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By 2050 the EU aims to become the world's first
Acl i metud r a |lhaving am economy with
net-zero greenhouse gas emissions (NZE)

Electrification is considered one of the key strategies to
reach NZE goals

The share of electricity in the final energy consumption in
2050 is targeted to be more than 50%

By 2050, almost 90% of electricity generation in EU is
expected to come from renewable sources , with wind and
solar PV together accounting for nearly 70%

Much of the NZE need will be met by shifting towards
electric transport and electrification of heating/cooling
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
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DECARBONIZATIONIOF BEIERDINGSTOCKIINGEY IN EU

A Buildings are responsible for approximately 40% of EU energy consumption , more than half of EU gas consumption
(mainly through heating, cooling and domestic hot water), and 36% of the energy-related greenhouse gas emissions
A Roughly 75% of buildings in the EU are not energy efficient, yet 85i 95% of t o d abwildirsgs will still be in use in 2050
A To boost decarbonization the EU requires all new buildings from 2021 to be nearly zero-energy buildings (nZEB)
A nZEB (or class A building) means a building with a very high energy performance where the very low amount of energy
should be covered to a very significant extent by energy from the renewable sources
A In practice, nZEB consumes up to 4 times less energy than the traditional A o § d h obaildirig
A Recently, the EU proposed to move from the current nZEB to zero-emission buildings (ZEB, A+ or A,) from January 1,
2030. In ZEB the very low amount of energy still required must be fully covered by energy from the renewable sources
and without on-site carbon emissions from fossil fuels. All new buildings become all-electric.
Table 2. Estonian energy labels for the three categories of detached houses D1, D2, and D3; EPC
(kWh/(m?a)).
En. Label D1 (EPC) D2 (EPC) D3 (EPC)
A <145 <120 <100
B 146-165 121-140 101-120 D1, <120 m?
C 166-185 141-160 121-140 B )
D 186-235 161-210 141-200 D2,120-220 m
E 236-285 211-260 201-250 D3, >220 m?
F 286-350 261-330 251-320
TAL G 351-420 331-400 321-390
TECH H >421 >401 >391 https://energy.ec.europa.eu




ZER ANDROWERFEEECTRONICSCS
ITISS ALLABBUDT EFFICIENCY ANDIENEREN SAVING ING

A ZEB = high energy performance + local renewable energy generation + all-electric lifestyle

A Energy efficiency is the m ain feature of ZEB - PV installation (backed up with energy storage), heat pump,
heat recovery ventilation, energy-efficient appliances and lighting, smart control of loads, energy arbitrage

A Most of the energy saving technologies used in ZEB are power electronics based

Roof insulation

Air filtration &
ventilation

I Efficient lighting

Energy efficient
heating

Solar panels




BAPV vs BIFW- RENNCEWRIEELEREEESNERIGYLDSHOUL DNO -
COMEATTTHE EQSTSOFAESEHEMCSTICS !

Building -Attached
Photovoltaics (BAPV)
lacks full integration into the
building, adds additional load,
with limited contributions to
aesthetics and structural integrity

e BIPV Building -Integrated

- Photovoltaics (BIPV)
Is revolutionizing the solar
industry by bridging the gap
between electricity generation
and building design




ADVANTAGES OFHBEAE RUMRSAPS

A There are two main types of heat pumps T air source and ground source (geothermal)

A Excellent energy efficiency : can deliver up to 5 times more heat energy to a home than the electrical energy it
consumes (see COP i Coefficient of Performance or SCOP | Seasonal Coefficient of Performance )

A Used for space heating /cooling and providing domestic hot water for showers and sinks
Can be easily paired with PV installation

A Power electronics enabled smart control 7 heat pump can be operated as a flexible and grid -responsive resource
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AC-BASEDD ELECTRICALRL SYSTEMI OF ZEBSTODAAY

WE GAINNT B BENEFHS OF AN AUN ALL-ELECTRICO IEESTYLELE!

Look at the energy label when
buying heat pumps, induction
cooktops and other appliances!

