary current, voltage, and power at each of two distribution
transformers

— Voltage, current, and power on circuit 1204 (one of two feeders
that supply the development) at Goethe-Mayhew substation
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Presenter
Presentation Notes
Cresleigh Homes had better efficiency measures, and theoretically should have consumed less energy, but in most months they consumed more than Premier Gardens homes.  The Cresleigh Homes are generally larger than the Premier Gardens homes, but it is believed that the primary difference is in the energy consumption habits of the respective occupants.



Because the Premier Gardens homes have PV installed, their net load on the grid was considerably less than Cresleigh Homes were.


Premier Gardens PV System

95-unit ZEH subdivision
e 50-60%> 01 T-24

e 2.03 kW, PV System

» 48 GE Energy GT 55 BIPV
Modules, SMA 2500 Inverter

98-unit Cresleigh Homes

— 20%> 01 T-24 (30% Cooling
Energy Savings), Non-PV

e /50kW peak demand

e Served by 12.5MVA/12.47kV/substation
transformer

— <10% of the load served by the substation transformer
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Presenter
Presentation Notes
We don’t know what proportion of the energy consumption the home buyers were told the PV systems would generate.  However, on average they generated 47% of total Premier Gardens demand.

Building Integrated PV


Diagram of Primary Distribution System
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Presenter
Presentation Notes
More explanation on next slide.



Measurements taken at Substation, and at secondary side of two transformers.



Note that no diagram of the secondary service laterals supplying individual houses is shown.  These usually consist of two or three laterals connected in parallel at the distribution transformer secondary.



750kW peak demand of the Premier Gardens/Cresleigh Homes development is served by a 12.5MVA/12.47kV/3phase transformer (Bank 2) at the Goethe-Mayhew substation.  

Individual-phase-to-neutral circuits from two 3-phase primary distribution circuits (1204 and 1205) supply the development.  

This infill development comprises less than 10% of the load served by the substation transformer.

Infill development is very close to the substation.  Feeders serve combination of residential and commercial loads.




Premier Gardens Load Data
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e 15 min load for 18 homes

 Individual customer loads highly volatile
— Red represents max for all homes
— Blue is min.

« Average resembles system wide profile
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Presenter
Presentation Notes
Significant Load Diversity in Household Loads



This graph shows the highest individual demands among all houses in red, while the average load is shown in black.  The actual load at the transformer is ten times the black line, because there are ten houses.



While the load at an individual house may be three times the average load, the fact that loads turn on and off relatively randomly means that the average load is actually relatively smooth and predictable, and is much smaller than might be supposed if the only information available was maximum load at individual houses.


PV Generation Profile

SMUD Premier Gardens PV Generation Data
August 30, 2007
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e 15 min PV output for 18 homes
South, SW, SE orientations evident

* Average Is lower peak but slightly broader
output than individual
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Presenter
Presentation Notes
Limited Diversity in PV Generation



This shows the effect of orienting the PV array south, east, or west.



The south orientation maximizes energy production, while the west orientation provides maximum generation near the system demand peak.  There are currently no incentives for the system 



The PV generation for a given orientation shows virtually no diversity... all PV systems produce about the same relative output at the same time.  


Premler Gardens Net Demand
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Presenter
Presentation Notes
Daily Load Profile Impact by PV

This graph is derived from the 15-minute demand data from 18 meters randomly placed throughout the Premier Gardens development.  The power flow through the transformers does reverse during the middle of the day, but the magnitude of the reversal is lower than the magnitude of the peak demand.



Because there are two are three secondary laterals from a transformer, the conductors  to a house are generally sized for three or four houses’ average load.  This ampere rating is about the same as or somewhat more than the peak load for a single house.  While the PV output from a system sized to match annual energy load may reach double the average load from a house, it is unlikely to exceed the maximum load for a single house due to lack of PV diversity, so the PV output might be expected to generate a voltage rise no worse than the typical peak voltage drop.




Feeder 1204 Demand Profile

Feeder 1204 Demand around August 2007 Peak

—— Feeder Load —— System Load
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 Real power demand at feeder is diverse (smooth)

» Local feeder Peak time is similar to system peak
— Residential peak is usually later than system peak
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Presenter
Presentation Notes
Commercial loads move the system peak earlier in the afternoon.  PV has a slightly better peak match with commercial loads than with residential loads, but residential loads tend to have more roof area per unit load than commercial (single family residential is usually single story... multiple stories leads to less roof area per unit of floor space under the roof).



This does not mean we expect a transfer of energy from residential areas to commercial areas in the afternoon, but the PV generation in residential areas will reduce residential load and make more conventional generation available for commercial use.


Voltage at the Substation

Feeder 1204 Voltage Profile around August 2007 Peak
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« Random voltage in short term
« Voltage trend rises due to LTC action around evening peak
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Presenter
Presentation Notes
The magnitude of the random variation arising from capacitor switching and transmission line variations is noticeable.  In fact, it turns out to be more significant than the PV voltage impact.


