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ESTONIA Area: 45,227 km?
- Population:1.35 million
‘ 3. Capital: Tallinn
] u"t! 'A \ Currency: Euro
l Estonia leads Europe in startups, unicorns,

Iruiiie m

and investments per capita (5.2 startups per

@"'ll capita)

omania NATOs Cyber Defence Centre (CCDCOE)

TWIfe g ID.me
. et

® Bolt

Cooperative Cyber Defence s ' A RSH ’ p
Centre of Excellence
Tallinn, E lia

CCCCC




TALLINN & ursm
. ¥IEEE

Population: 440.000

Historic Centre (Old Town) of Tallinn: UNESCO world
heritage

Coast of the Baltic sea

Annually welcoming over 4.5 million foreign visitors
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TALLINN UNIVERSITY OF TECHNOLOGY

“ Established in 1918, Tallinn Technical University (TTU)

“ Since 2018, the Tallinn University of Technology (TalTech)

“ More than 30 courses between Bsc. Master, and PhD

“ More than 10.000 students from different countries

“ School of Engineering

B - B “ Department of Electrical Power Engineering and Mechatronics
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SIE Pg_ Power Electronics Group

A

Part of TalTech — the Estonian leader in technology and innovation
Was founded in 2006. Recently has 20+ researchers and annual research budget over 1.5 mi EUR

Largest research center for applied power electronics in Baltic countries and active member of the
European Center for Power Electronics (ECPE e.V.)

Co-founder and active member of Estonian Centre of Excellence in Zero Energy and Resource
Efficient Smart Buildings and Districts (ZEBE)

Founder of I3DC initiative
First academic member of Current/OS foundation

E‘H ] @ i* DC CurrentC=)S .. FLFE

Zero Energy Centre Accelerates Energy Transition
of Excellence

16th Seminar on Power Electronics and Control - SEPOC 2024
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Power Electronics Group

(:] Centre of Excellence i3 Dc CUPPentE)S l’_'IFE

in Energy Efficiency Accelerates Energy Transition

16th Seminar on Power Electronics and Control - SEPOC 2024 6
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= Dmitri Vinnikov, IEEE Fellow

= PV converters
* Impedance source converters

. " Edivan L. Carvalho, IEEE Senior Member
= AC grid integration of buildings
= AC-DC converters

= Andrii Chub, IEEE Senior Member

= PV converters
= Partial Power converters

= Andrei Blinov, IEEE Senior Member
= Battery and EV chargers
= Current-fed converters

16th Seminar on Power Electronics and Control - SEPOC 2024 7



=2-(  EUGREEN DEAL - Towards 2050 NZE Pathway

A

By 2050 the EU aims to become the world's
having an economy with net-zero
greenhouse gas emissions (NZE)

is considered one of the key strategies to
reach NZE goals

The in the final energy consumption in
2050 is targeted to be

By 2050, almost of electricity generationin EU is
expected to come , with wind and

solar PV together accounting for nearly 70%

Much of the NZE need will be met by shifting towards
and
demand of buildings using heat pumps

In 2050, electricity will become the dominant energy
carrier for the buildings in EU: the prognosed growth in
demand by 2030 is 12% and 35% by 2050

Share of electricity in total final energy consumption
in the NZE scenario (2005-2030)

NZE
Buildings

Industry
Final consumption

Transport

2005 2010 2015 2020 2025 2030 2035

www.iea.org




© =7 Energy efficiency of buildings: AN ISSUE & UFSM
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= Buildings consume (and wgstg...) too-much energy: Energy consumption by sector
= Annual energy consumption in Estonia 33...34 TWh/y
= Share of buildings 50% (w/o industrial buildings) P s Computer 1%
= EU average 40% == Cooking 5%
mmm Electronics 7%
) N m= Wet clean 5%
o . Res'zd;pt'al mm Refrigeration 8%
= Currently, roughly 75% of buildings in the EU are not (22%) s Cooling 12 %
energy efficient: 'n(g;;)fy s Lights 11 %
= 85-95% of today’s buildings will still be in use in 2050 Buildings e
S B momese
. . . . = Cooking 2%
= To boost decarbonization the EU requires all new e == Computer 3%
buildings from 2021 to be nearly zero-energy buildings ° m Refrigaration 4
mmm Office equipment 6%
(nZEB) Commercial —Ventil:t(i]onpe%
(18%) mmmm \Water heating 7%
—Coolirjg 3%
= nZEB (or class A building) : ———
= fully covered by energy from renewable sources and e T e

without on-site carbon emissions from fossil fuels
www.seas.ucla.edu
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“(C Labelling of buildings
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= EC’s Energy Performance of Buildings Directive (EPBD)

