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- FERC & ISOs removing regulatory barriers to storage participation in wholesale markets — FERC Order 841
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- California most important state,1.3 GW mandated by 2020 (Residential TOU, 2019)

- New York has energy storage target of 1.5 GW by 2025

- PJM Frequency Response Market — Reg D Signal
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RELATIVE ECONOMICS OF INTEGRATION OPTIONS
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xGrids : eXtensible Power GRID management platformS with intelligence

MDMS : Meter Data management System
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Lithium-~ion battery price survey results: volume-weighted average

Battery pack price (real 2018 $/kWh)
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Lithium~-ion battery price outlook

Lithium-ion battery pack price (real 2018 $/kWh)
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‘Synchronous rotating equipment naturally contributes to [P T Reessspumr
fmqua“cy GD"trOl by kil\aﬁ¢ emm "ﬂer S'_,rnchrcrnous Inertial F&espurrse (SIR)

a equency Response FFR
Pnrnarv FFEHLIEHCY Fiesponse (FFR)
« Secondary Frequency Response (SFR)

SIR FFR

Time [sec]

0.12

Synthetic inertia controller initiated injection or absorption of active power into
power system

Energy source  battery, wind turbine, PV farm, super caps

Time delay > 120 msec, depends on source and technology

» Frequency deviation detection time, 3-5 cycles, depends on quality
of the sinus wave

> Command to actuate 2 20 ms

» Power release time by the equipment — depends on technology

How critical is the time delay to maintain stabile frequency in the grid?
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Overview frequency response — contribution by different products

Frequency stabilization — RoCoF contribution

RoCoF Primary control Secondary control - Rotating equipment
1
: Bl combined
e :
ECEE ... ... TN~ e comected

. Crdinary operation range I -
PR Ely Wheel to increase inertia
f=490.8 Hz
-0 20 A= —
. i S System dynamically allowesd range,
g_,um 1 . on of freq ¥
| measures
j-u-&- l D
H.050 - i
s B
Eom - 5
o]l B s 58
Eom 1 : =402 Hz
= | A stop of b
-0.00 —
A f=48.0 Hz
100 4 - - - -
110 T T T T T
.00 E.éﬂ 1000 15 00 20 00 2500 30 00
T ey [5]
- A m e ——

siug 3olA BR(=WEA A9 S gse
a1, 23 dulg B
_]

5 (2
S = =\ 2~ O o] O = [e) =)
g 5 (254 B BAALLS ATl PUsE Peke 1o}
FIGURE 6. Estimated Renewable Energy Share of Global Electricity Production, End-2017

Non-renewable
electricity

16.4% 5.6% wind power

Hydropower

2 : 2 % Bio-power
1.9% Solar PV

Ocean, CSP and
0 .4% geothermal power

Source: See endnote 188 for this chapter.

<4 : REN21 Renewables 2018 Global Status Report
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