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MOTIVARIONEN: TOWARDSS EU GREENNDEAIATARGEGS TS

A By 2050 the EU aims to become the world's first
Ancl I meatud r a |withnet«azeroogreenhouse
gas emissions (NZE)

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

A Main priorities are electrification of transport
and heating/cooling demand of buildings using
heat pumps

A In 2050, electricity will become the dominant
energy carrier for the buildings in EU

EUROPEAN

GREEN
DEAL
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DECARBONMATIONIOF BUIERDINGSTOCKIINGEY IN EU

A In 2002, the EU began implementing the Energy Performance of Buildings Directive (EPBD), which is a
framework to reduce energy consumption and boost decarbonization of buildings

A The EPBD requires all new buildings from 2021 to be nearly zero-energy buildings (nZEB or class A),
l.e. must have a high energy performance and very low energy needs, covered largely by onsite or nearby
renewable energy sources

A From January 2030 the EPBD requires all new buildings to be zero-emission buildings (ZEB, A+ or A,),
l.e. without on-site carbon emissions from fossil fuels

A EPBD demands the installation of EV charging points in new and significantly renovated non-residential
buildings with more than 5 parking spaces, and in residential buildings with more than ten parking spaces

A EPBD introduced A Bart Readiness Indicatorfi to assess the technological readiness of the building to
interact with their occupants and adapt to signals from the grid (for ex., energy flexibility)

TAL TALLINN UNIVERSITY OF TECHNOLOGY

TECH




ZEB: WHARTTIT MEANSSINNP RACTRICECE

A ZEB = HIGH ENERGY PERFORMANCE + LOCAL RENEWABLE ENERGY GENERATION + fi AL-ELECTRICO LIFESTYLE

AiMust haveo at tPMiistalatiors(ideally bagkedup with energy storage), heat pump, heat recovery ventilation,
energy-efficient lighting and appliances, smart control of loads

A In result, ZEB consumes up to 4 times lessenergy t han t he tr adi t i-cemowmated bAitding(classdh o o | fi
A Most of the energy saving technologies used in ZEB are power electronics based

Roof insulation

Air filtration &
ventilation

WEEesspe Efficient lighting

- ————— —

Energy efficient
heating

Solar panels




CLASSIOCAL EXAMRUESES OF DECARBONMATIONDN

TR ‘

LT ]

1



BAPV vs BIFW- RENNCEWRIEELEREEESNERIGYLDSHOUL DNO -
COMEATTTHE EQSTSOFAESEHEMCSTICS !

Building -Attached s BAPV s BIPV Building -Integrated

Photovoltaics (BAPV) Photovoltaics (BIPV)

lacks full integration into the Is revolutionizing the solar
building, adds additional load, industry by bridging the gap

with limited contributions to between electricity generation

aesthetics and structural integrity and building design




THERRE MORE: OPTIGONSS THANN THE ROOFTQR® PV!

SOLAR PV FENCES SOLAR WINDOWS SOLAR PANEL WINDOW BLINDS
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SOLARRFAGADDE E 6 GENERATERVHEN: O THERIBONOTNOT

A In Northern EU, snow covers the PV panels on the roof for long time, but they cannot generate much even without snow
as sun ray's incident angle is highly unfavorable (sun rays nearly horizontal)

Solar facades are never covered by snow, while sun incident angle is nearly ideal in winter
TalTech Residential DC Innovation Hub  has 5 PV modules of 144 half-cut cells rated for 360 W
Test data from February 2026 show that the solar facade produced 17.9 kWh vs. 0 kWh from the roof

v I D

1200 1

. ﬂ

800 1

| |
20:: JK'J ' /)\\'J J\JL

Power Qutput (W)

TAL TALLINN UNIVERSITY OF TECHNOLOGY

TECH




HEATTRECOVERRVENT NNATION SYS TEMSIEMS

A Improved energy efficiency : reduces heating demand of the buidling by recovering up to 60 1T 90% of the heat from
exhaust air; lowers energy bills

A Better indoor air quality : reduces buildup of carbon dioxide and radon levels, removes pollutants such as VOCs (from
paints, furniture), allergens, and odors; maintains balanced indoor humidity levels.

A Power electronics enabled smart control and easily pairing with PV installation

Temperature efficiency

Winter
Dutdoor temperature, *C =23 -15 =10 -5 o
Cool Stale Air Air Fresh Air After heat exchanger, °C 156 167 174 181 189

@@
‘ Indaor +22 °C, 20 % RH
=

2323 &G G ©

Warm

Stale Air < Energy counters

Consumed energy Day/Month/
Total

YO Q1392 /7 ) ) AN
;o 833/769.312 kW

Heating energy Day/Month/Total

0.000/0.000/0.013 kWh

Tempered
Purified Air

Recovered energy Day/Month/
Total
721.856 KWh
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ELECTRIFICAHONOFHEANING WIBHHEAT REMPSUMPS

Excellent energy efficiency : can deliver up to 5 times more heat energy to a home than the electrical energy it
consumes (see COP 1 Coefficient of Performance or SCOP 1 Seasonal Coefficient of Performance)

>

A Used for space heating /cooling and providing domestic hot water for showers and sinks
A Can be easily paired with PV installation
A Power electronics enabled smart control i heat pump can be operated as a flexible and grid -responsive resource
COP Daily average outdoor temperature/ °C
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A Source: daikin.ie
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Residential
Building

Condense

A Source: daikin.ie
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CLASSS-A ENERGYY-EFFCIENN ARPRLUFANCES ES

WASHINGOVACHINESEREFRIGERATGRS ORS, INDUCTIONICQOKTOPSPS, HEATTPEMRS SETCTC.