= Labelling of energy efficiency of buildings
= EPBD requires all new buildings from 2021 to be nearly zero-energy

Table 2. Estonian energy labels for the three categories of detached houses D1, D2, and D3; EPC
(kWh/(m?Za)).

En. Label D1 (EPC) D2 (EPC) D3 (EPC)

| A <145 <120 <100 |
B 146-165 121-140 101-120
c 166-185 141-160 121-140
D 186-235 161-210 141-200
E 236-285 211-260 201-250
F 286-350 261-330 251-320

| G 351-420 331-400 321-390 |
H 2421 2401 2391

Building

Energy certificate
Building material
Parking

Extra spaces

D1, <120 m?
D2, 120-220 m?

B

brick house

free parking

basement
wardrobe

Utilities
Heating type
Energy source

Sanitary
arrangements

Stove

Communications

radiator heating
district central heating

shower
washing maschine
has central sewerage

induction

digi-tv

internet

cable tv

fiber optic internet

D3, >220 m?

energy.ec.europa.eu
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* Importance of high-efficient buildings in Estonia:
* Intermittency is a challenge for planning.

Summer Winter
Power demand Power demand
1.0 4
2 05 g 3
g 00 o 2
S o5 Total load c;, 1 — Total load
’ — Reaulted demand o — Resulted demand
-1.0 - 0
PV generation PV generation
4 4
g ° s 3
5 2 o 2
5 3
0 4 8 12 16 20 24 0
Ti h 4 8 12 16 20 24
ime (h) Time (h)
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@ Nearly zero-energy buildings today
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= In practice, NZEB consumes up to 4 times less energy than the traditional
ones | |ENERG ENERG 33
= Energy efficiencyis the main feature of ZEB - PV installation (backed up with  [ereesmucesoresstone |- fesrenie sorsnce suressrons
energy storage), heat pump, heat recovery ventilation, energy-efficient XA+ |
appliances and lighting, smart control of loads — N~ IR
= nZEB: : C—
= High energy performance (low energy consumption) [ X
= Localrenewable generation C—
= Most of energy saving technologies are based on power electronics s o o e
AN
iy G A etion Ly XYZL YZ. xv‘g-(vz% XYZ L YZL xv‘t):—(vz%
A v nsnon
THE PRINCIPLES AND APPL
<€
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Power electronics for AC-based nZEB today

<€
AC is rectified in every appliance, reducing efficiency, reliability, and power factor
Power factor is an issue
Renewable generation LED lighting ELVDC loads Air conditioners Home appliances Energy storage Eletric vehicle chargers
‘@ % T
gaan h (& T J
4 B e =
Eff: 97-99% | = Eff: 97-99% | = Eff: 97-99% | = Eff: 90-98%| "\ Eff: 90-98%| U Eff: 97-99% | = Eff: 97-99%| ==
AC utility grid pZe A A A A, A A
L osses: 5-15% L osses: 10-20% L osses: 8-20% L osses: 8-20% L osses: 8-20% L osses; 4-10% Losses: 4-10%
. 4 L g L g L g L g . 4 L 4
PFC: 0.4-0.8 PFC: 0.4-0.8 PFC: 0.95 PFC: 0.8-0.95
L 4 L 4 \ g \ g 4 & L 4
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Power electronics for AC-based nZEB today

- . ®IEEE
= Power Factor Correction (PFC) is required only above 75 W, and the energy efficiency is
further affected by a non-unity power factor
= Cumulative energy waste could become significant, evenin installations where low-power
devices are dominant
GU10 LED bulb (4.3 W) Laptop charger (65 W)
1 Urms 23237 V
1 Umms 1 — 2240 v 2 Irms 05766 A
2 Irms 1 — 00337 A ﬁ g 16353;0999 Eﬂ\
3 P 1 — 433 w .
5 Q 117.12 var
o ‘ B O 6 Uthd 1122 %
54 1 - 65  var 7 lthd 86841 %
6 Uthd 1 — 0.964 % 8 PFE 0.4858
7 Ithd 1 — WA % ) Udc 19.243 v
B PF | — 0.5534 C’ D
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“ The elephant in the room: AC generates more electronic waste




