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Program Stages nationalgrid

1.Interconnection
Sites placed into service, running full power at unity power factor

2.Advanced Inverter Plant Control
Test to confirm advanced Inverter functionality and plant control capability
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3.Theoretical Settings
Calculate the theoretical ideal voltage regulation settings
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4.Feature Testing
Compare proposed ideal settings to variations
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5.Lessons Learned
Share lessons learned with the industry
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6.Implement Recommendations!
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Stage 1. Interconnection

nationalgrid

» Live sites are sites
capable of running at
full kW and at unity
power factor.

Interconnection

OLive
®m To be connected

78%

1 17 Kelly Rd.

41312 Sturbridge Yes
2 26 Kelly Rd.
3 Blossom Rd. 1

05-115W52 Fall River Q1, 2018

4 Blossom Rd. 2
5 76 Groton Rd. 227W3 Shirley Yes
6 Cape Cod Lumber 93W42 Abington Yes
7 438 Richardson Ave. 05-8L3 Attleboro Yes
8 79 Old Upton Rd. 304W2 Grafton Yes
9 24 Boutilier Rd. 21W2 Leicester Yes
10 755 Main St. 19W73 Dighton Yes
11 380 Frank Mossberg Dr. 05-9L2 Attleboro Yes
12 29 Oxford Rd. 406L3 Charlton Yes
13 19 Groton School Rd. 201W4/W1 Ayer Yes
14 40 Auburn Rd. 26W2/W4 Millbury Yes
15 430 Stafford St. 406L1 Leicester Yes
16 29Snake Hill Rd/ Carpenter 41314 Charlton Yes
17 Patterson Rd. 1

227W3 Shirley Q1, 2018
18 Patterson Rd. 2
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Stage 2. Plant Controller Integration

This stage intends to confirm
that the advanced inverter
and plant controller features
when combined intended
functionality of the program.

Plant Controller
Integration

O Sites with
features
verified

mTo be
verified

nationalgrid

1 17 Kelly Rd. Complete
Sturbridge
2 26 Kelly Rd. Complete
3 Blossom Rd. 1 Mar. 2018
Fall River
4 Blossom Rd. 2 Mar. 2018
5 76 Groton Rd. Shirley Complete
6 Cape Cod Lumber Abington Complete
7 438 Richardson Ave. Attleboro Complete
8 79 Old Upton Rd. Grafton Dec. 2017
9 24 Boutilier Rd. Leicester Complete
10 755 Main St. Dighton Dec. 2017
11 380 Frank Mossberg Dr. Attleboro Complete
12 29 Oxford Rd. Charlton Complete
13 19 Groton School Rd. Ayer Complete
14 40 Auburn Rd. Millbury Complete
15 430 Stafford St. Leicester Jan. 2018
16 295nake Hill Rd/ Charlton Jan. 2018
Carpenter
17 Patterson Rd. 1 Mar. 2018
Shirley
18 Patterson Rd. 2 Mar. 2018
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Stage 3. Theoretical Settings

nationalgrid

* In this stage we work to
calculate the theoretical
ideal settings, which will
later be used in our test
plan and compared to
several variations.

Recommended
Test Settings

OComplete =

1 17 Kelly Rd. Yes
41312 Sturbridge
2 26 Kelly Rd. Yes
3 Blossom Rd. 1 Yes
05-115W52 | Fall River
4 Blossom Rd. 2 Yes
5 76 Groton Rd. 227W3 Shirley Yes
6 Cape Cod Lumber 93w42 Abington Yes
7 438 Richardson Ave. 05-8L3 Attleboro Yes
8 79 Old Upton Rd. 304W2 Grafton Yes
9 24 Boutilier Rd. 21W2 Leicester Yes
10 755 Main St. 19W73 Dighton Yes
11 380 Frank Mossberg Dr. 05-9L2 Attleboro Yes
12 29 Oxford Rd. 406L3 Charlton Yes
13 19 Groton School Rd. | 201W4/W1 Ayer Yes
14 40 Auburn Rd. 26W2/W4 Millbury Yes
15 430 Stafford St. 406L1 Leicester Yes
16 295nake Hill Rd/ 41314 Charlton Yes
Carpenter
17 Patterson Rd. 1 Yes
227W3 Shirley
18 Patterson Rd. 2 Yes




Stage 4. Feature Testing-ON Hold nationalgrid

The following is our proposed
detailed testing to measure
quantifiable Power Quality
impacts advanced PV facilities
can bring to the grid.

Began preliminary testing at 8
sites.

Results indicate further work is
needed to adjust calculated
settings to better match plant
controller limitation.

National Grid is also working to
improve its power quality data
collection from 1 minute to 1
second.

Adv.