Single Phase Substation Voltage
(120V Basis) vs. Current
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Presenter
Presentation Notes
Although the preceding graph looked random, there is a pattern in there. The Substation Automatic Load Tap Changer (LTC) increases the window of voltage operation as the combined Feeder 1204 and 1205 load increases



Voltage may change freely within a 3 volt window.  Variation arises primarily from random large loads and capacitor switching



Increased PV production will cause the net demand to drop, so the LTC will cause the primary voltage window to DROP (observe effect of a vertical line moving from three hundred to two hundred amps) in response to increased PV generation



Note that maximum primary voltages are obtained at night due to LTC action, not daytime when PV is generating.  Residential loads peak in the evening after people return home from work.


®)
Voltage and Demand at 1K7 Premier

Gardens Distribution Transformer

- — Transformer Voltage — Transformer Load per House \ 3

Voltage (V)

|
T i T
o [l N w

Power per House (kW)

e Voltage drops in afternoon as demand rises

« Small reverse power flow at midday

— More reverse power flow in Spring when loads are
lower
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Presenter
Presentation Notes
LTC action is intended to combat the end-of-line voltage drop that high demand creates.



The blue line is actually remaining high later than it would without the PV generation.


o

Voltage Rise in the Secondary Wiring
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Presenter
Presentation Notes
Note power flow reversal in lower plot.  Secondary voltage remains high during PV generation.


Voltage Rise at End of Tap on
Premier Gardens Transformer 1K7

Voltage Rise at End of Secondary 1K7-Tapl
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Presenter
Presentation Notes
The vertical axis shows the service voltage minus the distribution transformer secondary voltage.  Under normal conditions the service voltage is lower than the transformer voltage, so most of the data are negative.



As expected, the impedance between these measurement points means that there is a correlation between demand (or production) and voltage drop.  However, the actual voltage at the service is more strongly affected by the voltage variations at the substation than by the voltage drops through the secondary, even though the secondary voltage rise is the most visible impact of the PV contribution.



In fact, the peak secondary voltage rise occurs during midday, while the LTC voltage control action is still near the middle of its range, so it is unlikely that the PV voltage rise is going to combine with the worst case primary voltage at all... that is, the highest service voltages are actually obtained when the PV output is low due to normal system operation.


Voltage Impacts on Distribution System

PV output from Premier Gardens (190kW of
PV, 6MW feeder = 3.1% penetration) had an
Indiscernible impact on substation voltage

—voltage regulation action of the substation
load tap changer.

e 50 kW distribution transformer with 20.3kW of
PV (40% penetration) showed a relatively
benign voltage rise (0.2V /120V = 0.16%).
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Presenter
Presentation Notes
Summary of voltage impacts


o

July 2007 Estimated Solar Contribution
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Presenter
Presentation Notes
PV output drops in late afternoon, but is usually still significant at time of system peak demand

West-oriented PV improves impact on system peak

but no incentive to choose that orientation



Note that there is some liberal scaling in this chart, since the system demand is orders of magnitude larger than the solar output.  However, the intent is to show what fraction of the rated residential rooftop PV system output will be available when the time of the peak occurs.



System rating is for relatively optimistic operating conditions: cool, with sun normal to roof. Actual operating conditions include increased temperature because 90% of the solar energy heats the panels; they are mounted integral with the roof (poor cooling), and sun angle is not optimal (low roof pitch). Thus, the actual output is only 75% of ac rating.



Big question is how much solar will be left when the peak occurs... between this peak and the August peak described in the paper, it is clear that a significant fraction of the solar output was available at peak demand during 2007.



Note that another way to improve late afternoon production is to use tracking PV installation, which is more common in central-station PV than in residential rooftop applications.


Impacts on System Peak Demand

¢ 40% - 53% of rated PV output during July system peak
(17:00)
e 33% - 51% of rated output for the August peak (17:00)

 West-facing system would produce less annual energy
but would be more optimally oriented for afternoon sun
producing:

— 58% - 64% of rated output during the July system
peak

— 56% - 66% of rated output during the August peak

« Significant amount of PV capacity available to address
system peak demand

— can be roughly translated to system-wide production
for fixed orientation PV systems
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Conclusions

e Distribution system impacts were non-
existent

— Minimal voltage rise at the substation and
transformers

e Potential for significant system peak
demand reduction
— 40-58% of rated PV capacity @ system peak
— PV capacity is still growing
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Presenter
Presentation Notes
Answer only if questioned: Statistical variation of demand peak time may reduce system impact significantly.  Also, as more PV is used, net demand peak will naturally migrate toward later time of day.