S E P@ DC power distribution: the next-generation of nZEB

<
efficiency and self-consumption of renewable energy due to the less energy
conversion stages (DC can save up to 30% of energy waste)
—only active energy is delivered
Simple coordination and control, better resilience, and energy security
Renewable generation LED lighting ELVDC loads Air conditioners Home appliances Energy storage Eletric vehicle chargers
:@: % =
ganamn [y & T =
B 4 <
Eff: 97-99% | = Eff: 97-99% | = Eff: 97-99% | = Eff: 90-98%| U Eff: 90-98%| "u Eff: 97-99%| Eff: 97-99% | =
AC utility grid

DC grid-forming

Eff: 90-98%
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Main initiatives towards DC

= Current/OS Foundation: protocols under development

= NPR9090: first national practice guidelines for DC (2018) CU Pf‘ent&)S

NaLra TRIDONIC ﬂEﬁﬁE"k vz Elne,., 1 prysmian LNINOYA Mic
£§ INNOVENTUM TA& P DEKRA @ Solutions y EENE 58 o wams in
TE H NMi S
vierseN (0Opportunities g ALENCON sc?ﬂﬁ'gﬁf SIEMENS W) DAMSTRALAE &
s Amperne)t Qe “stagx’ 74N w25 epic power J\Jexar
;’0 — A Ik D ascara Ene A microgrid g‘kh;':i&?z
e WORLD4SOLAR ‘alld O oo N SORVER . g:] §




S22 Voltage levels, according to Current/OS & UFSM
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A

Voltage levels and bands are selected according to the application
Industrial-scale: 640-760 Vdc
Building-scale:320-380 Vdc
ELVDC: 24-57 Vdc

Droop controlis to ensure between different sources and loads
1080 Vg -+oeerivenee ( OV protection ) ....................... 540 V4
540 }-©

T60 Vg roveereivenned ( Over supplied ) ............ o 380 Ve 3é0 L&
>
% 350

700 Vg -oeericenns ( Normal operation ) ............ Av - 350 Vg %
o
© 320 |

BA0 Vg -voeveerieene ( Under supplied ) ............ LWV 320 Ve 25:0 Lo

-1.00 075 -050 025 000 02 050 075 1.00
Processed power (p.u.)
500 VdC .............. ( Emergency ) ......................... 250 VdC
I
—(  Blackout ) > 0 Ve

< Indugtrial-scale Building-scale Cur‘f‘ente)s >
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Protection zones and isolation requirements

A

Protection zones are defined according to the

and

~
dc loads (USB PD)

Isolated interlink converter

N

4 3\

Power distribution dc bus

g Q\IF Solid-state protection

o]

3 T

% o[ | o

s

E ¢ oo

E 8., O emm— O

& QIF 3 Z Isolated Smart Energy Router

X d —_— — = Y ! .
Zone 4: current limited loads Zone 3: current limited sourcei % Z %

\ / > O GEEES O é

o : o 2
% m —
5 S : Distribution transformer

5

(2]

3 —
LB

3 Fuses and breakers
©

g

=l o i . . Zone 0: unprotected sources (isolation is
o Zone 2: protected sources with limited overcurrent Zone 1: protected sources with high-short current required between the ac and dc parts)

N J J \ J

(NPRS090)

4 A

Zone 0: High current sources, with
unlimited overcurrent, e.g., battery
banks, 5 MW generators, utility grid:

V <15kV

I > 500 A

Zone 1: dc-dc converters with limited
current and high short-circuit currents,
e.g., renewable sources protected by
fuses. ELV sources:

V <15kV

| <500 A

Zone 2: dc sources with low short-circuit
current. Residual current devices (RCD)
are required:

V < 120 V dc (dry env.)

V <60V dc (humid env.)

V <30V dc (wet env.)

<50 A

Zone 3: Electronic protection without
short-circuit current. Only RCD is
required. Sources up to 1 kW.

