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U RRLGrid Codes and Need for proper Definition
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approaches and Energy Storage System (ESS) sizing via
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Variability of Wind and PV Power

A Renewable Energy Sources (RES)like the
PVs or Wind Turbines depend on primary
energy sources (renewable 0O f u:e sum,
wind), which are highly variable, due to
their stochastic nature .

Thiscauses intermittent RESproduction

Both Wind and PV power are variable (or
non -dispatchable) because they are
available not upon demand, but upon
natural and uncontrollable forces.

A Both of them have LOW capacity value .

T> T
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Variability of Wind and PV Power

Ramp Range (Increases in
50000 this two-week period from

A Curre ntly, due to new —load —Wind —NetLoad 19.3 GWiday to 26.2

45000 - GWi/day)

forecasting models, wind ey
generation and solar PV 35000
generation can be |, VIV
predicted with really good “mwmi U "N
accuracy . 15000
A However, predictable ]
variation is stille variable é . . | =
posing  several  instability Vaisbor s outocuses | sty
issuesto the electric power from 4,052 MWihour to 4,560 MWihour) | | - conventional generators

systems.
Figure: Impact of net load from increased use of renewable energy [1]
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Variability of Wind and PV Power

. 50000 this two-week period from
A The increased RES —Lload —Wind —NetLoad 19.3 GW/day to 26.2

45000 GW/day)

intermittency (variability) _—

and the decrease of the 35000 -

base load lead the System ™ V'V U] |

Operators to  commit %/ || "\

conventional rotating 15000

resources in their systems ki

and greater investment in iy |

flexible ramping resources e = Uncetainy n wind uput T
is required from 4052 MWihour 10 4,560 MWinour) || comventianal generters

Figure: Impact of net load from increased use of renewable energy [1]
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Why isRRLneeded ?

The intermittent RESwith high, unpredicted short-term ramp rates can
become more 0 g r-fi rdi e oy providng of | ex ialmpe.ng o

Ramp Ups can be easily mitigated by RESwith Active Power Curtailment .
Thisisundesired é due to revenue loss.

A system consisting of an intermittent RESand an Energy Storage System
(ESS)can provide flexible ramping : based on the RES+ESSize, the injected
grid power can increase or decrease with a specific predefined ramp -rate
A provide flexible ramping!

Such systems do not only provide flexible ramping €& The ESSaction can
eliminate any day -ahead or intra-day forecast error of the RESgeneration!

Why isthis important? é Theload and RESvariability affects the day -ahead
scheduling of FCRand FRR(especially aFRR
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Why isRRLneeded ?
A

The TSOs In each
country schedule the W | | |
committed FCR and B . e
FRRfor the day -ahead | —ER e —
and In some countries >

Wlth | n th e d ay (| ntra - Figure: Activation of operating reserves after a

frequency disturbance, [3]

day ).
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Why isRRLneeded ?

In cases of high RoCoFs, the FCR committed units take action ,
leading the frequency to stabilize to a value higher or lower than
the nominal frequency .

F 3

MW)

Reserves |

Time

Figure: Schematic overview of the activation of operating

Time to Restore Frequency reserves, [2]

Frequency (Hz)



M EASY-REs ;s THE ROLE OF FRR FOR THE MITIGATION OF POWER IMBALANCES AND THE NEED F(
- RRL AS A PREVENTIVE ACTION IN DISTRIBUTION GRIDS

FRR is distinguished in automatic ( aFRR
and manually ( mFRR activated. The
mixture of aFRR mFRRis determined by
each TSO for his control area/block so

dHebencchcnaa

= —> that the frequency quality criteria are

fulfilled.

After a major frequency event, the
FRRnot only restores the frequency
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within the restoration range but also

restores  the FCR that have
exhausted and finally restores the
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Nominal Frequency (50 Hz)

Standard Frequency Range cross-border power flows of the

Eiequency Cediontion fenos relevant control area to its pre -fault

Frequency Recovery Range

Maximum Steady-State Frequency Deviation ValueS .

Maximum Instantaneous Frequency Deviation Th|S iS depicted in the tWO termS Of
the ACE.
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RRL inStiff Networks

Aln stiff transmission systems, the equivalent
system inertia (Part 1) is large, hence , a
power imbalance GP between generation
and demand, as well as short-term (in terms
of 5-10 seconds) variations of RES hardly
affect the global frequency and the RoCoF.

