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POSITIVE ENERGY DISTRICTS

V dnesnej dobe, ked svet ¢eli neodkladnej potrebe riesit klimatic-
kd zmenu a znizif ekologicky dopad ludskej ¢innosti, je vzdeldva-
nie architektov a urbanistov dolezitejsie nez kedykolvek predtym.
Na jednej strane architekti a urbanisti nesieme za sucasny stav
svoju mieru zodpovednosti: dlhodobo sme ignorovali udrzatelné
principy a uprednostriovali krdtkodobé ekonomické ciele pred
ekologickymi aspektmi, navrhovali sme mestd a budovy s vysokou
energetickou ndro¢nostou a ¢asto sme podporovali rozSirovanie
miest a suburbanizdciu, ¢o viedlo k nadmernému vyuzivaniu ener-
gie, pody a prirodnych zdrojov. Na druhej strane mé v$ak nasa
profesia aj kl'icovu ulohu pri rieseni tychto problémoyv, a preto
stojime pred vyzvou prijat zodpovednost, hfadat nové pristupy

a implementovat rieSenia, ktoré zmiernia dopady tychto kriz

a prispeju k udrzatelnej buducnosti.

Ucebny text, ktory mate pred sebou, predstavuje inSpira-
tivny ndstroj na ziskanie komplexného prehladu o problematike
energeticky plusovych mestskych stvrti, zndmych aj pod skratkou
PED (Positive Energy Districts). Tento koncept predstavuje novy
smer v tvorbe a strategickom planovani zén, Stvrti a mesta, kde
produkcia energie prevazuje nad jej spotrebou. Pre architektov
a urbanistov to znamend zmenu paradigmy v pristupe k navrhova-
niu mestského prostredia.

Jednym z kli¢ovych aspektov, ktoré tieto texty zdoraznuju,
je vyznam mestskych Stvrti pri dosahovani klimatickych cielov.
Mestd, kde Zije vacsina svetovej populdcie, maju obrovsky poten-
cial ovplyvnit globdinu energetickud spotrebu a zniZit emisie skle-
nikovych plynov. Texty podrobne vysvetluju, ako mézu architekti
a urbanisti prispiet k tejto transformdcii prostrednictvom inova-
tivneho dizajnu, udrzatelnych rieSeni a efektivneho vyuzivania
obnovitelnych zdrojov energie. Vysvetluju, ¢o je PED, aké su jeho
zlozky, kritérid a ciele, ¢im poskytuju studentom a odbornikom
pevny zdklad pre ich budtcu prax. Teoretické zdklady su zauiji-
mavo doplnené konkrétnymi prikladmi z praxe, ako je napriklad
pripadova Studia trvalo udrzatelnej Stvrti Seestadt Aspern, ktord
poskytuje Citatelom praktické ndvody na implementdciu principov
PED v redlnom prostredi. To je neocenitelnou stcastou vzdela-
vania, ktoré pripravuje buducich odbornikov na vyzvy, ktoré ich
¢akaju v profesijnej kariére.

Vzhladom na rasttci dopyt po rieSeniach, ktoré zohladnuju
klimatické zmeny a trvalo udrzatelny rozvoj, tento ucebny text
prichddza v pravy ¢as. Poskytuje nielen teoretické poznatky, ale
aj praktické ndstroje, ktoré su nevyhnutné pre aktudine metddy
tvorby a pldnovania miest a ich stvrti. Pre Studentov architektu-
ry a urbanizmu su tieto texty neocenitelnym zdrojom, ktory im
umozni prehibit vedomosti, ziskat nové zru¢nosti a pripravit sa na
Ulohy, ktoré maju potencidl zmenit buddcnost nasich miest. Pre
praktizujlcich architektov, urbanistov a mestskych pldnovacov je
toto dielo nielen vzdeldvacim materidlom, ale aj inSpirdciou k ne-
vyhnutnym inovdcidm a trvalo udrzatelnym rieSeniam.

Today, as the world faces an urgent need to address climate
change and reduce the ecological impact of human activity, the
education of architects and urban planners is more important than
ever. On the one hand, we, as architects and urban planners, bear
our share of responsibility for the current state of affairs: for a long
time we have ignored sustainable principles and prioritised short-
term economic goals over ecological aspects, we have designed
cities and buildings with high energy consumption and we have
often promoted urban sprawl and suburbanisation, which has led
to excessive use of energy, land and natural resources. On the
other hand, our profession also has a key role to play in addressing
and correcting these issues, and we are now therefore challenged
to take responsibility, seek new approaches and implement solu-
tions that will mitigate the impacts of these crises and contribute to
a sustainable future.

This learning text is an inspiring tool for gaining a compre-
hensive overview of the issue of energy-plus districts, also known
as PEDs (Positive Energy Districts). This concept represents a new
direction in the design and strategic planning of zones, neigh-
bourhoods and cities where energy production outweighs energy
consumption. For architects and urban planners, it represents
a paradigm shift in the approach to designing urban environments.

One of the key aspects that these texts highlight is the impor-
tance of urban districts in achieving climate goals. Cities, where the
majority of the world’s population lives, have enormous potential
to influence global energy consumption and reduce greenhouse
gas emissions. The texts explain in detail how architects and urban
planners can contribute to this transformation through innovative
design, sustainable solutions and the efficient use of renewable
energy sources. They explain what PED is, its components, criteria
and objectives, providing students and practitioners with a solid
foundation for their future practice. The theoretical foundations are
interestingly complemented by concrete examples from prac-
tice, such as the case study of the sustainable district of Seestadt
Aspern, which provides readers with practical guidance on how
to implement the principles of PED in a real-life setting. This is an
invaluable part of the education that prepares future professionals
for the challenges that await them in their professional careers.