Joint NREL/SMUD Anatolia
Research Project

e 2 year study begun March, 2008 to evaluate
Impacts and benefits high penetrations of
residential PV systems:

e 795-home community will have 600+
SolarSmart Homes, each with ~ 2.0 -5.0 kW __
PV system (only 240 homes built, so far)

* Analyze distribution impacts of high
penetrations of grid-integrated PV-equipped

SolarSmart Homes
— reverse power flow from exporting PV systems
— Peak impacts
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SolarSmart Homes

« High Efficiency (60%> T-24) + PV
— 50-70%+ reduction in annual
electric consumption
— 20-25% reduction in annual gas use
 Package of Efficiency Measures
— Radiant barrier
— 90 AFUE Furnace
— SEER 14/ EER 12 AC.
— Compact fluorescent lighting:
— ENERGY STAR windows:
— Third-party testing &certification
e Typical PV systems

— 2.0 kW ac 36 SunPower 63-watt
SunTile roof-integrated modules
powering a SunPower SPR-2800x

:

|

——

Inverter
. Optional to 5 kW
7a
.J SMUD
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System Pictures and Monitoring Points

* 3-7 km circuit lengths Monitoring on
» Served by 20 MVA/12.47kVsubstantion transformer Distribution

Substation Transformer

o T

Distribution
Circuit Path

Anatolia
Subdivision

Monitoring
on Home

Rancho Cordova
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Anatolia Results - Voltage

Voltage at Substation, Transformer 3 and Home 3
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Presenter
Presentation Notes
Looking for voltage back feeding under good solar day – clear, cool, decent irradiance


Irradiance

Real Power
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Anatolia Results - Power

Real Power at Substation, Transformer 3 and Home 3

Clear, Cool Day

Saturday, 7 March 2009
relatively light utility load and relatively high PV production
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Presenter
Presentation Notes
Typical spring day load profile @ substation, feeder, transformer and home


Peak Impacts
4t Day of 6 Day Heat Storm 104°
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Presenter
Presentation Notes
PV output drops in late afternoon, but is usually still significant at time of system peak demand

West-oriented PV improves impact on system peak

but no incentive to choose that orientation



Note that there is some liberal scaling in this chart, since the system demand is orders of magnitude larger than the solar output.  However, the intent is to show what fraction of the rated residential rooftop PV system output will be available when the time of the peak occurs.



System rating is for relatively optimistic operating conditions: cool, with sun normal to roof. Actual operating conditions include increased temperature because 90% of the solar energy heats the panels; they are mounted integral with the roof (poor cooling), and sun angle is not optimal (low roof pitch). Thus, the actual output is only 75% of ac rating.



Big question is how much solar will be left when the peak occurs... between this peak and the August peak described in the paper, it is clear that a significant fraction of the solar output was available at peak demand during 2007.



Note that another way to improve late afternoon production is to use tracking PV installation, which is more common in central-station PV than in residential rooftop applications.


Peak Impacts
6th Day of Heat Storm 106°
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Results to Date

e PV penetration levels on the feeder were no greater than
13% under lightly-loaded conditions (2.0 MW) and about
4.0% of the total substation transformer load

 There was no excessive service or substation voltage due
to reverse power flow from exporting PV systems

* |t was possible to see the effects of the PV systems on the
voltage at the individual homes and the distribution
transformers

« PV systems have not adversely affected voltage
regulation

 Large Potential Peak Demand Savings

 The model will be used to determine acceptable levels of
PV penetration
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FINAL THOUGHTS

o HI-Eff/PV equipped homes can
dramatically reduce Peak Demand.

PV Is a potential peak resource.

 Utilities need to examine and analyze

PV Impact on their own systems.
— Monitor @ Substation, transformer,
home/business

e Smart Grid Implications
— Monitoring @ transformer issues
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SMUD PV & Smart Grid Pilot at Anatolia

ARRA FOA 85 Topic 4: High Penetration Solar Development

Residential Energy Storage (RES) Group: Grid Tied with Battery Storage
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Community Energy Storage (CES) Group: Grid Tied with Battery Storage
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Installing 15 RES and 3 CES units

Will firm renewables, reduce peak load and
improve reliability

Partners include GridPoint, SunPower,
Navigant, NREL, SAFT (lithium ion)

Installing utility and customer portals to
monitor PV, storage, customer load

Sending price signals to affect changes in
customer usage

Quantifying costs and benefits of this storage
deployment to gain insights to broader
application for SMUD

Inverter Communications

Demonstrate inverter monitoring via AMI
communication from smart meter to inverter

» Demonstrate receiving data, querying for

» Utilized as actively controlled c r‘ltﬁﬂ;rs
versus passive devices on the gnid ]
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faults, sending control signals
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Impact of SolarSmart
Subdivisions on SMUD’s
Distribution System
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Nationasl Renewable Energy Laboratory
Golden, Colorado
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