Aln emergency conditions FCR units are
needed to support the stiff networks

A FRRunits are committed to reduce the error between the nominal frequency
and the new stable frequency . The units which take action firstare the aFRR
committed units (with flexible ramping ) within 30 seconds .

AHowever , high RoCoFs and huge disturbances are rare within stiff networks é
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aFRRis used to deal with the

During steady -state operation within a fast variations in the scheduled

synchronous area, 3/Hs practically zero. load/generation

Therefore, the ACE (thereby the FRR)has \

to do with the restoration of the power

interchanges among areas to Regulation up

predefined and agreed values. W

The power interchanges deviate due to g

errors in forecasting of g

A Load &

A Power generated by RES

and also, by probable faults like loss of a Regulation
: . . . down areas

local generating unit, or of a tie line. load

00O 30 f /E \

MFRR is used to deal with the
slower variations in the scheduled
load/generation
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RRL inStiff Networks

A The usual case is that low
RoCoFs happen every day Roughness* of the
and there are  small |h0_aﬂ _Variatiolr) .
oscﬂ!aﬂons around the "‘;);Cthés lei%pF\’l[eIS]
nominal frequency , due to
errors in  the short-term
forecast .

A These short-term variations
usually activate the aFRR

12:30 14:00

units, which are more | :

expensive than mFRR Figure: Real Variation Of Load Demand,  [3]

*The term "roughness" describes the continuous random load variation that resembles white noise
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RRL inStiff Networks
A By having a coordinated RES+ES&RL ,-
i3

control action , the flexible ramping
generation isassured while any short-
term forecast error can be easily
mitigated !

AIn this way, short-term frequency
oscillations and the aFRR activation
can be avoided A

A Thisin turn would lead to fewer costs
In the scheduling for the
conventional unit commitment
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RRL inWeak Networks

A Weak systems suffer from low equivalent system inertia (Part
1) and a power imbalance GP between load and generation
or an error in the RES forecast together with the high
penetration of intermittent RESwith high dP/dt could cause
large frequency disturbances o6 high RoCoF

A In turn, cause huge commitment of both FCR and FRR A
FCR in order to avoid large RoCoFs in the short-term
mismatch forecast errors

A Thisis why it is an already established requirement for the
Installation of new RESplants
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RRL inWeak Networks - Examples

A Puerto Rico has set the Minimum
Technical Requirements (MTR)[4]
i

B RG Baltic ¥ i

A EirGrid and SONI (Irishwj{

defined RRL N their mutual
Interconnections [5]
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RRL inthe Grid Codes and

System Operators : Specifications for the limitation of the
Ramp -Rate (RR) at the Point of Common Coupling (PCC)
of the DRESwith the grid

U for DRESwith nominal Power >1MW
U Especially in weak TransmissionSystems
Identified Gaps:

o currently only ramp -ups can be mitigated efficiently by
individual RESplants (without ESS)by performing Active
Power Curtailment

o there is no unified definition of RRconsidering either the
time -interval Yoor the power variation Y0, [6]

o No specifications for RESwith nominal power below 1MW
A The RRLimitation (RRL)iscurrently vague at distribution
level, [6]

entiflied Gaps

Country/TS0O RRL Requirements
HECO (Hawaii) 2 MW/min, | MW /2sec (inst.)
PREPA (Puerto Rico)
Germany 10%/min
Romania

EIRGRID (Ireland)

1-30 MW/min (Imin average)
1-30 MW/min (10min average)

A. No limit for AP of up to 300MW

England B. SOMW/min for AP between 300-1000MW
& Wales NGC | ¢ s0MW/min for AP > 1000MW
A. No limit for a change of up to [SMW
B. I5MW to 150MW:
i) 20% of the rated power/min (1-min average)
Scotland ii) 7% of the rated power/min (10-min average)

C. Over 150MW:
i) 30MW/min (1-min average)
it) 10MW/min (10-min average)

Australia (AEMO)

Set by the TSO, at least 3MW/min or 3%

Australia (WP)

Set by the TSO, not less than 5%/min

Denmark (Energinet)

Set by the TSO, 10-100%/min

China SGCC

A For WF capacity below J0MW

i) 2MW/min (10-min average)

i1) 6MW/minute (1-minute average)

B. For WF capacity between 30 to 150MW:
i) Prated/1.5 (10-min average)

1) Pratea/5 (1-min average)

C' For WF capacity over 150MW

i) 100MW/min (10-min average)

i1) 30MW/min (1-min average)