: Day # Settin
k | Function y 9
1,3,5,7 Site Recommended PF
1 PF
2,4,6 Off
1,3,5,7 Site Recommended Vol-VAR curve
2 Volt-VAR
2,4,6 Off
Constant 1,3,5,7 Volt-VAR Dead band center
3 Voltage
Regulation 2,4,6 Off
Site Recommended PF-0.3 (more VARS
1,3,5,7 bsorbed
4 PF absorbed)
2,4,6 Off
1,3,5,7 Volt-VAR curve not Chosen
5 Volt-VAR
2,4,6 Off
Constant 1,3,5,7 Volt-VAR Dead band center- 0.03PU
6 Voltage
Regulation 2,4,6 Off
Site Recommended PF+0.2 (less VARS
1,3,5,7 bsorbed
7 PE absorbed)
2,4,6 Off
49 Days
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Stage 5. Lessons Learned nationalgrid

Solar Phase 1:
* The plant

controller gets a
command
remotely and
passes it forward.
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VolIt/VAR nationalgrid

PV Plant Voltage (V)

279

278

277

276

—————— V/OIt/\Var ON

eV Olt/\ar OFF (unity)

11:00 14:00 17:00 20:00
Local Time

Smart Grid Ready PV Inverters with Utility Communication: Results from Field Demonstrations, EPRI 2016
http://www.epri.com/abstracts/Pages/ProductAbstract.aspx?Productld=000000003002008557




VolIt/VAR nationalgrid
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Smart Grid Ready PV Inverters with Utility Communication: Results from Field Demonstrations, EPRI 2016
http://www.epri.com/abstracts/Pages/ProductAbstract.aspx?Productld=000000003002008557




Stage 5. Lessons Learned nationalgrid

_  Plant Controller
Solar Phase 2: continuously

talking to PQ
. meter and PV
- il inverter.

=T GRID 500
[ ]

Plant Controller
L translates grid
conditions into
fixed VAR, Fixed
Watt or Fixed PF
commands

National Grid

Cellular
Interface

1
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- Built in PQ meter
-

« PQ meter
connected to Plant
Controller Voltage
accuracy + 1%




Benefits of closed loop

Updated: 11/27/2017 12:26:08 PM

« * Improved

Actual Power Curtailment command is 70kW Accuracy

B Online [ Standoy M Alam 2 Reset View \ode: | Regular v

il 1"”“'3’1:';w Electric Meter 69'00 kW .
W Inverter L1- 2. ° O |
W Inverter 1.2 - 241KW |Reaanwer: 69.DDkW| R L L n Ine
B [nverter L3- 241KW Reactive Power: -2.70 kVAR To M. Grid Digtribution Line .
B inverter 1.4- 2.35 kW - BusVoltage (1) asq00volts | Protection Relay Inve rte rsn |ake
W Inverter L5- 2.26 kW 5 Frequency: 60,0040 H

= L 4 Real Power: £8.00 kw H
. n L] . . %

Skid 2 Invrters s Pawer Factor: 0,399 P Lot R p—_ Up for Oﬁ“ne
W Inverter 1- 230 kW Curent - PhA: 82,00 Amps = Bus Voltage (L-N): 285,00 Volt
B [nverter 2.2- 2.29kW Current - PhB: 81.48 Amps iy . t_phAl- .00 Volts Ones
W (nverter 2.3 - 2.23 KW C : o Status Tuisn ¢ 80.50 Amps .

A . urrent-Ph C: 81.48 Amps

B nverter 2.4- 2.15KW Current-PhB: 80.00 Amps
B Inverter 2.5- 211kW Current -Ph C: 80.20 Amps

Skid 3 Inverters
W nverter 3.1- 214 KW Helps to

[ [ SMA Cluster Controller Meteorological Sensors
W Inverter 3.3- 0.00 kW | H
nverter 3.4 - 2. " POA Imadiance: 125.53W/m? reSO Ve |SSUGS
W Inverter 3.5- 2,00 kW = SMA - GH Irradiance: 11730 W/m®
: b Reactive Power: -0.45 kVAR . BB Temp: 4640 °F Ca u Sed b

%MWEZT:W g St Bus Voltage (L-N): 284.16 Volts o T y

::2::2:::% Ly £ Frequency: 60.0100 Hz & Ambient Temp: 4136 °F H t
W . Barometric Pres: 1014.70 hPA COl I " I IU nlca IOn

B Inverter 43- 219 kW =
W Inverter 4.4 237 kW g Wind Speed: 2.90 m/s
B Inverter 4.5- 230 kW ] Wind Direction: 248.30° erro rS.

T Stats Wind Chill: 3848 °F
P T——yTTT Rel. Humidity: 52,00 %
I [nwerter 5.2- 237 kW
B Inverter 5.3- 248 kW
B Inverter 5.4- 250 kW
W Inverter 5.5- 245 kW

Skid & Inverters
W [nverter 6.1- 2.48 kW
B Inverter 6.2 - 2,49 KW
B Inverter 6.3- 2,52 KW




What Can Go Wrong?

On the right is an example
of a controller that is
attempting to regulate the
voltage at 1.00pu.

The end result is the
Inverter injecting VAR and
further bringing up the
voltage despite the
Voltage being above
1.00pu at the time.
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Closed Loop Voltage Regulation nationalgrid

« Ramp Rates will need to be adjusted to better match control loops speed
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Closed Loop Common mistake nationalgrid

« We recommend against sending kVAR commands to manage PCC Power
Factor.

« Without a high speed control loop, it is possible to get very unstable

behavior during periods of irradiance variation, when the assumption of
constant power in invalid.

ContrelAoop for ‘ '3
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Lessons Learned nationalgrid

= =>But most importantly

Never plan for any outdoor activity other than skiing in the
Northeast during the winter.
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Questions nationalgrid

w

Samer Arafa(PMP,CSM)

Lead Engineer
New Energy Solutions
National Grid
samer.arafa@nationalgrid.com
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