Washing
Ener gy machine
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AC-BASEDD ELECTRICARLL SYSNEMA OF AZEBETODAAY
WE ARE LIVING IN A DC WORLD WITHOUT FULLY REALIZING ITS TRUE POTENTIAL !

PV power system Plugin hybrid / EV A AC is rectified in every appliance, many
= conversion stages, reduced self -consumption
of locally generated renewable energy

A Low power conversion efficiency T up to 1/5 of
all useful power is wasted

A Problems with interoperability of the devices

Battery energy storage
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Distribution ~ (power plugs and sockets, grid codes, etc)
'_p_a_n_e_ltlcla_r‘d LossesA é 1D % Losses3 € 8(% Losses3 &b < . . .
i . A Power factor is a serious issue
: i i
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Indoor and outdoor Robotic vacuum Portable Flat screen Stove, oven an! Fridge and air Dish-and laundry Airtowater

LED lamps cleaner electronics and LED TV cooktop conditioner washing machines  heat pump
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FULLL-ELECTRICC LIFESTYYEE WITHH AC

A CLHOSERA OORNATATHE REOWERVFACTOR ISSRESSUE

PFC stage is required only above 75W - energy efficiency is additionally affected by the non-unity power factor

GU10 LED bulb (4.3 W) Laptop/Phone chargers (65 W)

(a) /‘

U : 290,40 v No. Function Data Units
rms - ' 1 Urms 232 .37 V
Irms 1 —_ 0.0337 A 2 Irms 0.5766 A

_ 3 F 65.09 W
P ‘ ias W 1 S 13399 VA
S 1 — 1.83 VA 5 Q 117.12 var
Q 1 — 6.52 var 6 Uthd 1.122 gf:':
Uthd 1 — 0.964 % g | PF 0.4858 | %
Ithd 1 — 74.420 % 9 Udc 19.243 \




FULLL-ELECTRICC LIFESTYYEE WITHH AC

A CLHOSERA OONATAIHE REWERVEAC TOR ISSWESSUE

176.7 m? single -family detached home

Power Factor

Location Estonia, Tallinn
Total power of PV 5 kWp
Model of HP Thermia Atec HP 11

Power Factor

Electric car BMW i3

COP of HP COP 3.8 (+7/+45 /C)
TAL TALLINN UNIVERSITY OF TECHNOLOGY Habitants 4

TECH

Monthly Average PF

0.8 ;

0.6 |

0.4 |

0.2 ;

Jar Fek Mar Apr May Jur Jul Aug Sefr Oct Nov Dec Jan

Seasonal Average PF

Spring Summer Autumn Winter




FULLL-ELECTRICC LIFESTYYEE WITHH AC

A CLHOSERA OONATAIHE REASEA®AD (MBALANCE.ANCE

Many residential (home) EV chargers have a single-phase grid connection Annual Consumption: 10187.46 kWh
with resulting negative impact on distribution transformers

Phase-1

Per Phase Consumption

" P1 Load
5 4 P2 Load
P3 Load

Power (kW)
w

Phase-3

-

P ra P } y P Y
0
00:00 12:00 00:00 12:00 00:00 12:00 00:00
03-May 04-May 05-May 06-May
2023
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FULLL-ELECTRICC LIFESTYYEE WITHH AC

ENERGYYEXRORHNIMRORI IBAIIANCEN CE andiVOLTAGE IMBABANCENCE ISSUESS
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FULLL-ELECTRICC LIFESTYYEE WITHH AC
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Every problem has a
solution® @
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NEXTT-GENI ELECTRICALASYSTEMIEOR AZEB ZEB

DC FAWERDISBRIBLHIONANDAD@ DC-FED ARPRIANGESES

A Increased efficiency and maximiz ed
self-consumption of renewable energy
due to less energy conversion stages

_ Elgatric ughidle A No reactive power issues i only
i Y active energy is delivered

A Simple coordination and control,
better resilience and energy security

Distribution panelboar:\'i\ ! T 1 [ N < . -
|~ AFE with PFC and |~ _l ! |- A Excellent interoperability and
! protection devices 1 =] | S e—— | ——
i ! Losses 2 5% Losses 2 5% Losses 2 5% reduced e-waste
1
1 —
: T
Losses 2 4% — o —
—I——— = f Losses & 8% Losses 8 8%
___|Losses@6% ___|Losses 8 6% ___|Losses & 6% ___|Losses@6% r-----—g--—---1

rev vy
-~ v v T owu
YYTY
v@ﬁ@
I Robotic vacuum Cell phones, PCs, IT TV, home theatre, Induction hob, . .
LED lighting cleaner devices monitors ovens Washing machines  Heat pump