India

A. No limit for a change of up to S0MW
B. For WF capacity between 50 to 150MW:
i) Prated/1.5 (10-min average)

1) Ppated/5 (1-min average)

C. For WF capacity over 150MW

i) 100MW/min (10-min average)

i1) 30MW/min (l-min average)

[6] EASY-RESDeliverable 1.1; Available online :
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State -of -the -Art RRLDefinitions 1

Key
Characteristics : P, (W1, ® Def; = endpoints
Defy @®Defy = min/max
V Direction : Pstart ®Def3 = successive instants (SI)
Def
upward and P%czfé """"""" /0/.\
e
downward Pend |7/
. pDef2 ,I
start
V Magnitude Be AR
V Duration A ;SSfQ
Need for the — Def Def Def Def D f Def >
. i e e e e e e
pl‘Oper def|n|t|0n tstirlt tstar2t tstar?% tend3 tend2 ten’dl t, [3]
of  past and Atwindow

current Instants
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State -of-the -Art RRLDefinitions 2 [7]

D, [W]A @ Def; = eqdpoints o ]
pDet2 ®Def; = min/max Definition 1: difference between

start ®Def3 = successive instants (SI) ) < .
pDei //\ two endpoints of a Yo
Ll interval (typical values 1 minute
pE? v or 10 minutes)

ery Atcl
pend .

Defy DPout [t + Atvvindovv] — Pout [t]

end H > RRDefl [t] — At

DD O D DR e window
) Atwindow !

Definition 2: difference between the maximum and minimum values within a
Yo interval

RRDefQ [t] —

maXpout [t+Atwindow] yPout [t] o rrllrlpout [t‘|‘Atwindow} yPout [t]

tmax _ tmin
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State -of-the -Art RRLDefinitions 3 [7]

D, [W] @® Def; = endpoints
Def2A @®Defy; = min/max
Pstart ®Def3 = successive instants (SI)
Defy
Pstart [
Def]_
Pend /
Def2 I’
sSafljt
el At d
pend 3l
Def2
pend ' >
tDefl tDef2 tDef3 Defqg tDefQ Defq
start “start “start tend end tend t, [3]
< '
At

window

Definition 3: difference between two successive measurements (instants Y0 )
d usually 1 second

ou t At ~ FMou t
Ritpu (1] — Pl Dtsi] = poul]

Atgy
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RRLDefinitions

RRLDefinitions 4 - Example

6
| l | — Cloudy Day
51 Clear Day
Partially Cloudy Day
Ve 4 | _
=
=
s 3 -
&
2
A 2r a
1 - —
O | | | | | |
08:00 10:00 12:00 14:00 16:00 18:00
Time (s) Sep 29, 2018

Figure: Daily PV Profiles of a 6.5kWp PVPP, [8]
s e—
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RRLDefinitions

RRLDefinitions 5 0 Example Cloudy Day
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Power (kW)

IS
T

[\
T

08:00 10:00 12:00 14:00 16:00 18:00

Sep 29, 2018

Definition 1
Definition 2
Definition 3

3.9 4
x 10
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RRLDefinitions

RRLDefinitions 7 0 Example Clear Day

2 [ I I _|
@ g °
g )
g
- 1+ & g , , , , , _
-~ 08:00 10:00 12:00 14:00 16:00 18:00
%|:§ Sep 29, 2018
D)
= x
MI T
g‘ Definition 1
ch . Definition 2
- mes N efinition 3
| | | | | | | |
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RRLDefinitions

RRLDefinitions 8 d Example Wind Turbine

0 1
Mar 16, 00:00 Mar 16, 06:00 Mar 16, 12:00 Mar 17 "7 °F T | | | | |

60 - _ . i

Time (min)

[ e
o O

Ramp Rate (%/min)
o

— Rlein '
-20 i — RR5min
-40 RR1omin
......... RR15mm
60 | | | | ) T 'RRSOmin |
0 200 400 600 800 1000 1200 1400

0000 | Time (s)
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State -of -the -Art RRL Control Methods 1

RRL Control Categories

RRL is performed considering that
the DRES is connected to an
Energy Storage System (ESS), [7]-
[10]:

oMoving Average (MA) Methods

oFilter-Based (FB) Methods, e.g.,
Low-PassFilter, Band -Pass Filter

oDirect RRLMethods
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State -of -the -Art RRL Control Methods 2

RRL Control Categories Disadvantages o MA &FB

RRL is performed considering that 0 high computational complexity
the DRES is connected to an U exhibition of ~"memory effect"
Energy Storage System (ESS), [7]- and oversmoothing