Zone 4: Consumer dc buses with very
limited overcurrent. USB-C and other
devices.

Current DS N
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Protection zones and isolation requirements

<€
Protection zones are defined according to the and
( dc loads (USB PD ([ 1 A
c loads o
( ) Isolated interlink converter Power distribution dc bus
£ s Solid-state protection
D SR
3 oo
g
E) [ oo
g QP g ==
® IS Isolated Smart Energy Router
Ak J— ! o
> % o — — b3t
w cn— 8
3 - o
Zone 4: current limited loads Zone 3: current limited sources % Z N | 5
> / | e==e g
~N ________ «
s N 2
% m I
c . . .
R d I Distribut transf
_% aEEES [ istribution transformer
T BEBE6
s n BeEaze
o) EEEEE| . :
= BEEEE
T BEEEE Fuses and breakers
©
g
e . . Zone 0: unprotected sources (isolation is
T Zone 2: protected sources with limited overcurrent Zone 1: protected sources with high-short current required bpetween the ac ancg dc parts)
\ J J J

(NPR9090)

Zone 0: High current sources, with
unlimited overcurrent, eg., battery
banks, 5 MW generators, utility grid:

V <15kV

| > 500 A

Zone 1: dc-dc converters with limited
current and high short-circuit currents,
e.g., renewable sources protected by
fuses. ELV sources:

V <15kV

| <500 A

Zone 2: dc sources with low short-circuit
current. Residual current devices (RCD)
are required:

V < 120 V dc (dry env.)

V <60V dc (humid env.)

V <30V dc (wet env.)

| <50 A

Zone 3: Electronic protection without
short-circuit current. Only RCD is
required. Sources up to 1 kW.

Zone 4: Consumer dc buses with very
limited overcurrent. USB-C and other
devices.

Current DS N
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Previously publication and background

E. L. Carvalho, A. Blinov, A. Chub, P. Emiliani, G. de Carne and D. Vinnikov, "Grid Integration of DC Buildings:
Standards, Requirements and Power Converter Topologies," in IEEE Open Journal of Power Electronics

i-AFE Converters (Classes)

LF transformer Quasi single-stage Single-stage

T-Type based Interleaved

Two-level (2L) Multilevel Two-level (2L) Multilevel Two-level (2L)

Unfolder

Non-resonant Resonant Non-resonant Resonant Bridge-based Non-resonant [ Quasi-res.

T-type based
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Grid-interface converters and fuctionalities

8 UFsm
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Bidirectional power transfer

Galvanic isolation (between AC and DC parts)

Power 5-10 kVA

Droop control operation(voltage range defined by the standard)

Anciliary services for the AC grid side

Grid Interface Converter

Ancillary and basic services

compensantion

Harmonics mitigation| | Soft-starting
Voltage regulation OV&UV RT
Power unbalance PEC

Buijreubs
sng D@ % [041uo0d dooid

-1l0 -08 -06 -04 -02 000 02 04 06 08 10

Processed power (p.u.)
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Anual energy consumption: 10187.46 kWh

Phase-2

20.7 %
(2113 kWh)

' Phase-3
Parameter Value 70.6 %
Locati Estonia, Talli
ocation stonia, Tallinn Phase-1 (7196 kWh)
Heated area 176.7 m2
Total power of PV 5 kWp
Model of HP Thermia Atec HP 11
COP of HP COP 3.8 (+7/+45 °C)
Habitants 4
<€
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Problems of existing installations

Power demand/phase

Energy(kwh)

Energy(kwWwh)

Energy(kWh)

0.10

0.05

0.00

-0.05

-0.10

—0.15 A

0.12

0.10

0.08

0.06 -

0.04

0.02

0.00

—0.02 1

-0.04

0.12 A

0.10

0.08 A

0.06

0.04

0.02

0.00 |

-0.02

Hourly Energy export and import on each phase(1 may 2023(5 mins Interval)

50 P1 Import
P1 Export

A

0800 0040

1120

Time

13:00

14:40

[ P2 Import
P2 Export

1120

Time

13:00

14:40

I P3 Import
P3 Export

1120

Time

13:00

14:‘40

Tek Run i Trig'd
u

-V, [250 V/div]

ip: [B A/diV] : ~ Time: [10 ms/div] |
- 250V ) ¢ 250V . 8.00 A - @ 8004 ITlﬂAlﬂll‘II!‘ - :g:/\m'f:isn“ - 5 000V