To be fed via USB Type-C

TAL |
TECH



USE: TYRE-C ISTHEFIRSGESTEPHOWARDMENERGYRG Y-

EFFICIENTANDIIN TERCRERABLE PCEPOWER DISRRIBETIONEUTION
Starting from 2025 the USB Type -C became the common charging standard for o -
small electronic devices in the EU . Laptops will have to be equipped with a USB

Type-C port by 28 April 2026. /

USB Power Delivery

A48V/5A
28V/5A 36V/SA .-

e

36W

" USBPD 2.0
USB PD 3.0=PD3.1 SPR

USB PD 3.1 EPR

TAL TALLINN UNIVERSITY OF TECHNOLOGY
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HISTORICAIL CHOICECEROM Q30 YAC T@.850VvDGO VDC

A The LVDC power distribution concept was proposed by DC Systems and
implemented in Dutch standardization in 2018 (NPR9090 - Dutch Practical
Guideline for the installations up to 1500 V DC)

A Starting from 2021 the concept is continuously developed, improved and Current
showcased by Current/OS Foundation

A 350 VDC is considered as a substitute for 230 VAC and 700 VDC for 3x400 VAC*
A Residential DC installations can be realized either with a unipolar or bipolar architectures

by Schneider Elcctric

A Droop control based power management, where voltage is used as a shared signal
that reflects the power availability. The installation is self-regulating featuring excellent
resilience**

A Residential DC installations require ultrafast solid -state circuit breakers (SSCB)  with
tripping times less than 10 ps. In combination with residual current detection and
arc fault mitigation the SSCBs help eliminating safety concerns associated with DC and
ensure ultimate safety of residents and property

* https://currentos.org/technical-rules/
TAL TALLINN UNIVERSITY OF TECHNOLOGY

TECH ** Current/OS Distributed Electrical System: Droop Control Explained (https://www.youtube.com/@ Current-OS)



BENERITS©Db DO OVEREAC AINHAQUSEHOEDS3LDS*

DC QRENSSANBW\DIMENSION (INENERGYERERFORMANEEION BEIDINGSILDINGS

A 100% power electronics enabled technology with ultimate control flexibility, efficiency, power
density and reliability

A Up to 35% power loss reduction  due to more efficient power conversion and distribution and
better utilization of the local renewable energy (solar photovoltaics, battery energy storage and
heat pump)

A Up to 55% reduction in distribution cabling mass (copper or aluminum)

A Up to 85% reduction in the required connection capacity to the AC distribution grid

A Up to 20% reduction in lifecycle costs when a building is fully converted to DC

A Easy implementation of Vehicle -to-Home (V2H) and Vehicle -to-Grid (V2G) technologies

A Resilient power supply during blackouts with possibility to support grid stability (power
consumption curtailment, phase balancing, etc.)

TAI- TALLINN UNIVERSITY OF TECHNOLOGY * EU Strategic Energy Technology Plan (implementation working group on DC technologies, subgroup on LVDC),

TECH September 12, 2024



DC ELECTRBICATIONOF NEIGHEBOURAQODSODS

DC enables new revenue streams

for homeowners from participation in energy services and

collective initiatives (EaaS, VPPaaS, energy communities, energy hubs, etc.)

Auxiliary  AC
connection

(3.7 kVA) @

{

Bidirectional DC
connection

by Schneider Electric
. SMART CITY

DC is powering smart cities infrastructure DC Public service BUS

-

Community  solar parks

A
A : and energy  storages
|

with congestion

B 7
o B £ 350V |
DC . ;

management Current Ao
A

AC grid support

(intelligent/ solid -state
transformer

)

Public V2G EV charging
and street lighting on DC

sharing common power
infrastructure

s

+700V LVDC

od
*—L.aikw @/

N

3PH 400V LVAC

Local municipality Fiber optics
storage and AC grid Power Line Communication
support

-

3PH 10kV MVAC




MAINNCEIALLENGESEOF ODE DC TODAYY

U Lack of international standardization and certification schemes
U Lack of mass-market power electronic systems and appliances
U Lack of public awareness and technology demonstration

General Motors EV1 (1996) Tesla Model S (2012)

i < 29
) - .
3 -

|

16 YEARSS TO MASSSMARKEET!

A Forecasted annual global EV sales in 2025: 21.3 million units

;EEH TALLINN UNIVERSITY OF TECHNOLOGY A Year-On-year market grovvth: approx. 25%



Defining Standards for DC Microgrids

Board Members ABBR F:1I°N MERSEN Sd&nﬂeeicc!ﬁf TRIDONIC @ Solutions

AGIObaI DC partnerShlp Electrical Industry
AMember of IEC SyC LVDC

A 100+ partners to date,
more joining every month FC Fuii Electric <€ GenCell :hager

) MICROSENS A"‘"‘““"’E L=M 3¢ ey
A 25 countries represented in | .
» North America @ M"aﬂf ] 1 prysmian
» Europe
. Asia SIEMENS
A Universities join for free
Universities Certification Trade Goups
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