Commanding Inverter to Establish
F'JJ" ﬂj_ |2 f—*ﬂ II(\1 Iﬂ undc |£) ﬂ_l_fty

— o e —

Scott S. Kuszmaul, sskuszm@sandia.gov, Sigifredo Gonzalez, Abraham Ellis,
Sandia National Laboratories, Albuquerque, New Mexico, USA
Emanuel Serban, Xantrex Technology, Inc, USA

Abstract

Several industry efforts are underway to develop uGrid control strategies to enhance the deployment of large amounts of distributed resources on the grid in a safe,
reliable and efficient manner. Expanded testing capabilities at Sandia National Laboratories Distributed Energy Technologies Lab (DETL) now include a single phase
nGrid research testbed platform. This reconfigurable uGrid topology testbed platform is being utilized to evaluate control strategies and communication algorithmes.

To demonstrate coordinated nGrid functionality battery based Xantrex inverters were integrated in a uGrid configuration on the DETL platform with custom
centralized LAbVIEW based virtual Energy Management System (EMS) software. Enhanced nGrid cooperation was implemented by invoking control schemes based
on existing command sets issued over standard communication interface without moditying embedded software. The results of two test scenarios are presented here.

Stand Alone / Maintain Safe Battery Operation

— ———————————— e
use Case #1 Seﬁ—uence #1 _Singl_e Phase uGrid Teit Be_d '|d Display  System Control = Sequencer lagnostics ! 4

NEEion 3208 Grid Power

Case Diagram (s s Do, Utility Grid or —
Routine Y T804 VA
k,,./ Simulator - | X IESE | Peiv
V, | (Grid) ' ; : ey
u-Grid Contactor
F1 (60A)
T SSR# 1
4 ® /| source # 1 (6kW)

nsafe Conditi
aunches Initializer
and Loads Parameters
Shut Off Relays
Operator 3
er

g>— VI (Bat1)

1 (Sre 1) _J=

— Battery 1

| : ' e i & T Pwi ()
. \ l- 2 . . - . ___'__-'_15
1 : A9 VAL MIN VAC > ; —
(1200AH) _ _ |« s v } - s e 00:00:00 o
e Micro-Grid Buss . . .
nv 2509 VAL o 2508 VAL

126037 Total Load Power

: , l.t Pw (W) ; | Pvar (W) 123 Totsl Solar Pov
3 RlyC ntrol [ g L1 801 voi J024 [To BttryD
Initial ‘% F2 (30A) éFCi (30A) A%F4 (30A) ‘%FS (60A) ‘% F6 (60A) A%; F7 (60A) 3 9 i ; — 2 368 Pwr (W : e
Sell less Current . - 3 $179 VDI
o P when Batt1 > 54 v0C 4 i SSR#2 SSR#3 SoRd4 SSR#5 SSR#6  —— SSR#7 i g s
| 13 “wr (W)
N /K g ytond V, 1 (Src 2) 9= V,I(Src3) v, | (M) V(L) V,I(L2) o>V, (L3 ) ad £
5 Pwr (W) Pwr (W)
ell more Current @ @ o S —r
Controller when Batt1 < Source # 2 Source # 3 —] .
Inverter 2 /3 i "% (6kW) P (BkW) d i
6 A 1 v, 1(Bat3)
. Xantrex Micro-grid Use Cases.vsd R
m ﬁg]:]g;?al _ U\Test Data\Micro_Grid_1_Phase'\Drawings E (Bat 2) CC2 Batt 3: cc3 —2 L Lo o b —d WV .
Laboratories Prepared By: Adam Moya Blla“éeng2 185293_' Load # 1 Load # 2 Load # 3 LAbVIEW baS ed Vlrtual Energy Management System
Distributed Energy Technology Laboratory (15 - ( )——"'
=== 1 g\ T @ (EMS) software
PV-2 PV-3

Inverters Characterized while Supporting uGrid Voltage

* Unconsumed energy in this uGrid configuration will go to charge main battery  Current mode inverters in uGrid configuration respond to uGrid bus voltage sags

* uGrid regulation lost, over-charging battery occurs without uGrid management » uGrid voltage regulation lost without pGrid load control management

* EMS added to manage puGrid energy flow during PV generation, loading cycles  EMS added to manage nGrid resistive and inductive load ramping profiles

* Virtual EMS achieved continuous pGrid operation independent of battery charge e Virtual EMS could achieve stable uGrid operation by limiting load transitions

* Plot shows puGrid stability as EMS controls battery charging voltage * Plot shows pGrid stability of combined inverters during load transition
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Conclusions

Sandia National Laboratories has successfully demonstrated using virtual EMS system commands to safely manage nGrid battery storage and characterize inverter
response to varying load profiles. An approach of invoking control schemes implemented with existing commands issued over standard communication interfaces without
modifications to embedded software can enhance uGrid operation.
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