Telc Run i Trig'd
u

- Va: [250 V/div]

wozsovidiv T [ AT div]

in: [8 A/ div] . Time [4 mg/div]
[C FHIE @ 5005 @ 5004 ]?I‘o!im:s‘ J[fzg/\mg:isms_l[_a} o‘uovJ

14 0ct_2024
15:41:34
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@ Power electronics solutions

Isolated

iI-AFE based on voltage source (2L-VSC) and dual-active bridge (DAB)

converter: ac-dc+dc-dc

Power-balance capability

converter (i-AFE)

A flat efficiency curve is the main challenge

Efficiency up to 95.8% / 5-kW

ia: [10 A/div]
™, AN

o S LA

Va: [250 V/div]
\ /\ /\/\ N
\/
/ / \_/

Ve [250 V/d|v]

E. L. Carvalho, A. Blinov, A. Chub, D. Vinnikov, "Design Considerations of Dual-Active Bridge DC Grid-Forming Converter for DC Buildings", in Trans. on Industrial Electronics

/ /

TN ‘//"‘ Pl
/
\_/" g
A f*k
J\/

Time: [10 mg/ div]
J[WH [ BSEEITY

Izolated active front-end conversion

ac grid

P

dc

DAB-based (izolation between ac and dc parts) :

700-800 V.

M1 dg .
: 1~ dc
: i 1

DCT

dc electrical installation

de,

— 7 dlc

dg,

1~ dc

320-380 Vg,

Operation under droop control

Vie-2 - [100 V/ dlv]

L —

[‘
e : [20 A/ div]

o —

P
(| |l

(T
Vaiur —Fiwn W

T i Tt A N S

o Tl A Ty X

>



SEP

= Single-stage i-AFE:

Power electronics solutions

A

= Lower number of sensors/feedback loops
“ No intermediate DC link

= Compelex modulation strategy

. dc electrical installation i[5 Al div
Single-stage I-AFE
. B
Matrix-based : A A B L . 1
ac grid : I
Al l

: - T e

< ) ac - A B Veee![0.5 KV/ diV]

: ' dC D(: de - o me o B

i :[2.5 A/div] Time: [10 ms/div] 390350 V Www«-vpﬂm (1 kV/div]
: - ' de :

© Operation under droop control

ia:[2.5 A/div]
iv :[2.5 A/div]

g

E. L. Carvalho, A. Blinov, A. Chub, D. Vinnikov, "Three-Phase Bidirectional Isolated AC-DC Matrix-Converter with Full Soft-Switching Range", in IEEE ACCESS
<€ >
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= Single-stage i-AFE:

Power electronics solutions

A

= |-GIC based on matrix-converters (bidirectional switches)
= Full soft-switching operation

= Peak efficiency 96.7 % (96.5% / 3.5 kW)

Efficiency curve
— idc
S 100 F S !
~— 1_T I °
g X Ik I\zs L5, \£=S,
Q@ 9 - O/O/CF—_O_H—H } SS B } S3 B S1—B
2 94+ i .
% 92 r a -a MM oo i
2 90t b, sm Lk &E_ L
ﬁ 88 + c ic e n:1 Cae
2 o s, §
2 84f Se-T Sat Sat N L
% 82 ! 1 ! ! 1 1 1 ! T Zx - 88 T ZS __810
£ 03 07 11 15 19 23 27 31 35 39 Sz
Output power (KW)

E. L. Carvalho, A. Blinov, A. Chub, D. Vinnikov, "Three-Phase Bidirectional Isolated AC-DC Matrix-Converter with Full Soft-Switching Range", in IEEE ACCESS
<€ >
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ac grid connection (230 Vms)

power router for prosumer DC buildings
High-frequency
Input 230/400 VAC, output 350 VDC,
Droop control protocol

Efficiency curve optimized for part-load operation based
on statistical data (>97 %)

’
0
0
#
/
B
:

Possible configuration with
F-\N - - .
T Intermediate dc bus (800 V ) Power distribution bus (350 V 4)
/‘F . Idc ’ ’0\\ \;",
} S } S } S 0 S } S } Sit } S13 —
MM T Caer ipri I sec —
|||_4 > > o 21T
N Vde-1 o Lik ; —— Vie.2
s e —_— Cdc 1 ] Cdc 2
}Sz &54 &Se ,}SB ]S Sio0 } S } Sis

T |nput filter (LCL)




Design targets and priorities & UFSM
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Aplication oriented design
Investigate actual operational profile

S100F

5\ -

* Indicate most probable working conditions 2 %y .

