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Why direct current? P
- - g
-> Improve overall efficiency.
1000 2000 3000 4000 5000
- Increase power transmission capacity. line length [m]
w— 400 V AC cos_phi 1 (+-10% dV)
----- 400 V AC cos_phi 0.9 (+-10% dV)
----- 400 V AC cos_phi -0.75 (+-10% dV)
.. . . . = = 350 V DC unipolar/700 V DC bipolar (+-10% dV)
- Minimize reinforcement investments. ~-~ 1400 V DC bipolar (+-10% dV)

----- 350 V DC unipolar/700 V DC bipolar DC bipolar (+-25% dV)
----- 1400 V DC bipolar (+-25% dV)

Maximum transmission power vs line length; cable type
XAY2Y 4x150; max 1400 V. bipolar; p.u. of max. power
at 1m line length operated at 400 V., cos(¢p) = 1.

www.cired.at Session: www.cired2021.org




G

Scenarios for LV AC/DC Hybrid Grids

lossless conversion to DC

LVDC lines, AC customers

LVDC lines, AC customers,
PV and EV connected to
LVDC grid

LVDC lines, DC customers

MV AC grid Converter 1

MV AC grid

N
gy
28
28
e TR

£ 5O

—
(OVE

Osterreichischer Verband
fiir Elektrotechnik

www.cired.at

Session: XY

www.cired2021.org



Svynthetic Test Grid OVE
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LV rural

..................... resder__|Langthiml_|owottnes__|rrlonc
"""" LT ]
.o, '-"..

LV rural 2

30 17

LV rural 3 549

%, 69 LV rural 4 610 34 22
P LV rural 5 220 2 1
,,,,,, > .":
"""" | Length [m] m Nr of loads
LV urban 1 430
LV urban 2
LV urban 3 ___
LV urban LV urban 4

LV urban 5 450 21 19
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T « Automated simulations using
AI AUSTRIAN INSTITUTE Power Factory in the background.
OF TECHNOLOGY

' i TOMORROW TODAY )
AC vs DC in low voltage grids <1500 V . Browser based user mterface.

Max. Power vs Line Length Diagrams Simple Line Model: Variable Load Simple Line Modek: Variable Line Length Simple Line Model: Cast Calculations Synthetic Grid Simulation Synthetic Grid Cost Analysis

Synthetic Grid Yearly AC/DC Hybrid Simulation and Cost Analysis « Custom selection of simulation
model and parameters.

Select a model with or without equivalent elements ® model with equivalent elements

beside the detailed LV feeder. reduced model without equivalent components

» Yearly and daily simulations.

[ Rural feeder 1 0 Urban feeder 1

[ Rural feeder 2 [ Urban feeder 2
Select the feeders that should be changed to DC. [ Rural feeder 3 ) Urban feeder 3

[ Rural feeder 4 [ Urban feeder 4 - - -

e Economic analys|s using
DC voltage levelin V. 1400

simulation results.

@ bipolar  unipolar

Load scaling factor: 12

* Presentation of Results and

Household load efficiency gain if connected te DC 10
[%]

e * Export of Results to CSV and/or
PDF reports.

PV scaling factor. 1 Meshed Grid:

www.cired.at Session: www.cired2021.org



G

Selected Simulations N OVE

400 V AC
1400 V DC, AC/DC hybrid scenario 2
400V AC, 30% PV penetration, 80% EV penetration

1400 V DC, 30% PV penetration, 80% EV penetration, AC/DC hybrid scenario 2

More details on selected parameters can be found in the paper.
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— A 400 Vi LY urban 3 - ElmFeeder - c:Maxloading
lﬂlﬂ-i-l-l-l-i-i-l-l-l-i - — . —

seees AC/DC 1.4 kW Scenano 2: LY urban 3 - ElmFeeder - c:Maxloading
- = AC 30% PV and 80% EV: LV urban 3 - ElmFeeder - c:Maxloading

,;i 80 —-= AC/DC 30% PV and 80% EV: L\ urban 3 - ElmFeeder - c:Maxloading
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Sep 15, 2015

Maximum loading profiles of feeder LV urban 3 on an autumn day.
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1 T T
— AT 400 V: LV rural 1 u_min
—— AC 400 V: LV rural 1 umax
E e .. AC/DC 1.4 kV Scenario 2: LV rural 1 u_min
— AC/DC 1.4 kV Scenario 2: LV rural 1 umax
=h 1 s BARRASE  —= " e s s mmmm s am s e s sesananss = = AC 30% PV and 80% EV: LV rural 1 u_min
E J wmh-f.-.’--t?ll-‘ﬁﬂ.u.h*ﬁ. AC 3[.%'._'} P"'|.." a .
= w - - and 80% EV: LV rural 1 umax
= 0.95 / —s= AC/DC 30% PV and 80% EV: LV rural 1 u_min
= .
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Jun 23, 2015

Voltage profiles of feeder on a summer day.
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AC/DC Scenario 2 vs. AC reinforcement:

B0k
- B

60k

40k

total costs [€]

20k

LV rural 1 LY rural 2 LY rural 3 LV rural 4 LV rural 5 LY urban 1 LY urban 2 | WV urban 3| LV urban4 LY urban 5

Comparison of TOTEX costs for AC grid reinforcement and conversion to DC for all LV feeders in test grid, TOTEX divided in
CAPEX and OPEX (losses costs (LOSS) are indicated separately from the rest of OPEX costs) using calculation parameter from
Table 5 in paper and yearly simulation results.
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