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v/ The Highly Efficient And Reliable smart Transformer: HEART project
~ facts.
J0 8

1+ The Smart Transformer in the electric grid: identify the LV-grid,
control the load/generation, offer services to MV-grid
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\ Highly Efficient And Reliable smart Transformer
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# Variable power Day-ahead Demand variability

1 The ST is the heart of the new supply (e.g., PV or planned power reduction: energy
e intelligent grid. Wind Turbines. supply stored during

It gathers all the info coming
from the generators, consum-
ers and storage and optimally
manages the grid.

(e.g., Gas-turbine). production peak
and supplied during

load peak.

_ Production schedule
J optimization following
price signals.

High priority loads.
Supplied with different fre-
quencies: resilient during
main grid outages.
Intelligent control of the
domestic appliances and
electrical vehicles following

— Energy Flow price signals.
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HEART Project facts

ERC Consolidator Grant (European Union Research Funding)
v One of 43 Consolidators grant in Germany (8% acceptance rate)

v'  Unique project approved in Power Electronics and Power System field.

v Facts e
— 1t May starting date isereeate
—  5-years project ‘,'.:-:0':':..0. y
— 2 Mio € funding .E.:.:e rc
— 1 Post-doc and 4 PhD’s Caele e,
—  Partnership with Aalborg University (Denmark) °."".-"

— AMYV Laboratory is under developed to carry out
the project
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The Smart Transformer

The Smart Transformer features shall
be:

v' LV and MV DC-links available
v Advanced control of all the three-stages

v The system should be able to work even
with faulty modules

v" During partial loading conditions it should
be able to fully use its rating for other
services

Smart transformer
(ST)

MVDC bus

LVDC bus
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Smart Transformer services for the electric grid

HV
ay Smart Transformer
N  Voltage support (steady state and
LVRT)
LMV » Reactive power compensation at
i HV/MV substation
L [ i * Power quality improvements
[ | | « Islanding control (high DG in LV)
o « Integration of EV-charging stations
_ P ST 2 * Integration of storage for dispatching
. L : PV - Reverse Power Flow limitation
AC LV AC LV DC LV ~ 2l
Al WT/.——/—-‘ S
. Al
¢ 4 2. s+ ACLY ZE724 « Impedance identification
2 3 2 SRR |
< /o WT /e (V4 -t }B;ss! il » Load identification
4 3 T 2ja 2| @ * Reverse Power Flow limitation
SRR T WiiAe g Wit E ()t E + ST overload control
rd T b e § | C? + Soft-load reduction
— 2| " 2 2k 2 - Damping of harmonics and
M e PV} L T () resonances

i \ » LV-side power quality
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Control of the Smart Transformer
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Grid Grid
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M. Liserre, G. Buticchi, M. Andresen, G. De Carne, L. F. Costa and Z. X. Zou, "The Smart
Transformer: Impact on the Electric Grid and Technology Challenges," in IEEE Industrial

Electronics Magazine, vol. 10, no. 2, pp. 46-58, Summer 2016.
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On-Line Load sensitivity Identification

The load can be represented with an exponential model for the voltage and with a linear dependency from
the frequency

A% f-f

P = PO <V—O) <1 + Kfp < fo O)) (161)
% Kq _

=anfip) (15 (F2)) av

V Independent of initial voltage and does not require initialization
V Only one parameter is needed for active and one for reactive power.
V The exponent is equal to load sensitivity to voltage

kP <V)Kp_1 : T, =K
av -~ P o\y, A v, ~ P
. (2) /v
a0 _ (V)9 ) a0’ 3)
av ~ Kalo Vs Vo Qo _
dV/ q
Vo

G. De Carne, M. Liserre and C. Vournas, '"On-Line Load Sensitivity Identification in

LV Distribution Grids," in IEEE Transactions on Power Systems, vol. 32, no. 2, pp. interreg EH
1570-1571, March 2017. o



On-Line Load sensitivity Identification:
algorithm implementation

P(ty) — P(tx—1) Qty) — Q(tx—1)
P(tk) Q(tk) (4)

K, = K, =
p — q —
V(ty) = V(tk—1) V(ty) = V(tx—1)
V(tk) V(tk)
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ST Active Power g w0 = B ey R
L= ‘\ f — -
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=Qa =0p =0
0.980 = ki
0.960 N /
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Soft Load Reduction

v High load consumption can affect the system stability. The generators may not follow the load
demand during grid contingencies.

v In case of perturbations (e.g., faults) or critical conditions (e.g., devices overload), the load
shedding represents an effective, although costly, solution.

v" The Smart Transformer can instead reduce the load consumption performing a “soft-load
reduction”. Controlling the voltage amplitude in LV grid, the load power consumption can be
shaped.