. . . . B ol Design for dc buildings

* Optimized design considering the droop curve = N |
' ss | Conventional design
_

Average energy consumption 2 “r ¢ . . . . . . .
4% (< 1 kW) g 02 03 04 05 06 07 08 09 10 11

kel

Output power (p.u.
. 4% (>5kW) put p (p-u.)

40.0F 37 %

g "

=300} 53

g 200 I I .% 5%

£ 1000 40 ! I 4%
ool HE . . . __m |

<1kW 1-2 kW 2-3 kW 34 kw 4-5 kW >5 kW
Power consumption (kW)

13 % (4-5 kW)

E. L. Carvalho, A. Blinov, A. Chub, D. Vinnikov, "Design Considerations of Dual-Active Bridge DC Grid-Forming Converter for DC Buildings", in Trans. on Industrial Electronics

<€
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Effect of droop control on power converter efficiency

<€

Similar component count DAB

Different control design constraints
Possible operation at full soft-switching
Flat efficiency curve .

Vour: [S0 V/div]

Vpri [500 V/ div]

Veee: [500 V/ div]

it : [20 A/ div]

Time: [4 pg div]

Design constraints

Power converter topology

SRC

| Vout: [50 V/div] ]

o
N NV NN
it:[20 A/ div] - Time: [4 pg/ div]

8 UFsm
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Dual active bridge vs Series resonant converter: How to optimize the efficiency curve for buildings?

{ | . o > 7 \0)
- lin lout
St Ss ’ S S
° —| MM — °
R reSCreS le%”g Ilres ——
Cin n:1 Cout-X
S Sy E Se S
1.0 -0.8 06 -04 -0.2 0.00 0.2 0.4 0.6 ° ¢ )

Processed power (p.u.)

E. L. Carvalho, A. Blinov, A. Chub, D. Vinnikov, "Design Considerations of Dual-Active Bridge DC Grid-Forming Converter for DC Buildings", in Trans. on Industrial Electronics

>
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Efective operation area

Effect of droop control on power converter efficiency

@

A

Conventional design: designed to operate within a of output power or voltage

Operation under droop control: the processed power is constrained to follow a , Whichis
determined by the droop control

3 100} Loy 1
> B —~ i
= < 05}
-g 0.75 Operation area % -
% a O
E 0.50 % B
- i 0.5
< 0.25F 8 L
85 i o 1.0} o Q
OOO(/ 1 1 1 1 1 1 1 0 1 1 1 I 1 1 1
0 w4 ™2 34 m 0.8 0.9 1.00 1.1 1.2
Phase-shift angle (rad) Conversion voltage ratio (m)

E. L. Carvalho, A. Blinov, A. Chub, D. Vinnikov, "Design Considerations of Dual-Active Bridge DC Grid-Forming Converter for DC Buildings", in Trans. on Industrial Electronics

<€ >
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Dual active bridge operation

Effect of droop control on power converter efficiency

A

_ N - Vin' Vout’ 0 - (TI'—5)
2T|2 ' fS OLIk.

Wide soft-switching range vs high reactive power

Output power Soft-switching boundaries

~ | [— Active power (W) — I — Ly= 75pH
3_ 1007 | Aparent power (VA) 2 0.60 I — Ly = 150 H
? 0.75 % 0.45F Soft-switching
Y’cu 0.50 = 0.30¢ \ )
= 2 - Hard-switching
< 0.15¢ )
% 0.25 S
o 0.000 L L L L L 1 1 0 - 0.0 1 1 1 1 O |
0 74 ™2 374 ™ 0.40 0.60 - 080 _ 1.0 1.2
Phase-shift angle (rad) Conversion voltage ratio (m)

E. L. Carvalho, A. Blinov, A. Chub, D. Vinnikov, "Design Considerations of Dual-Active Bridge DC Grid-Forming Converter for DC Buildings", in Trans. on Industrial Electronics

<€ >




SEP#

Dual active bridge operation

Effect of droop control on power converter efficiency & UFSM
. ©IEEE

A

How does droop control affect soft-switching operation?

