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/ANZIBAR: 3 MONATIGES BLACKOUT
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NEWS
Week-long blackout hurts Zanzibar

Businesses in Zanzibar are closing
down and residents are bemused as
a power cut affecting the whole of
the Tanzanian island enters its
eighth day.

The BBC's Frederica Boswell in
Zanzibar says there has been litile
official information about the blackout.

It began after a massive power failure in
Tanzania; power was restored quickly
on the mainland, but not in Zanzibar.

The price of water has doubled on the island

There are concerns that without running water, usually pumped into homes,
there could be an outbreak of cholera.

It is Zanzibar's worst power crisis for years, our correspondent says.
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INSELN WERDEN “GRUN"

D

Penetrations Limit (55% fiir Ireland)

decreasing demand
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increasing wind : 50% wind
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Bildquelle: http://control.ee.ethz.ch/~floriand/docs/Slides/Dorfler_Low_Inertia_2017 Extended.pdf
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UMSO KLEINER, UMSO SCHWIERIGER

Grid frequency

annlasasiy

Bildquelle:Energie-Museum Berlin
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UMSO KLEINER, UMSO SCHWIERIGER

Westberlin verbindet sich wieder mit Kontinentaleuropa

Grid frequency

December 9, 1994

Q Bildguelle:Energie-Museum Berlin
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FRAGEN ZUR STABILTAT GRUNER NETZE ,

Overarching Questions: i
1. How to improve resilience with new methods developed at PIK?
2. How to enable a dynamically stable integration of renewable energies?
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AUSGEWAHLTE FORSCHUNGSTHEMEN

1. How to improve the . How to enable a dynamically stable
p h eal 2. How t ble a dy lly stabl
grid’s resilience? _s+ Integration of renewable energies?
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NETZRESLIENZ

... gegenuber Extremereignissen

|dentifizierung von
Schwachpunkten im Netz

Durch neue Stabilitatsmethoden
(Basin Stability, Survivability)
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LEISTUNGSELEKTRONIK & NETZSTABILITAT

“netzfolgend”
> Mess-& Reaktionszeiten

averaging time T=0s

1.0

VBasin, Re[A] [1/s]

delay 1 [s]

“a response based on dP ~ df/dt [...]

has been found to have adverse impact

on system stability if it contains even
minor delays in measurement and

control actions” ENTSO-E guidance document

“nhetzbildend”
> frequenzformend & virtuelle Tragheit
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o EE-Einspeiselimits & Abregelung
(z.B. Irland)
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ROBUSTHEIT GEGENUBER FLUKTUATIONEN
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WAS BRINGT DIE ZU KUN FT? elena-international.com
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Forschungstransferprojekt am PIK: elena (Electricity Network Analysis)
* Beratung zur Ermoglichung von 100% EE Stromnetzen

* enge Zusammenarbeit mit dem PIK
* Open-Source Python libraries flr statische und dynamische Netzmodellierung

Sabine Auer Christina Horn Tim Kittel
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PiLOT PROJEKT

2 Microgrid Kommunen in Alaska
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Danke fir die Aufmerksamkeit!
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BACK-UP SLIDES
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RENEWABLE GENERATOR DYNAMICS

Inverters can be programmed in different modi to do:

1) Droop control for frequency stabilization w, () = Po(t) = Py; — iw-(t)
L ,L T L
Pj

input signal: w; (t), ouput: P;(t),
measurement time for : w;(t) would lead to:
P;(t) < w(t — 1) (B. Schaferet. al., EP) ST 2016)

2) Droop control for frequency setting

! w;(t) = P(t) — Py

(virtual synchronous machines or “netzbildend”) w(t) == kp,

input signal power deviation P;(t) — P, ;,

output signal: w; (t)

low pass measurement of power:

TPEPM,i(t) = —Py i (t) + P;(t) (Schiffer et. al. P, ; - desired active power setpoint
IEEE, 2013) P; - actual active power

kp, - droop constant

S == == === 17
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Two ways to perceive inverters
1) first leads delayed differential equations
2) other approach from Schiffer et. al. IEEE, 2013

droop control for low pass measurement
frequency stabilzation (acts as integrator)
1 :
PM,i(t) — Pd,i = _k_ (Ul'(t) & TPiPM,i(t) = _PM,i(t) + P; (t)
P;
v
Hid)i (t) = _Dlwl(t) +Pd,i _Pl(t) PI= KU Sm(Bl—Bj—aU)

with virtual inertia H; = tp /kp.and damping D; = 1/kp.

D
y

Sabine Auer, Strommarkttreffen, Berlin, 22. September 2017 18

-
=



SMART ELECTRIC VEHICLE CONTROL

Avoid demand synchronization
With demand ramping
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