Battery energy storage PV power system Plugin hybrid / EV

Distribution

panelboard
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Indoor and outdoor Robotic vacuum Portable Flat screen Stove, oven and Fridge and air Dishrand laundry  Airto-water

LED lamps cleaner electronics and LED TV cooktop conditioner washing machines  heat pump



CLASSS-A ENERGYY-EFFCIENT ARPRLFANCES ES

WASHINGOVIACHINESEREFRIGERAEGRS ORS, INDUCGTIONICQOKTOPSPS, HEATTPEMRS SETCTC.
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FULLL-ELECTRICC LIFESTYYEE WITHH AC

A CLHOSERA OONATAHE ROWERVFAC FOR ISSRWESSUE

PFC stage is required only above 75W - energy efficiency is

additionally affected by the non-unity power factor 176.7 m2 private house
GUlO LED bUlb (43 W) : Urms : o 292.40 v S m 15.04.2024-21.04.2024 =22.04.2024-28.04.2024
2 Irms 1 — 00337 A
i a P | — 433w
4 s | — 769 VA h
] Q 1 — 6.52 var
6 Uthd 1 — 0.964 % o
7 Ithd 1 —_ 74.420 %
[ 8 PF 1 — 0.5534 | o
No. | Function Data Units v
1 Urms 232.37 vV
2 Irms 05766 A = .
3 P 6509 W , _ _
4 S 133.99 VA Location Estonia, Tallinn
g Sth g 111 ?-2122 ';,:;.ar Total power of PV 5 kWp
v, thd 36 841 o Model of HP  Thermia Atec HP 11
B PF 0.4858 | Electric car BMW i3
3 COP of HP COP 3.8 (+7/+45 /C)
1 Ide A .
1 P Habitants 4
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NEXTT-GENI ELEOTRICALASYS TEM ZEBZEB

DC FAWERDISBRIBLHIONANDAD@ DC-FED ARPRIANGESES

A Increased efficiency and maximiz ed
Energy storage o self-consumption of renewable energy
(battery, fuel cell) PV panels Electric vehicle :
- . due to less energy conversion stages

A No reactive power issues i only
active energy is delivered

s=—t—5  ASimple coordination and control,
e better resilience and energy security

Distrbution panelboar
| AFE with PFC and | ~

protection devices !
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—— Robotic vacuum Cell phones, PCs, IT TV, home theatre, Induction hab, . .
LED lighting cleaner devices monitors ovens Washing machines Heat pump

To be fed via USB Type-C (will become a common standart
for most electronic devices in the EU by the end of 2024
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ENERGYNEBDDRALADCOWORKSRPASEACE
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=== AFAS Floor
DC SYSTEMS I & 2018 Harry Stokman
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DC ELECTRIBICATIONCOF OF NEIGHBOURROODS S

Auxiliary  AC
connection

_:q_

by Schneider Electric

(3.7 kVA) k!
|

Bidirectional DC
connection

SMART CITY
DC is powering smart cities infrastructure DC Public service BUS
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Community  solar parks

%
A

vasa . and energy  storages
'

with congestion

C

management ~ —surrent 4g

AC grid support

(intelligent/ solid -state
transformer

_i 350\/___\__ ﬁ ] £ 350V___ Public V2G EV charging
3 = - - e
and street lighting on DC
oC = =, |oc sharing common power
be T T o] infrastructure
e E -3_+3kW
i i
A& | | +700vivoc |
Local municipality Fiber optics
N storage and AC grid Power Line Communication
3PH 400V LVAC support

)

3PH 10kV MVAC




HISTORICAIL CHOICECEROM Q280 YAC VO.G50(VDGO VDC

NPRI09OOTHEIEIRSR PRACGIACAL GUIDELINEELINE FOR DC INSTALLAFIONSN S

Ve

A The Netherlands has a leading position in the global consultation on international standards for DC installations

A In 2018 the 350 V DC has been implemented formally in the Dutch standardization in the NPR9090 (Dutch Practical
Guideline for the installations up to 1500 V DC)

A The new core colors for DC

DC Voltages

2 pole grid
350Vdc
-4 Power direction
+350V y
350vdc+1.4%
+30V droop
SOURCE M
PE
Max. -10V...+10V
PE
+ 350V M
Devi
700Vdc ==
-4 Power direction
+700V y
700Vdc +1.4%
+60V droop
SOURCE W™
PE -700V
Max. -20V...+20V
PE
+ 700V M
Device