ZVS-on boundary / droop control line Soft-switching boundaries

1.0 %% — I — Lx=75pH
<) —— ZVS-on boundary : L Ik M
E 05 —— Droop control line 3 0.60 N —— Lix = 150H
% i % 0451 Soft-switching
0 -
% i 2 0.30¢ \ )
05} > ‘5 B Hard-switching
g I S 0.15¢ ,
D— — - o L &
10 Il 1 1 1 1 Y \|> OO 1 1 1 1 1 o, 1
0.8 0.9 1.00 1.1 1.2 0.40 0.60 0.80 1.0 1.2
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E. L. Carvalho, A. Blinov, A. Chub, D. Vinnikov, "Design Considerations of Dual-Active Bridge DC Grid-Forming Converter for DC Buildings", in Trans. on Industrial Electronics
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Dual active bridge operation b
How does droop control affect soft-switching operation? J
Vgss i [5 V/div] Vgse: [5V/div]
Time: [0.8 ps/ div] ‘Time: [0.8 ps/ div]
ZVS-on boundary / droop control line Soft-switching boundaries
1.0 1% _ I — Lyg=75pH
<) —— ZVS-on boundary : L Ik M
% 05 —— Droop control line 3 0.60 i — Lk =10pH
% i % 0.45F Soft-switching
o 0 S i
% i 0.304 \
05} y @ r Hard-swit ching
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10 | : : | | | \-I’ \|> OO I I 1 I 1 0,
0.8 0.9 1.00 1.1 1.2 0.40 0.60 0.80 1.0 1.2
Conversion voltage ratio (m) Conversion voltage ratio (m)
E. L. Carvalho, A. Blinov, A. Chub, D. Vinnikov, "Design Considerations of Dual-Active Bridge DC Grid-Forming Converter for DC Buildings", in Trans. on Industrial Electronics
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Dual active bridge (5-kW/100 kHz)

Effect of droop control on power converter efficiency

A

. Design 1 Design 2
Series resonant converter (5-kW/100 kHz) oo o
Shall Sl
298| 298|
g | 5
. % 97: % 97:
Design 1: B g6l B gl
S —— DAB ‘g | —— DAB
Primary side switches C2MO0160120D (1200 V/19 A), 160 mQ /47 pF 'LEU; o5l — SRC % 95| —— SRC
1 1 1 1 1 1 1 1 1 Lu 1 1 1 1 1 1 1 1 1
Secondary side switches C3MO0120065D (650 V/22 A), 120 mQ /45 pF 10 20 30 40 50 10 20 30 40 50
Output power (kW) Output power (kW)
0 —— DAB i —— DAB
570' —— SRC < 70! —— SRC
. 50 i
Design 2: g _ g sof
Primary side switches  UF3SC120009K4 (1200 V/65 A), 73 mQ /210 pF e | ll S ll
Secondary side switches UF3SC065007K4 (650 V/120 A), 8.8 mQ /1190 pF g . 10 JJ | i
Psucond)  Psw(switch,) Ptranst. Psacond)  Psw(switch) Ptranst.
Distribution of power losses Distribution of power losses

E. L. Carvalho, A. Blinov, A. Chub, D. Vinnikov, "Design Considerations of Dual-Active Bridge DC Grid-Forming Converter for DC Buildings", in Trans. on Industrial Electronics
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A

DC Distribution
in a Building

Thermally insulated for year-round operation

350V droop-controlled microgrid (
)
Heat pump fed from DC

composed of 5 ¢-Si PV modules

with 3 south-facing and 3 north-facing c-Si PV
Heat Pump and Ener;: m Od u le S

Recovery Ventilation

fed from DC

Solid-state protection (
)

DC appliances (continuous development)
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Driven by Luminaries
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Undergoing concepts
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FLEXIVERTER = FLEXIble ConVERTER

= Novel power electronic building block for fast
deployment of residential DC systems:

