Faster, Smarter, Controllable, Greener,
Distributed, Enhanced, Grid

the Key to the “FutureGrid” 1s?
- Power Electronics -
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Solutions Focus

The world’s most
depwidely loyed large
scale solar PV inverter

solutions

Over 2 GW shipped
worldwide

Increases energy
production by
5-12% compared
to a centralized
inverter system

98.5% peak
efficiency combined
with one of the
Industry’s
widest thermal
operating ranges

Factory integrated MV
package offering a
“plug and play” solution
for multi-megawatt
utility-scale projects

150 MW sold to date

O

Satcon



Modern Grid Issues

Slow protective devices

Remoteness of generation and
utilization

Intermittent Renewables (WIND,

Era of Increasing Electrification,

Dominant Secondary source of energy

— Instantaneous power
— Rugged generators
— Spinning “reserve”

— Excess capacity (>15% is critical)
— Low Impedance - Fault clearance

— Overload Capability
But

— Energy sources (climate, security)

— Poor Power Quality (vs EU)

 Slow, archaic, Hardware &

Controls
« Congestion in T&D
infrastructure
— Lack of storage
— Poor Dynamics (generator)

— Remoteness (Generation,
Utilization and Control)

PV)

Some Answers

Cost effective storage (speed?)

Demand Response (time
scale?)

Efficiencies
Renewables
Hi-Speed Controls, Devices

Reconfiguration (flexible routing
for power at T&D level)

DC transmission
Segmentation (miniGrids)
Fault Limiting (FAST)



Grid Power Electronics -- Solution not Problem
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e Non-linear sourcing
e Active Filtering

|
[AON3N03M ' #INHD

|
! —

|_oo06s

] EO000 - 10000 i “IFJIT‘ ‘.rl:DJ Fa Il.i";:l .?ZIbl]r) iy o
e Harmonic cancellation .. ' | A
Southern Control Area Trlp POInt per\>
Generator UF coordination cu IEEE 1547
g WA R i

g s 7rip 30m>

g 575 ; ‘_ \ =

TR s A
e Also, high speed series devices would s
Limit faults and enable robust interactive microgric

Time (Cycles)




w

Barriers to High Penetration of Renewables

Cost (30+% drop in Utility scale solar PV in last 24 months, %5 ->
S3.5 /W)

Panels
Inverters, BOS
O&M

Controllability
Intermittency (Variability/Capacity Factor/Capacity Value)
Utility Industry Acceptance/Adoption

Scale
Performance
Standards

Familiarity (interconnection, protecti «

%

B rodule

B nverter

B BOS

B Installation
8 Other Costs

B O

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm



DOE’s Projected PV System Cost Goals —
Upcoming $1/W PV Solicitation

Solar PV Energy Costs:
Phoenix, AZ; Utility Ground Mount Systems

25
DOE S1/W Goal
Module type, price, efficiency:
20
# 2010 CdTe: 50.98/Wp, 10.8%
* PV Module:
S0.50/W = 2010
2 15 A ©2014 CdTe: $0.68/Wp, 14.4%
E.I- L
* BOS/ g 2015
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= A
" US Wholesale Electricity Price zzmac-sn 51':51 Wi‘ L1
. - - ——— - 2016 c-5i: with tracker
* Inverter: 5 [(US Natichal Avérage: 5.72) $ﬁNGDa|
SO 10/W | (4.5 cents/kWh)
0 T T T T T T T T T T T T T T T T 1
%4.00 $3.00 52.00 $1.00 S0.00

Installed System Cost [$/Wp)

John Lushetsky; DOE EERE Program Manager
Solar Energy Technologies Program



Inverters can Control Local Voltage (droop)

Automatic Voltage Control On a Long
13.8 kV, 10 MVA Feeder With 5 MVA PV Plant Connected
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Bus1 Ratio = 60/13.8 Bus2 R=0413
V=69 kV Rpu.=001 V=138 kY L = 0.928/377
Apu =007
SUBSTATION Bus3
TRANSFORMER V=138kY
7800' N/
R =0452 .,/ Base[MVAV]=[1 13.8]
L=0.0873/377 @ [F Q] p.u. =[0.950.21]
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Bus9 Ratic = 0.2/113.8 Bus8
V=02kV Rpu =001 V=138kV
Xpu =005

[MVAV] =[5 0.2]

Bus4

N,/ Base [MVAV]=[1 13.8]
[P Q] p.u. = [0.95 0.31]'2

V=138kV

4800
R=0.197
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@ L=0849/377

=138 kV

R=0278

» No tap changers, line regulators, or capacitors

» Balanced feeder, balanced three-phase loads

> 9 buses - 7.5 MVA 0.95 p.f. constant power loads
» PV plant output, P =4 MW
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Feeder Voltage Profile

4 MW PV SITEOUTPUT

= NOVAR QOUTPUT AT PV SITE

W VOLTAGE CONTROL AT PV SITE




BUS NO.7 A-PHVOLTS

BUS NO.7 A-PHVOLTS

Inverters can Control Local Voltage (flicker)

= Short term flicker assessed from simulated voltage at Bus #7
= Post-processed through IEC Flickermeter
= Event repeated continuously for ten minutes
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Summary

Many Economic Values to Distributed Renewables (Power Quality
($100B + ?, Health & Environment, Labor (local 25% of installed
cost), Key to FutureGrid, ...

Controllability and Intermittency are the issues

Inverters can solve some challenging problems, including the
local effects of intermittency

In many cases (faults a good example) Inverters and other high
speed devices are the solution not the problem

These high speed grid devices can truly enable a Faster, Smarter,
Controllable, Greener, Distributed Grid

High speed devices? STS, SDS, FCL, Breakers, ...

Inverters as StatComs

Distributed “shock absorbers” (disturbance mitigation)
More DC, infrastructure, transmission, ...

Control, local-autonomous-high speed, slower regional/area
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