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WHERE ARE WE FROM

ESTONIA - A Destination  for Tech Lovers

TALLINN - The Best -Preserved Medieval City in Northern Europe

Á Population:1.35 million

Á Currency: Euro

Á World's most digitally advanced society

Á Estonia leads Europe in startups, unicorns, and

investments per capita

Á Population: 456.000

Á Historic Centre (Old Town) of Tallinn

is UNESCO world heritage site 

Á Annually welcoming over 3.2 million 

foreign visitors

Pildiotsingu tallinn tulemus

https://www.google.ee/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj29rOT69XRAhUJCSwKHX7qAXsQjRwIBw&url=https://en.wikipedia.org/wiki/Tallinn&bvm=bv.144224172,d.bGg&psig=AFQjCNG6PD_SOkjNLPi7bQqpFk5zwO5Wqw&ust=1485177119096179
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LARGEST RESEARCH CENTER FOR APPLIED POWER ELECTRONICS IN BALTIC STATES 

POWER ELECTRONICS GROUP OF TALTECH

S
is

e
n

d
vo

o
l (

A
)

Sisendpinge (V)

Kasutegur (%)

PNA

PKA

TSA

(a)

20 mm

(b)



TALLINN UNIVERSITY OF TECHNOLOGY

THE CHALLENGE WE ADDRESS

ENHANCEMENT OF ENERGY PERFORMANCE  OF BUILDINGS
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TOWARDS 2050 NZE PATHWAY  (EU GREEN DEAL)

Share of electricity in total final energy consumption 

in the NZE scenario (2005-2030)

https://www.iea.org
Á By 2050 the EU aims to become the world's first

ñclimate-neutral blocò with net-zero greenhouse 

gas emissions (NZE)

Á Electrification  is considered one of the key

strategies to reach NZE goals

Á Much of the NZE need will be met by shifting 

towards electric transport and electrification of 

heating/cooling  demand of buildings using 

heat pumps

Á 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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ENERGY WASTE IN BUILDINGS IS A GLOBAL PROBLEM

Á 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

Á 85% of  buildings  in  the  EU were built  before  2000 and 75% have poor  energy  performance . 85ï95% of 

todayôs buildings will still be in use in 2050
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DECARBONIZATION OF BUILDING STOCK IN EU

Á 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

Á 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  

Á From January 2030 the EPBD requires all new buildings to be zero-emission  buildings  

(ZEB, A+ or  A0), i.e. without  on-site  carbon  emissions  from  fossil  fuels

Á 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

Á EPBD introduces ĂSmart Readiness Indicatorñ to assess the technological readiness of the 

building to interact  with  their  occupants  and adapt  to  signals  from  the grid  (for  ex., 

energy  flexibility)

https://energy.ec.europa.eu
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ZEB  AND POWER ELECTRONICS
ÁZEB = HIGH ENERGY PERFORMANCE + LOCAL RENEWABLE ENERGY GENERATION + ñALL-ELECTRICòLIFESTYLE

ÁENERGY 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

ÁIn result, ZEB consumes up to 4 times less energy than the traditional Ăold schoolñ non-renovated building

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

Image: SMAImage: SMA

Image: EnphaseShutterstock

Image: SMA
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GOOD EXAMPLES OF BUILDING DECARBONIZATION
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https://greensunnj.com/solar-hall-of-shame/

BAD EXAMPLES OF BUILDING DECARBONIZATION
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BAPV  VS  BIPV - RENEWABLE ENERGY SHOULDNõT

COME AT THE COST OF AESTHETICS !

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

https://www.govertic.ee/Image: SolarstoneImage: Roofit Solar 
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THEREõSMORE OPTIONS THAN THE ROOFTOP PV !

https://www.govertic.ee/https://roofit.solar/Image: Clickcon

SOLAR PV FENCES

SOLAR BALCONIES

Image: Hoymiles

SOLAR WINDOWS

Image: SolReina

Image: SolarGaps

SOLAR PANEL WINDOW BLINDS

SOLAR FAÇADES

Image: GoVertic
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Á 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)

Á Solar façades are never covered by snow, while sun incident angle is nearly ideal in winter

Á TalTech Residential DC Innovation Hub has 5 PV modules of 144 half-cut cells rated for 360 W

Á Test data from February 2026 show that the solar façade produced 17.9 kWh vs. 0 kWh from the roof

SOLAR FAÇADE ð GENERATE WHEN OTHER DO NOT

No sun!

A lot of sun!
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HEAT RECOVERY VENTILATION SYSTEMS

Á Improved energy efficiency : reduces heating demand of the buidling by recovering up to 60 ï90% of the heat from 

exhaust air; lowers energy bills

Á 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.

Á Power electronics enabled smart control and easily pairing with PV installation
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ELECTRIFICATION OF HEATING WITH HEAT PUMPS

Á Excellent energy efficiency : can deliver up to 5 times more heat energy to a home than the electrical energy it 

consumes (see COP ï Coefficient of Performance or SCOP ï Seasonal Coefficient of Performance )

Á Used for space heating /cooling and providing domestic hot water for showers and sinks

Á Can be easily paired with PV installation

Á Power electronics enabled smart control ïheat pump can be operated as a flexible and grid -responsive resource

Á Source: daikin.ie
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HEAT PUMPS USE POWER ELECTRONICS

ÁSource: daikin.ie
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Portable 
electronics

Flat screen 
and LED TV

Robotic vacuum 
cleaner

Indoor and outdoor 
LED lamps

Dish- and laundry 
washing machines

Air-to-water           
heat pump

Fridge and air 
conditioner

Stove, oven and 
cooktop

PV power system Plug-in hybrid / EV

~
GRID

Distribution 
panelboard

Battery energy storage

DECARBONIZATION OF BUILDINGS: ăALL-ELECTRICò 

LIFESTYLE WITH ZEB

Á Look at the energy label when 

buying heat pumps, induction 

cooktops and other appliances!
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CLASS -A ENERGY -EFFICIENT APPLIANCES

WASHING MACHINES, REFRIGERATORS, INDUCTION COOKTOPS , HEAT PUMPS, ETC.

Class A refrigerator with freezer

consumes three times less energy 

than the class G model 

(100 kWh/year vs 303 kWh/year)

Induction cooktop is about 

5-10% more efficient than electric 

resistance unit and about 3 times 

more efficient than gas cooktop

https://toshiba.semicon -storage.com/ap -
en/semiconductor/application/washing -machine.html

https://www.truongquoctesaigo
n.edu.vn/understanding -how -
modern - induction -cooker -work -
hh -18078675

THEY ALL USE POWER ELECTRONICS !!!THEY ALL USE DIRECT CURRENT (DC) FOR OPERATION !!!
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AC -BASED ELECTRICAL SYSTEM OF A ZEB TODAY

WE ARE LIVING IN A DC WORLD WITHOUT FULLY REALIZING ITS TRUE POTENTIAL !

Á AC is rectified in every appliance, many 

conversion stages, reduced self -consumption 

of locally generated renewable energy

Á Low power conversion efficiency ï up to 1/5 of 

all useful power is wasted

Á Problems with interoperability of the devices

(power plugs and sockets, grid codes, etc)

Á Power factor is a serious issue