= Aimed at nano-producers (<800W)
= Universal compatibility:

-anyresidential PV module and 24V or 48V
batteries at the input

- standard 350+30V or 700+60V microgrid at
the output

= Efficiency 98% for both operation modes

= Integrated soft-start and solid-state protection
for compatibility with Current/OS protocols

PC: Andrii Chub

R: Salman Kahan

V. Sidoroy, et al. "Novel Universal Power Electronic Interface for Integration of PV Modules and Battery Energy Storages in Residential DC Microgrids," in IEEE Access
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FLEXIVERTER =FLEXIble ConVERTER

Low-voltage Input Bridge

Vi mmm C

T

S1 S3 |
— —
Sih: ISiE
. | |
\ ipm‘ + I I -
(el
Viri
52 | 54 |
— —
i JmiT

High-voltage Output Bridge

Step-up Isolation Transformer

PC: Andrii Chub

—l_) Ve

R: Salman Kahan

V. Sidorov, et al. "Novel Universal Power Electronic Interface for Integration of PV Modules and Battery Energy Storages in Residential DC Microgrids," in IEEE Access
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A

FORCE =Fractional POweR ConvErter

= Ultra-efficient — over 99% for 25%+ load
= Optimized for 350+30V residential DC microgrids

= Designed for second-life LFP battery stack of 109 cells,
approx. capacity ~8 kWh (depends on degradation)

= Patented control with soft-switching in the entire range

= Soft-start and embedded solid-state protection for
compatibility with Current/OS DC microgrid protocol

= Ready for emerging bidirectional monolithic GaN switches
(by Infineon)

PC: Andrii Chub

R: Neelesh Yadav

N. Hassanpour et al. "High-Efficiency Partial Power Converter for Integration of Second-Life Battery Energy Storage Systems in DC Microgrids," in IEEE Open Journal of the Industrial Electronics Society
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N. Hassanpour et al. "High-Efficiency Partial Power Converter for Integration of Second-Life Battery Energy Storage Systems in DC Microgrids
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PC: Andrii Chub

R: Neelesh Yadav

," in IEEE Open Journal of the Industrial Electronics Society
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g_ Undergoing concepts

A

UBICHARGER - low-power EV opportunity Charger

= Charges EV and employs energy stored in it for the
emergency backup power supply of ZEB

= High-frequency galvanic isolation
= Power 3...7.4 kVA, universal EV-side range of 200...800 VDC

= Droop controlled according to Current/OS (in emergency
bands)

= High weighted efficiency of >97%
= Low-cost single-stage design

PC: Sachin Chauhan

D. Zinchenko et al. "High-Efficiency Single-Stage On-Board Charger for Electrical Vehicles," in IEEE Transactions on Vehicular Technology
<€ >
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Undergoing concepts

UBICHARGER - low-power EV opportunity Charger

e

.................................................... M udufej“‘ ";'* ' IGUT -
J}L IR m

1 74 MCH 1 »—T | PC: Andrei Blinov
Vmopi m EL;TX”” | —

CDE | Vour

e N TS
e Modulen+1 ST PC: Sachin Chauhan

Module 2 e

D. Zinchenko et al. "High-Efficiency Single-Stage On-Board Charger for Electrical Vehicles," in IEEE Transactions on Vehicular Technology
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SAFEEREAKER - SAfe and Fast DC Electronic EREAKER

ERMe e

Optimized for 350 VDC/16A residential applications
Utilizes SiC JFETs for low RDSon, efficiency 99.8% @ 16A
Contains residual current sensor for ultimate safety

Fast speed - short circuit detected within 10 ys

MQTT smart connection to Energy Management System

: IRCD sgubber

—

measurement

Control system

Residual current

Iout_n
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= Lack of public awareness

= Lack of international standardization and mature technology

= | ack of market-ready technologies:
= PV converters
" energy storage interfaces
= EV chargers
" energy routers, etc.

Main challenges of DC today

A

i’ DC Initiative: inform, inspire & innovate (est. 2020)

= organization of national and international seminars and workshops
on residential DC nanogrids, DC buildings and districts i3 D c
= research, development and showcasing of innovative technologies Accelerates Energy Transition
= development of public policies and standards for DC buildings
= creation of new cleantech ventures and joint seeking for funds
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