[10]: o the ESSis forced to operate

oMoving Average (MA) Methods even when the DRES RR is

oFilter-Based (FB) Methods, e.g.,
Low-Pass Filter, Band -Pass Filter

oDirect RRLMethods

» within specific limits
0 Increased ESXapacity

0 Decreased ESSoperating life
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State -of -the -Art RRL Control Methods 3

RRL Control Categories Gaps in the RRLapproaches

RRLis performed considering that O BESSwith slower dynamics A not
the DRES is connected to an suitable for high -frequency
Energy Storage System (ESS) [7]- fluctuations at DRESevel

[10]: U The State-of-Charge (SoC) is

oMoving Average (MA) Methods taken into account a-posteriori

oFilter-Based (FB) Methods, e.g., 0 do not guarantee that RRcan

Low-Pass Filter, Band -Pass Filter be I_|m|ted e>_<act|y to the
prescribed level;

oDirect RRLMethods o new RRL techniques should be
developed to reduce the
significant RRsat specific values
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EASYRES RRL Concept

RRL is defined at DRES and substation level

U At DRESIlevel the UVSG limits the ramp rate of the DRESpower using as a Fast-acting ESS
(FSS)a Ultracapacitor . The FSSis placed at the DC-link of a DRESconverter . The initial

RRLi
target 1S AP . 30%PDRES-nom

Can this be At minute
achieved .
without Ph%ii)s‘;‘;';f'c P DC Con'\’/\e/rter PCC
exceeding EY Parid
10% of the w\ T = Sit
total cost of Vbe
the DRES?? o T ~

IFSSl | Prss

FSS
Converter

[
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EASYRES RRL Concept

RRL is defined at DRES and substation level
U A Battery ESSsassumed to be placed at MV/LV substation level and at HV/MV substation

level .
AP 10%Spn v
At  minute

-------------------------------------

srasmsnnnnnn®

i [1cacc i }
E HV/MV In;];rial |r.|.dus.trial " . !p
: / CONsSUMer prosumer M"'M : ,ﬁunﬂler
HV/MV Q- () )—,—{z, e L

-2 L e

Consumer | §

sssmsmmasnns

Prosumer : §

AP _ 1O%STR-nom II ” g

At minute e b By oo ARt
H il Pms_um_er;g

: ICA BESS Inéalé;;ial Indu-strlal RES —’L'gy EE

cONsumer prosumer : . - HE

LG) X Microgrid :

1 et :

- "3'1 - L‘f (D@ Mixed feeder H

) = = /{1 (3) RES-only feeder !

-----------------------------------------------------------------------------
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EASYRES RRL Controld General Structure

Pout [t] — Dout [t — At] Algorithm 1 RRL Function
RR2-point-ca.lc [t] — A
t[t] — t[t — At] Require: act, pi[t]. pow|t — At], r™n, pmas At
rmam I—_"-]:-_(i{-[_,_u-i Ensure: pout[ ] pESpS E‘ﬁf[i] oA
n ! > max 1: RRy point-cale € %
E I 2: PESS, calc[ ] — pm[ ] Pout [t - At]
1 3: if act =1 then
> 4: if RR < r;"" then
AL” min 5. RR < rmin
n : 6: elseif RR > r'** then
min 7: RR + rma=
8: else
Pout [t - At] 9: RR + RRQ—point—calc
=1 |« 10: end if

11:  pout[t] < RR - At + pous[t — At]

Use of Definition 3 for the RRcalculation : Given the DSO/TSO 12:  prs refll] = pinlt] — Pous(]

RRL limit in
i =YYD g0
Example : for
16.66W/s

% of nominal power per minute, YYO , 13: else
/60 [W/s] 14 pous[t] = punlt]

: L . 15:  pEss, ref[t] < 0
a PV with 10kWp, 10%/min is 1kW/min, hence, (4. ond if

s
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EASYRES RRL Control: Ultracapacitor at DRES level

S Ultracapacitor : performs 3 Ancillary

mazlf] = +r(v) . RRL F‘mCﬁ"n; ITsat [{] Services - Simultaneously
77_6“135 0 o Inertial Response

/ —.. 3 LA I Fault-Ride-Through and
| ' ' + Contribution to Fault-Clearing
. min '
-------------- ' o RRL
y [t — At

