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Population:1.35 million

Currency: Euro

World's most digitally advanced society
Estonia leads Europe in startups, unicorns, and
investments per capita
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A Population: 456.000

A Historic Centre (Old Town) of Tallinn
iIs UNESCO world heritage site

A Annually welcoming over 3.2 million
foreign visitors
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TOWARDSS2Q5GNZEPATHWANAY (EWGREENNDEAL)L)

A By 2050 the EU aims to become the world's first

Acl I meatud r a |withnet«aeroogreenhouse
gas emissions (NZE)

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

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

TALLINN UNIVERSITY OF TECHNOLOGY
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DECARBONIZATIONIOF BEIERDINGSTOCKIINGEY IN EU

A Buildings are responsible for approx. 40% of EU energy consumption , 50% of EU gas consumption , and
36% of the energy -related CO2 emissions . About 80% of energy used in EU homes is for heating, cooling
and hot water

A 85% of buildings in the EU were built before 2000 and 75% have poor energy performance . 85i 95% of
t o d abwildirsgs will still be in use in 2050

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), i.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 (all new public buildings from January 2030) to be
zero-emission buildings (ZEB, A+ or A,), i.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 introduces 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 https://energy.ec.europa.eu



ZER ANDROWERFEEECTRONICSCS

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

A ENERGY PERFORMANCE 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 In result, ZEB consumes up to 4 times lessenergy t han t he tr adi t i-;emowatedbAidihgd school f
A Most of the energy saving technologies used in ZEB are power electronics based

Roof insulation

Air filtration &
ventilation

e Efficient lighting

Energy efficient —
heating ! 'I- ‘

Solar panels

Shutterstock




GOOD EXAMREES OFBUHRIDINGING DECARBONMATIONON
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BADEXAMREESS OF BUIILDING OECARBENIZATION ION

SOLAR HALL

https://greensunnj.com/solar-hall-of-shame/



BAPV vs BIFW- RENNCEWRIEELEREEESNERIGYLDSHOUL DNO -
COMEATTTHE EQSTSOFAESEHEMCSTICS !

e BIPV Building -Integrated
Photovoltaics (BIPV)

Is revolutionizing the solar

industry by bridging the gap

between electricity generation

and building design

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




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)

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

A Improved energy efficiency : reduces heating demand of the buidling by recovering up to 60 i 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

Outdoor temperature, °C -23 -15 -10 -5 0

Cool Stale Air 2 Fresh Air After heat exchanger, °C 156 16,7 174 18,1 189

Air
Purifier \

=
/ indoor +22°C, 20 % RH
| @

2323 @0 ®© o

Warm

Stale Air < Energy counters

Consumed energy Day/Month/
Total

284833/769.312 KWh

Heating energy Day/Month/Total
0.000/0.000/0.013 kWh

Tempered
Purified Air

Recovered energy Day/Month/
Total

TAL TALLINN UNIVERSITY OF TECHNOLOGY 6389/ 34783/7721 856 kWh
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ELECTRIFICATIONOFGIEATING 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 i 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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A Source: daikin.ie

HEATTPRUMRS 8 SERPOWERIBRECTRONICSNICS
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DECARBONIZATIONIOF BDIERDINGSNGS: aAA L-ELEETCRI&1
LIFESTYYE WWHIZEBEB

Battery energy storage PV power system Plugin hybrid / EV

Look at the energy label when
buying heat pumps, induction
cooktops and other appliances!
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Indoor and outdoor Robotic vacuum Portable Flat screen Stove, oven an Fridge and air Dish-and laundry  Airto-water
LED lamps cleaner electronics and LED TV cooktop conditioner washing machines  heat pump
TAL TALLINN UNIVERSITY OF TECHNOLOGY
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CLASSS-A ENERGYY-EFFCIENT ARPRLFANCES ES

WASHINGOVIACHINESEREFRIGERAEGRS ORS, INDUCGTIONICQOKTOPSPS, HEATTPEMRS SETCTC.

Energy mann
machine

Manufacturer

Model

More efficient

A A
G

00 to 450 V (DC)

Valve
@ -Water Supply
-Drain
-Softener Supply
\

“* MCU

.+ Transistor Array

Key /LED MCU
Touch & Front
m” Panel Controller ]
Water Level

Turbidity
Volume Op-amp —+
Temperature

Cover Switch

Power —

Cz AC-DC ;
Supply JPFC Logic/
Unit Motor Power

https://toshiba.semicon

¥ Isolation ACIM
& Gate BLDC
Drivers PMSM
Op-amp

BLDC
IPD i (for Water Pump)
4
-storage.com/ap
en/semiconductor/application/washing -machine.html

20 Interleaved
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Analog Boost |
PFC Controller
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https://www.truongquoctesaigo
n.edu.vn/understanding  -how -
modern -induction -cooker -work -
hh-18078675



AC-BASEDD ELECTRICARL SYSTEMA OF AZEBETODAAY
WE ARE LIVING IN A DC WORLD WITHOUT FULLY REALIZING ITS TRUE POTENTIAL !

PV power system Plugin hybrid / EV A AC isrectified 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
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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



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

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

Transformer

F

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 19743
PF 1 — 0.5534




FULLL-ELECTRICC LIFESTYYEE WITHH AC

A CLHOSERA OOK ATAHE ROWERWVACTOR ISSRESSUE

176.7 m? single -family detached home

Location Estonia, Tallinn
Total power of PV 5 kWp
Model of HP Thermia Atec HP 11
Electriccar BMW i3
COP of HP COP 3.8 (+7/+45 /C)
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