L+

PE

L+

PE

3 pole bipolar grid

installations are red, blue and white

350V DC / 700V DC / 1400V DC

Colors
B350Vdc
-4 Powerdirection
+350V L+ — @
f 4 +
350vdc +1.4%
+30V droop 700Vdc +1.4% ()
vy !
SOURCE ™M M
350vdc +1.4% L+ ®
+30V droop C) @)
PE -350V ) y L- O
Max. -10V...+10V
I PE
PE — @
+ 350V M + 350V M + 700V M +
B700Vdc Device Device Device C)
-4 Power direction | O
+700V y \ L+ RN
700Vdc +1.4% O
¥ +60V droop 1400Vdc +1.4%
SOURCE ™M i 7 M
700Vdc +1.4% |
¥ +60V droop y }
PE -700V ; L-
Max. -20V...+20V | =
i PE f @]
PE ‘ I
+ 700V M +700V M + 1400V M C) )
Device Device Device
— O

PE

-
v

PE

PE

by Schneider Electric

Current

https://currentos.foundation

E. L. Carvalho et al., "Grid Integration of DC Buildings:
Standards, Requirements and Power Converter Topologies,"

in IEEE Open Journal of Power Electronics, vol.
pp. 798-823, 2022
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DC QRENSSANBW\DIMENSION INNENERGERGY
PERFORMANCE OPBUILDINGSIGS

RESIDENTIAL DC DISTRIBUTION IS A POWER ELECTRONICS-ENABLED TECHNOLOGY,
WHICH

A can reduce electricity consumption of a building by up to 30% * P
A can enhance the energy performance class of a building from A to A+ | s

A offers interoperability, easy integration and interaction of the
the main electrical components of the building

. l)-— .
A enables ultimate control flexibility, higher efficiency, power density a‘ %

and reliability

A facilitates energy communities and other collective initiatives and
business models (energy hubs, EaaS, VPPaas, etc.)

A supports the main grid and provides grid ancillary services (power consumption curtailment, phase
balancing, etc.)

A fostersV2 X adoption via DC charging thus unlocking thi
storagesi

TAL * V. Vossos, S. Pantano, R. Heard, and R. E. Brown, i D @ppliances and DC power
TECH TALLINN UNIVERSITY OF TECHNOLOGY distribution: A bridge to the future net zero energy h o me kawrénce Berkeley National
Laboratory, Berkeley CA, USA, Technical Report LBNL-2001084, Sep. 2017.



350OVDCEC TECHNOROGY Y IS VERYY FASII DEVELIOPINGG
ATAG| pportunities BLIXT

RECENTLYYSIA TECEHNBMNIGYOVAL IDATIOMTION
AND DEMONS ERATIONCREASEN26202 0 20-2025) )

A Big players (Schneider Electric, EATON, ABB, etc.)
strongly support the technology development and
innovation

A Solid state circuit breakers (DC Systems B.V., Blixt,
DC Opportunities B.V.)

USB-C PD (power delivery ) 100W wall socket outlet
(DC Systems B.V.)

30/60/90 W  public light LED drivers (DC Systems B.V.)
Induction cooktop (ATAG Benelux )

Hood fan (ATAG Benelux )

Refrigerator (ATAG Benelux )

Heat pumps ( NRGtec)

>\

https://gelijkspanning.org/
https://lwww.dc.systems/
https://blixt.tech//

v v v Dy Dy D

Under development : coffee machine , oven, microwave |,
washing machines , etc.

TAL TALLINN UNIVERSITY OF TECHNOLOGY
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MAINNCEIALLENGESEOF ODE DC TODAYY

U Lack of public awareness (remember the appearance of the
first mass-produced EV in 1996, the EV1 from GM)

Lack of international standardization and mature technology
U Lack of market-ready power electronic systems

(PV converters, energy storage interfaces, EV chargers,
energy routers, etc.)

© DC INITTARIVE/E: infosmn inspife& & innavatet (est: 2020)20)
Non-profit joint venture of TalTech aimed at increasing the awareness, pushing forward the
innovation and acceleration of the industrial uptake of the residential DC nanogrid technology in
Estonia, Baltic states and Northern Europe

V' organization of national and international seminars and workshops

on residentilal DC nanogrids, DC buildings and districts .