=1 DC/DC

RES Plant Converter VSC

in

—» -
Supercapacitor ; * ff
Ultracapacitor : Its energy recovery control Lg. Ry,
? M—AA

should return its voltage to its reference value, : +
] PCC

Y|
/1

[11], [12]
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EASYRES RRL Control: Ultracapacitor at DRES level 9[11]

Eyea==-C- — v
I. Full Service lr(v)| [%/ s]! wsed = ( Vinax ~ Viin)
L Partial Service NS 1 !
—[IH Servrc’edtsabl’e’d ””” e I A G SoC — vic — v,
. ! ; oC = —2>¢ —min
| . ,UQ _ ,U2

! : * ! h max min
‘ ‘

VUmax I. Full service
Upp E gpp II. Partial service
Va U III. Service disabled

E PP
v g P ;UI Ramp-ups
E n PP SC Charge

Ramp-downs
SC Discharge

® 0 66
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EASYRES RRL Control: Ultracapacitor at DRES level 9[11]

rk: T, if (/ngp < U)
1 - v — VPP
LFullService |1-(5)| [%/s] () = - (b= 1) g (0 < v <o)
! IL. Partial Service " oo : ; Vg PP — vpPP
_[1111’S’erviC’edi$abl’ed’””g’””*“* ””””””””” T ¢ Tn, if (U§C <ov < ngp)
: : 1 if (05 < v < Vi)
=—ry+r,-(k—1)- % v if (ULOW <v< ULOW)
- n n U/LIL‘}OW o /U(E‘OW? a — — w
if (viov <)

I. Full service

U Egpp @ I1. Partial service
Vg, PP U II1. Service disabled
B0
»UPP i
w U Ramp-ups
" E n PP SC Charge
vic T==r(D)

Ramp-downs

’ULOW n SC Discharge
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Ultracapacitor RRL: Experimental Results 06 Lab Set up

VSC +DC/DC DC Current
’ DCbus  converter SC _Source 1.A 20 kVA three -phase three -wire VSC with
X vaand © T T

2.An SC of 6 Fand 160 V, with maximum instantaneous
power of 2kW and total SC energy is 21.33Wh (O =
9.33Wh for RRLcontrol)

3.A controllable DC current source .

4. TMS320FR28335 Delfino microcontroller  with sampling
frequency= 20 kHz

5.Measuring Devices :
: R I SpeedGoat : sampling time 0.5 seconds
S et S — - ii.  Oscilloscope : sampling time 50us

i de-l :'"{}‘":'}-IG L Ly o _
D | L 1 o Further Description in [12]
5 i=se LG | LT

] *é*@*@ TITC

: | i s
DC/DCi i+ VSC AC Filter

iDC Sourc.éi
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Ultracapacitor RRL: Experimental Resu

ts O SpeedGoat
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Excellent operation during ramp-ups (0 T v T and

O pu T i) because the SC does not reach its

power or voltage limits, i.e.:

o the SC power reaches barely its maximum power
limit -2kW (SC charging )

o the SCvoltage does not reach 150V

During the successive ramp -downs (SC discharging ) at

O U T p v imthe SClimits are reached

o the SCpower instantaneously exceeds its maximum
power limit 2kW (discharge )

o the SCvoltage reaches itslower limit 110V

After 6 o mitthe SCreturns to 0® avoiding in this way
any oversmoothing and unnecessary operation
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Ultracapacitor RRL: Experimental Results - Oscilloscope
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Ultracapacitor RRL: Simulation Results 0 Effect of

Parameter k and SC Size 9 [11]
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V the RRLcontrol works perfectly and injects smoothed power 1o the gné‘“.‘e(s
V The lower the RRLi , the smoother isthe active power, as expected

V Avoid Oversmoothing after 6 o Tt
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Ultracapacitor RRL: Simulation Results 0 Effect of
Parameter k and SC Size 4 [11]
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At C=6F increasing k=4 leads the SC to operate in higher voltage values, hence, into a
safer area .

Compared to C=6F/k=1, increasing C to 8F achieves the same smoothing (NLOOW/s) but
this allows the SCto operate in a much safer region (around 110-140V).

Increasing the SCsizeleads to better smoothing effect of the grid injected active power .
0 larger sizesmay lead to excessive ESScosts.

