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How will voltage and reactive power management work in
distribution grids
with high penetration of distributed energy resources?
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Stability Terms in Power Systems

Power system stability
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Related Literature
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/-[ Low Voltage Level

« PV generation
« controller dead times [And15]
» damping time constants [Mar18, Lin18]
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Medium and High Voltage Level

—

wind generation

centralized / decentralized plant controls [Chi15, Asa20]
consideration of communicaton delay [Hau17]

control interactions [Qia16, Egg21]
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No practically relevant limitations
on the penetration rate for
Q(V)-controlled PV-generators. [Lin18]

Stability is term of local controller
setting and grid interaction.
How to assess?
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Models for Distributed Energy Resources (DER) [ 1 '2[ 3[ 4{ 5 J
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N /{DER approximation using PT2-fitting }—\

Models for Distributed Energy Resources

—

/{Detailed control loop
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Stability Assessment via Circle Criterion

Multiple-Input Multiple-Output (MIMO)

]

Circle Criterion J

Qs)=1+ MB G(S) must be strict positive real

« | :identity matrix
+ Mg :diag(By, ..., Bn)

- G(S) : remaining linear system
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Stability Assessment via Circle Criterion
Multiple-Input Multiple-Output (MIMO)

|

Circle Criterion J ~
Qs)=1+ MB G(S) must be strict positive real Q(s)=1+Mg G(s) | —
0 8 8 overexcited A 9‘ A underexcited
| :identity matrix N .
. MB . diag (B9, .... Bn)
. 0 . . . . ' | Finish strict positive
G(S) : remaining linear system / Gesult: max. slope /N ‘oS
Qmaxoe"
Yes
- Strict Positive Realness can be checked v
with the criterion of [Sho08] Increase slope of
Q(V)-characteristic
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Verification and Comparison of Stability Assessment

/ DER model /L 7/ Grid model /L

- Detailed control model | PUthbn” + High voltage grids

» Approximated model « SimBench grids [Mei20] 5
vy >
c
Assessment of L
powerfactory-utils voltage .stability' resp. 2
« Toolbox for easy powerfactory interaction SIOW-InteraC’Flon _cbjo
- Python based converter-driven [
« Export of structured grid model data ‘ stability | r_jc
£
via via 7

Moyland and Hill [Kra18] Circle Criterion [Kha02]
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Verification and Comparison of Stability Assessment
Models for High Voltage Distribution Grid (DG)

synthetic distribution grid realistic distribution grid
sDG 1 rDG 1
380 kV 380 kV 380 kV 380 kV
synthetic distribution grid realistic distribution grid
sDG2 rDG2
380 kV 380 kV 380 kV 380 kV
380 kV 380 kV
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Verification and Comparison of Stability Assessment

Simulation based Verification

Constraints

DER models are based on FRC wind farm type
each DER has the same parameterization (e.g. )

Results

Circle criterion allows for much higher Q(V) slopes
than the Robust Criterion

Circle criterion is validated as it is below the
PowerFactory reference

)
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Verification and Comparison of Stability Assessment

sDG1 sDG2
, , e 120} 1120 —-—-— Grid Code
Simulation based Verification _ g [— it
90| 90| PT2-DER
T _ | I PT2-TAR
Constraints X 60} 60|
« DER models are based on FRC wind farm type = - -
« each DER has the same parameterization (e.g. ) 3 0 e R B
Sl | ol
Results m Robust Circle PF ref. Robust Circle PF ref.
 Circle criterion allows for much higher Q(V) slopes E rDG1 rDG2
than the Robust Criterion & - ' ? TR N T '
« Circle criterion is validated as it is below the = 1207 ;2 1 120¢
PowerFactory reference = ' Z '
y £ 90| g 90|
< | 7 |
- Benefits for optional PT2-models g 60 é 60l
« PT2-models are more conservative then - /g -
detailed DER model sop _é R e
« PT2-models offer a shorter computing time 0- g_ .
\ / Robust Circle PF ref. Robust Circle PF ref.
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Conclusion

{Stability Assessment of Q(V) Controlled DERs

—

\
 Introduction of Circle Criterion
« Application to MIMO systems to assess small-signal stability
« Results are much less conservative compared to previous work
« Analytic method is much faster than time-domain analysis
« DER model approximation
« Complexity reduction of DER models via PT2 fits
« Compromise between accuracy and complexity possible
« Open Source Python toolbox PowerFactory Utils to export grid data from PowerFactory
- J
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PowerFactory Utils
Python toolbox for interaction @ python'

with DIgSILENT PowerFactory

Purpose: automation and
interoperability
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Models for Distributed Energy Resources

TABLE II. PROPOSED MODEL CONFIGURATION OF DIFFERENT DER TYPES AND RELATED PT2 APPROXIMATIONS

Control loop G(s)

DER type Ref.
Voltage averaging Reactive power conirol loop
(1) o, le t
WE-FRC Or l O A0, p | +5T, O T O ] .
» ToTug — T > ¢ » T [12.
T QPCC 18,
3
1 0]
1+ sTy T40=25.K,=05.7,=02s. I;=0.1s.I,=0.25
i Ix=0.025 i
(11) U S Q . AQ . I Q I QR Q . lelsl
WE-DFIG ¢ Sk LHsTy| =sel | 1+5sTh p| o7 || Local | J 1 [17.
_ q qu 1+5T5 U-control 1+ 5T, 18
Dpee '
pCC 30]
(111) 1 A PV mnverter with fast power control 77 according to [19] can be extended by a farm control. The emerging
PVF (1+sTy)? control loop can be established analogously to (1). [19]
T =0.004 s Teso=25.K;=0.5.7,=0.25, I1=0.0033s, I, =0.1s
(iv) 0 Based on the generic step response given in TAR [24].
dist - _ _
PT2-TAR | ot explicit Qref} K k=1.D=0517.T=2.3355
(v) necessary. 1+s52DT +s2T* QPCC Based on the frequency response of detailed DER model (1).
PT2-DER k=1.D=0.747.T=1.028s
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Stability Assessment via Circle Criterion
Multiple-Input Multiple-Output (MIMO)

. . . DER 1 71
{Clrcle Criterion i—\ ACH G4 (9)
= el lu]_

Uqo1 |/ Q Qecc 1 Upcc1
71 || control > Grid model
Qis)=1+ MB G(S) must be strict positive real . Ko
DE'R n with Ugist
° I : identity matriX l//n(en) Gn(S) KQlln - Z(L?JPCC]
* MB : diag (IB'I LY ﬁn) Ugon €n / ﬁw) Q QPCCn‘ Peen tUpccn
e PR - _/ control g
« @G(S) : remaining linear system
- J On
)7, - c
we |— Gl T
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Comparison of DER models

Step response

Magnitude / dB

Time /s I
°. |
" PT2-TAR A 2 i
« hits an overshoot of 15% and a rise time of 5s a !
- Intention: a very bad, but still allowed DER control 360 F : .
PT2-DER 10~ 10 10° 10 10
- fits the frequency response of orig. DER very good Frequency / Hz
N - valid model reduction for relevant input frequencies/
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Verification and Comparison of Stability Assessment
Grid Models for Verification

_ 2 PDERinst

Egrid

DER penetration rate: P

connection
points
110/380 kV

number of

nodes Z PDER in MW

a As concrete branch length of grid is unavailable, p of related DSO grid area is presented instead.
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Backup
Grid Model sDG1 380 kV
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Backup
Grid Model sDG2 - SimBench

e /@ 5
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