V' research, development and showcasing of innovative technologies |3 Dc

V' development of public policies and standards for DC buildings Accelerates Energy Transition

V' creation of new cleantech ventures and joint seeking for funds

TAL TALLINN UNIVERSITY OF TECHNOLOGY
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TALTECEHRESIDENTIALIDC INNOMATRIONTHUBN HUB

THERIRSTI DO EXPERIENCEE CENTERTN NORTHERN IEHROREJROPE

A First academic member of Current OS
Foundation

,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,
g A A A i A it -
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RESIDEN I 1AL L HUB § A International open platform  for research and
O TRATION o8 " ECHNOL ORI e demonstration of residential DC power distribution
A it none ¢
it s A it L1 technologies
e RN nn e £ A validation of the net ut
R L S o A | & alidation of the net-zero-energy solutions
V) O ) 0 O 0 G A D A L ; (workplace, space heating and cooling, ventilation,
EEE=== R A e AR R 0 etc.)
, (AEDNUS AR VD) AR O B 00 (TR R YYD Y0 D /(T _
Tk o 1 0L o A A A . A Living lab allows for blending the everyday real-
=====E EEEE'..:E ==E=E life experience of pilot users with academic
EEEEE= E===== =E=E== research to develop future-proof energy saving
I .
i o o i i i o technologies
“@vertc T '

& A Data collection for the future design of the
. energy-neutral TalTech campus

—— A https://taltech.ee/en/i3dc  -initiative

AL
B L5

itac  <x|% Estonian _ Schneider
ﬁ'é't'}'r%‘ﬁ . VOO[— pportunl‘ues (D/ Research Council TPElectric
3 ENERGIA i
’ @ !cceBaSs Energy Transition CU Ppenb PARTNER 90 Vebv';Ejg Sunly by Schneider Electric



TALTECEHRESIDENTNLIDC INSIOMNATIONMTHUBN HUB

THERIRST DO EXPERIENEE CENTERTN NORTHERN IEHRAREJROPE

A Thermally insulated for year-round operation
A 2 energy neutral working places for researchers
3 x 400 VAC A 350VRNB0OV DC droop-controlled microgrid (operating system Current/OS)
A Solar facade composed of 5 ¢-Si PV modules
A Solar roof with 3 south-facing and 3 north-facing c-Si PV modules
struct A Battery energy storage
Indoor Outdoor A LED lighting and heat pump fed from DC (both are energy neutral)
Lighting Lighting . ) . .
A Solid-state protection (both commercial and research samples)
A DC appliances (continuous development)

DC Distribution
in a Building

4 W
Energy @&mj

Meter

AC Infastructure

Heat Pump and Energy
Recovery Ventilation

Driven by

CurrentC=)S

Multimedia Devices

USB-C-PD A48 YV

u'r ™
Solid-State Circuit |
Breaker (SSCB) 1
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PROBLEMSOB EXISTINGNNISTASOATIONS IONS

ENERGYYCONSSMRTFONOAN D RRODRICDIONIBAMNCE.ANCE

1500F
e § ' Electricity use
~4 1000} PV generation
Z
3
S 500F
2
0 1 1 1 1 1 1 1 1 1 1 L 1
\r§” QEF’ @“frg \?;Q‘ Xb‘?ﬁ XA}Q N \.33,99 C:,@Q QF‘ %0""’ Q@D
‘o 20 Time, months 20
= Jan = Mar May
= | 60t 60|
_ 240t ‘ ..
Parameter Value % b R EN 1407
Location Estonia, Tallinn % okl R | R L
Heated area 176.7 m?2 % T 20-" |” HH'” Hw 1 20[n
oaponeratpy  skwp L ) e |
odel o ermia Atec HiE 4 0 10 20 30 0 10 20 30 0 10 20 30
Ccop of HP COP 3.8 (+7/+45 /C) Time, days Time, days Time, days
Habitants 4
TAL TALLINN UNIVERSITY OF TECHNOLOGY



PROBLEMSSODB EXISTINGNNSTAEIATIONS IONS

UNEQUAL IPRASESIEOADAD
Per Phase Consumption
1 P1 Load
5 - P2 Load
" P3 Load
4 =
)
~
T 3-
Q
2
[e)
a
2 =
1 -
0 X . s S nd Lo b4
00:00 12:00 00:00 12:00 00:00 12:00 00:00
03-May 04-May 05-May 06-May
2023
Single-phase AC charger
TAI- TALLINN UNIVERSITY OF TECHNOLOGY Has an, S. ; Bl i nov, A. ; Chub, A. ; Vinni kov, D. APV Ge

TECH Dwel | i ngo, Datas et -xOhTs@nlind]:Brpsd/@ata 2abethdiracprtis/6hayh-x0h25



PROBLEMSOB EXISTINGNNSTAEDATIONS IONS

PHASE-CONSSMRIHONIMBALANCENCE

Annual Consumption: 10187.46 kWh

Phase-1

Phase-3

Phase-2

TAL TALLINN UNIVERSITY OF TECHNOLOGY
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