0 Further issueson the appropriate sizing and costs are discussed within the paper .
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Simulation Model vs. Lab Set -Up 1
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Simulation Model vs. Lab Set -Up 2
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EASY-RES Approach

EASYRES RRL vs. LPF 1
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EASYRES RRL vs. LPF 2
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V the RRlbased control algorithm utilizes the less ESScapacity - hence, lower cost - than
filter-based methods, due to the fact that the RRLalgorithm limits the RRLto a pre-
determined specific level and allows the ESSonly to operate for significant fluctuations,
avoiding in this way the oversmoothing

V the RRLcan be pre-defined by the DSOsor TSOs On the contrary, with the filter-based
approaches there can be NO correlation of the filter time constant with the achieved
RRL

Time (s)
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EASY-RES Approach

EASYRES RRL vs. LPF 3
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Maximum RR input = 1.117 kW/s
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EASYRES RRL vs. LPF 4
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Maximum Achieved RRL with LPF = 91.68 W/s
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EASY¥RES Approach
EASYRES RRL vs. LPF 5
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EASY-RES Approach

EASYRES RRL vs. LPF®What about cost?

PV cost: 1000 euros per 1. With LPFwe need 1 kWh of SC A
kWp installed the SC costs twice (200%) the PV!!!

SC cost: 15000 per kWh 2. With the EASYRES RRL we need

PV power: 7.32kWp 0.2kWh A the SC costs an

additional 45%the PV cost

¥

Need for proper techno -economic
analysis!

Of course, fast acting ESS sizing can be performed using high -resolution data
(in terms of seconds) to ocatcho A Hemcee

tcan be evaluated onlycasebecmeudy da
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EASY-RES RRL Control: BESS at Substation Level
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EASY-RES RRL Control: BESS at Substation Level
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EASY-RES Approach

BESS Simulation Results
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V More details in the upcoming T [ ( ‘ H I ]
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BESS Simulation Results 2
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EASY¥RES Approach
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EASY-RES Approach

BESS Experimental Results 1

10000 T T
8000 - - BESS Cap, kWh 11
T BESS Cap, J 39600000
s BESS Conv Power, W 5800
2 4000 | .
Qo
Ay
2000 + i
0 1 1 1 | | 1 1
0 50 100 150 200 250 300 350 400 30%/min
Time (s)
DESoc, J 19800000 _ ' DESoc, | 19800000
~ Dtsoc 4000 s ' Dtsoc 4000 s
- DP_SoC -5787,3296 W | DP SoC -5078,9802 W
- DE1_SoC,) 1674659,19 'DE1_SoC,J 257960,399
- DSoC, pu 0,04228937 'DSoC, pu 0,00651415
N Dtsoc_min 2814,24946 s | Dtsoc min 1258 57062 s




Power (W)

RRL (W/s)

10000 : : ; . . 6000
——Din
— Lou =1 ) init — 1
5000 L ——RRLyy = 10W/s, S0Cini = 15% |- 4000 RRLou = 10Wys, S0Cyu = 15%
RRLqy; = 10W/s, SoCini = 50%
RRLgut = ].OW/S, SOCim't = 50% RRL _ IOW/ SoC,, . — 100(7
—— RRLyy = 10W/s, S0C;p = 100% Z 2000 out = S 20Tt = L
6000 - out ’ init . = ——RRLyy = 50W/s, SoCipny = 50%
——— RRLyy = 50W/s, SoCiniy = 50% ~
(<5}
4000 |- w i £
& -2000
2000 |- [~ : -4000
0 ~ w ‘ -6000 ‘
0 100 200 300 400 500 600 700 800 900 0 200 400 600 800 1000 1200
Time (s) Time (s)
8000 T T T T T T T 60 T _RRLin —/
6000 L RRL, | i ——RRLyy = 10W/s, SoCinir = 15% | |
—— RRLow = 10W/s, SoCipiy = 15% i RRLgy = 10W/s, SoCini = 50%
4000 RRL,,t = 10W/s, SoCinit = 50% | g ——RRLyy = 10W/s, SoCini = 100%
——RRLy; = 10W/s, SoCinir = 100% L20- AN ———RRLyy = 50W/s, SoCiniz = 50%
2000 | l i —— RRLyy = 50W/s, SoCny = 50% || I :
B 1111 bl
i I é 220 L Ht 'MH
-2000 - ] F
-40 +
-4000 |- 1 H« HA
-60
_6000 1 L 1 | | 1 1 | 1 | | | | | | |
0 100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700 800
Time (s) Time (s)

EASY-RES Approach

w EASY-REs ;s THE ROLE OF FRR FOR THE MITIGATION OF POWER IMBALANCES AND THE NEED F(

RRL AS A PREVENTIVE ACTION IN DISTRIBUTION GRIDS

BESS Experime

ntal Results 2




m EASY-REs ;s THE ROLE OF FRR FOR THE MITIGATION OF POWER IMBALANCES AND THE NEED F(
‘ RRL AS A PREVENTIVE ACTION IN DISTRIBUTION GRIDS