V_ ., AP
A PaKya + PsKyp + PoKpc

G. De Carne, G. Buticchi, M. Liserre, C. Vournas, “Load Control using Sensitivity
Identification by means of Smart Transformer” IEEE Transactions on Smart
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Soft-load reduction
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Increasing DG hosting capacity

v Typical DG penetration limits in MV feeders
v" Voltage rise during light load
' v Compensation of sudden loss of RES power
v_ If at least some MV feeder loads are supplied through STs
v" ST MV converter can apply voltage control
v" Either locally or with remote measurement
v_ ST can also provide emergency P control
v Acting on the LV connected load or DG

Main Gnid HV/MV

| 1] o 3| 4}
SRR

w
Case 1 Case 2

. Smart
Transformer

s| 6] 7] 8

T

Gao, X., G. De Carne, M. Liserre, C. Vournas. "Increasing Integration of Wind
Power in Medium Voltage Grid by voltage support of Smart Transformer." EWEA
2016. ‘ ‘
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y |
i MV feeder Test results
§ <
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103 1.03

1.025 -

- —_—
ol — — — — — — 1.025
Ui 1.02 il -_
’ -~ . —
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— — —
X Lot — —_— _ —
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L BUSI BUS2 BUS3 BUS4 BUSS BUS6 BUSJT BUSS BUS1 BUS2 BUS3 BUS4 BUS5 BUS6 BUS7 BUSE
o —¢ =No wind — =1 5MW —_ =MW
‘ —e—A.SMW —— MW ) W —0 —=75MW =MW =—h=105MW —8=I12MW ==K=13.5MW

v Without ST v With ST

v’ Consider allowed v AV limit +2,5%

overvoltage AV v' Max penetration
up to 2,5% limit 12 MW

v' Max penetration v’ Increase of

limit 7.5 MW 4.5MW (60%)
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How to rate the ST ?

Stoad = 1 MVA . Stoaa = 0.8 MVA
3 B ? 4 ] ' 4
. AC _L f DC _L DC oJBV— AC _L DC _L DC
MVAC : DC T ] DC T AC|: LVAC  MVAC : pcl | DC T AC | "vac
1 MVA /1 MW 1 MW 1 MVA 0.8 MVA 0.8 MW 0.8 MVA
(a) (b)
Stoad = 0.8 MVA
.................... - - [: Standard power processing design
31 AC 1:-7|pC ] |pC 4 . :
_1_5 : 5 T -0 3 Lower power processing / Cost saving
MVAC | : :
_______ DO D 2 hae | =3 Higher power capability / GTDA
2 MVA /800 kW 0.8 MW 0.8 MVA :
(c)

L. Ferreira Costa, G. De Carne, G. Buticchi and M. Liserre, "The Smart Transformer:
A solid-state transformer tailored to provide ancillary services to the distribution Interreg H
grid," in IEEE Power Electronics Magazine, vol. 4, no. 2, pp. 56-67, June 2017. Sudoe
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MV Stage

How to rate the ST ?

c b AN S Sy

0 Semiconductor (INFINEON)
ez Semiconductor (FUJI)

ez Cooling system volume (FUJI)
1 Capacitor

3 Cooling system volume (INFINEON) |

DC-DC Stage

=3 Semiconductor (LV side)

1 Cooling system volume (LV side)
= Semiconductor (MV side)

1 Cooling system volume (MV side)

B Transformer (wire/iron)

1pu ..

’
[

PR W FT NT

Case A Case B/C

(b)

LV Stage

-| B2 Semiconductor
| B3 Cooling system volume

1 Capacitor

Case A Case B/C

(c)
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How to rate the ST ?

. i
Total normalized cost - MV stage
[ INFINEON IGBT Module 0.98
| @ FUJLIGBT Module | F AT |7
............................ 3:
S 0.96 -
lllllllllllllllllllllllll v
(]
(o))
..................... @
= 094
..................... >
............... . e e 0.92 -
Case A Case B Case C 0.9 ‘ : : ‘ ' '
5 10 15 20 25 30
Bus No.
v }— = interreg H
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Join the PhD Course

21-23 Feb 2018

%Q Q“‘“ Half time
in Lab !

== —-— - mm wmm Industrial/Ph.D.Coursein =
== === The Smart Transformer
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www.uni-kiel.de
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