EASY-RES Approach

BESS Experimental Results 3
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BESS Experimental Results 4
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State -of -the -Art [8]

V Hybrid ESSsizing for Wind Parks 6 Frequency Domain Approaches
o Different ESSechnologies have different response times
0 Discrete Fourier Transformation (DFT) is usually used to decompose the
balance error between the forecasted and actual wind power
o Higher frequencies are assigned to the faster ESS

V ESSsize in parallel with large -scale PVPPs (usually BESS)d Time domain
Approaches
o Can be generally categorized as analytical, probabilistic or search -based
o All of them use historical Data from the time -domain
o All of them use the RRLof 10%/min
o Prevailing isthe analytical method for the worst-case scenario, [15]-[19]
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State -of -the -Art ESSSizing Methods

Frequency Domain Approaches [13,14]

Frequency domain Approaches Hybrid ESSsizing for Wind Parks

Pscheduled(t) - P'wznd(t) — -Pimbalance (t)

Fast
Acting ESS

Objective to minimize the imbalance

DFT Based
Decomposition
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Freqguency Domain Approaches

Algorithm
Find Imbalance power for l-year
Find the DFTof imbalance power for the whole
year
Use high pass and
desired cut-off frequencies)

low pass filters (based on
to extract the

respective high - and low -frequency
components

Take Inverse DFT of the high- and low-
frequency signals

Assign high -frequency components to fast

acting ESS (intra-hour or some seconds or
minutes) and low-frequency components to
slower ESYfor frequencies > 1 minute)

Pfast ESS = max { ‘Pi’:r{balance (t) ’}

[13,14]

number of data points per year ism (for example for 1
minute resolution data we have m=84600)

t
calc _ E ' hf
Efast ESS — [Pimbalance (m) )

resolution in minutes}

60 minutes
m0 . )
peale . pif (m) - resolution in minutes
stow 1SS ™ imbalance \TT* 60 minutes
m=0

Find the minimum ESSor each signal from the following
expressions

_ max { ’Efca(fsltcEss ‘} — min {|Efca(fsltcEss ‘}

Efi?‘éoelgss - So(Cmaz _ SOCm’Ln
fast ESS fast ESS
pRated max { ‘Escff)lvcv ESS |} — min {|Escff>lv‘3 ESS‘ }

low ESS — ;
o lf s So(max — So(Cmin
Pyow ESS = max j “Pimbalance (t)‘ t slow ESS slow ESS
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Time Domain Approaches [15-19]

Time domain Approaches for ESS
together with PVPPs

o Capacity of the PVPP

o Field size of the PVPP (dimensions)

o0 Average and worst rate of
fluctuations (average and high cloud
speed based on historical data)

0 Acceptable RRLby the DSO-TSO
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Time Domain Approaches [15-19]

110

Time domain Approaches for ESS = Py () = 90e~7 +10
together with PVPPs 5 s
V The BESSIs sized to support the 5 o —G
worst fluctuation case A Drop In - —pal
the PV power from 100% to 10% i
and vice versa Figure: Worst Case Fluctuation of PV
V The Power Drop isassumed to be pover todel, TR 9H9
an exponential function TZVTa_b

PBESS(t) = 100 — ’f"r'l.t - va(t)
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Time Domain Approaches [15-19]

P’l"
BESS power  Pprss(t) = 775;/ [1 -

— (0.9e_t/T + 0.1) ]

out 6000
BESS der|Vat|Ve dPBESS(t) — PPV rrlGOOO + %e_tmaw/’r
dt N T
5400
tmax = TIn
T-TT]

BESS converter rated power

Pgpss(tmaz) Ppy T.IT 5400
Pra ed — - 1 1
ted = Tooppent | [ +in [ ] ]

qut 60 T.T7]
5400
TS e T
'I"’I"l N E' rod = 0.9PPV 2700 T 7.6_5400/7—'”
T. 1800nggtttery Tl
Brated = Ef PBESS“]
0 -
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State -of -the -Art ESSSizing Methods

Time Domaln Approaches [15-19]

o Wind Speed 40 miles per hour (17.88 m/s)

o A 1 MWp PVPPoccupies an area of 10,500&
o A 9 MWp PVPPoccupies an area of 94,5004
o Scale up for 30 MWp

1

== Rar ate limit
o | \1\\ l\ (Tau=9)
=10 MW PV (Tau=30)
=30 MW PV (Tau~ 75)

>

'S

P teq = 6500kW

90% power reduction (pu)

Time (s) E,tea = 1000EW R

Figure: Effect of size of PVPP on sudden power

drop, [17] 0 BESS Power and Energy ratings are relatively
5 - higher for smaller PVPPs
5" Bl L) o Larger Size PVPP results in smoother output!
=i Because the ramping takes longer A
Sos o the cloud passes more quickly in a small PVPP
:ﬁoz rather than a large PVPP

o

0

50 100 150

200 250 300

Time (s)

350 400 450 500

Figure: Requwed BESS output for different

~ plants with o

Sizes may be reduced significantly in both Approaches if we
consider to mitigate only a percentage of the ramp rate

violations, e.g.,

95%!
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EASYRES BESS Sizing 1

BESSsize and the respective BESSconverter power in respect to the following
parameters :

o Distribution transformer rated power Y

o DRESpenetration expressed through the coefficient "Q

o ramp rate limitation YY given by the DSO/Aggregator

0 maximum ramp rate YY of the power at the POI with the upstream grid

The YY isalways defined as: AP
RR = ——

Hence, the time can be expressed by

AP
RR;,

At =
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EASY-RES Approach

EASY¥RES BESS Sizing 2
The involved BESSnergy isalways :

(AP)?

E =AP. At =
BESS RR;

Two additional coefficients are introduced in order to avoid excessive BESS
size:

V Minimum base load expressed through the coefficient Q

V Minimum base production expressed through the coefficient Q

U the time resolution/sampling of the data should be 1 minute at most (not
10 minutes or 15 minutes) .

U In the literature, there are limited data with 1sto 1 min resolution .
U Yearly profiles should be used
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EASY¥RES BESS Sizing 3

Step 1 Step 2
A c RRy, ¢ A RRyp ¢

o " 2 " -
— ‘a 1 — o
A 25

[ = c
g § Str g E (1 —=krp) - Str
I E ‘ g |3 |
0[5 Time [s] 0|5 / fkLp - Str
5|2 SDRES SR E Time [s]
< |2 <|g S

a = kp - Str a DRES

] [92]

& s - kp -+ Str

o [a)

Worst-case scenario
g L (St Spmes)’ 1 [Sw-(1+k) AP = Spres + (1 — ko) - Ser
BESS ™ 9 RR; 2 RRp,
2 2
AP (Sy + Sprzs) p_ 1 [(1—kwp)- Sy + Spmms]” _ 1 [Ser- (1= kup+ ky)]
RRL = AN A Epss 2 RR;, 2 RR
kp = % values within [0..1].
tr

Total

For PF=1, SprES = PDRES
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EASYRES BESS Sizing 4

Step 3 Step 4
RRL ," RR ) 2’ RRy ¢

// (1= kLp) - Ser

/ /1 (kip —kp| kprES) - Str

Time [s]
(1 —kpres) SDRES

= (1 —kprEs) - kpStr

P
-

.

>

(1 —krp) - Str

/17D = kpl kDRES) - Str
Time [s]

(1 —kprEes) SDRES
=(1—kprEs) - kpStr

Active Power [W]
DRES Productfon § Load Consumption

Active Power [W]
DRES Productfon § Load Consumption

APpres = Spres (1 — kprEs) APprgs = Spres (1 — kpres)
ge . _ Lt [@=kip) Sy + (1~ kpres) - Spresl _ B [ — L ). s2.
BESS — 92 RRL _ BESS 2 RRL RRM br

S, - [L = krp + (1 — kpras) - ky)*

RR;,

[1 = kLD + (1 — kDRES) ) kp)]2

1
2




Active Power [W]

.
>
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EASYRES BESS Sizing 5

RRpp v RRp ¢ Step 5

_ n o _
Eppss = Egpgs + Egrss =

(1—=krp) - Str 1

—92 .11 — 1— k12
Si - [1 —krp + (1 — kprEs) - Ky ( REL

(kLp — kp| kDRES) * Str

DRES Productjon § Load Consumption

Time [s] Step 6

(1 —kpreEs) - SDRES

= (1 —-kprges) - kpStr

V Each Distribution Grid is unique A All the coefficients
should be carefully evaluated based on DRESand Load
penetration, mixture and base case

V More details in the upcoming EASY-RESdeliverable 1.7!

1
RRy