Given the growing demand for solutions that take climate
change and sustainable development into account, this teaching
text comes at a timely moment. It provides not only theoretical
knowledge but also the practical tools that are essential for up-to-
date methods of designing and planning cities and their neigh-
bourhoods. For students of architecture and urban planning, these
texts are an invaluable resource that will enable them to deepen
their knowledge, acquire new skills, and prepare for tasks that
have the potential to change the future of our cities. For practicing
architects, urban designers and city planners, this work is not only
an educational resource, but also an inspiration for necessary inno-
vations and sustainable solutions.
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Mesta ako sucast riesenia klimatickej krizy
Cities as part of the solution to the climate crisis
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POSITIVE ENERGY DISTRICTS

Ako by mohli mesta prispiet k zmierfiovaniu klimatickej zmeny,
aké su rieSenia a ¢o mézu architekti a urbanisti vo svojej praxi
urobit pre zlepsSenie situdcie?

Mestské oblasti potrebuju nepretrziti doddvku energie,
pricom spotrebuju 75 % celosvetovej primarnej energie. Pri mini-
malizacii ekologickej stopy miest sa distriblcia energie musi stat
udrzatelnou, inkluzivnejSou a spravodlivejSou, aby sa podporil
v§eobecny rozvoj.'

Zvysujuci sa rast populdcie, rychla urbanizdcia a rozsirujuci
sa hospoddrsky rozvoj vytvdraju tlak na obmedzené mnozstvo
energie, ktorej ro¢ny ndrast dopytu v rozvojovych krajindch pred-
stavuje priblizne 7 %, zatial ¢o ponuka zostdva stabilnd. Z toho
vyplyva nestlad medzi ponukou a dopytom a ¢asté obmedzenia
doddvok energie v mestdch.?

Napriek svojmu doterajSiemu negativhemu dopadu na klima-
ticki zmenu sa mestd stdvaju zdroven perspektivnym ndstrojom
na dosiahnutie klimatickych cielov.

V mestdch Zije momentdine 55 % globdlnej populéacie, pred-
poklada sa, Ze do roku 2050 to bude 68 %.2 Tento predpokladany
ndrast obyvatelstva op&tovne zatazi stavebny sektor, pricom
budovy su uz teraz zodpovedné za 40 % celosvetovej spotreby
energie a 36 % s nou spojenych emisii sklenikovych plynov, ktoré
pochddzaju najma z vystavby, pouzivania, renovécie a demoldcie.*
Na splnenie klimatickych zdvéazkov Parizskej dohody — obmedze-
nie ndrastu priemernej globdlnej teploty na menej ako 2 °C nad
predindustridinu droven, je nevyhnutnd globdlna transformdcia
stavebného sektora na uhlikovo neutrdine. Tato dekdda je kritickd
pre rieSenie znizovania emisii, do roku 2030 potrebuje Sloven-
sko znizit svoje emisie o 55 % oproti roku 1990.5 To znamena
hlavne aplikovanie mitiga¢nych a adaptacnych opatreni, podpora
udrzatelnych systémov mobility a nastavenie vyssich poziadaviek
na energeticku efektivnost budov, by sa predislo zakonzervovaniu
ich stavu na nasledujlce desatrodia.

Uspech miest, obci a mestskych oblasti bude do zna¢nej miery
zdvisiet od politik, ktoré ochrdnia, ¢i podporia véetkych a nikoho
nezanedbaju.

11 Exkurz do histérie zmeny klimy
An excursion into the history of climate change

Pokrok je okrem pozitiv ¢astokradt spojeny s mnohymi negativami.
Priemyselnd revollcia bola prechodom na nové vyrobné proce-
sy vo Velkej Britanii, kontinentdlnej Eurdpe a Spojenych Statoch
americkych, ku ktorym do$lo v obdobi od roku 1760 do 1840.
Priemyselnd revollcia znamenala velky obrat v histdrii, avsak je
kritizovand za to, ze viedla k obrovskému ni¢eniu zivotného pros-
tredia a biotopov, ¢o viedlo aj k obrovskému znizeniu biodiverzity
Zivota na Zemi.®

Rast moderného priemyslu od konca 18. storocia viedol k ma-
sivnej urbanizécii a vzniku novych velkych miest, najprv v Eurépe
a potom v inych regiénoch, kedze nové prilezitosti priniesli do
mestskych oblasti obrovské mnozstvo migrantov z vidieckych
komunit. V roku 1800 Zili v mestéch len 3 % svetovej populdcie
v porovnani s takmer 50 % dnes na zaciatku 21. storocia.

Pociatky ekologického hnutia spocivali v reakcii na zvySujlce
sa Urovne znecistenia atmosféry dymom pocas priemyselnej revo-
ldcie. Vznik velkych tovarni a sprievodny obrovsky rast spotreby
uhlia viedli k bezprecedentnej trovni znecistenia ovzdusia v prie-
myselnych centrach. Najvyssiu prioritu malo zvy¢ajne znedistenie
vody a ovzdusia.’

https://unhabitat.org/topic/urban-energy
https://unhabitat.org/topic/urban-energy
https://www.who.int/health-topics/urban-health#tab=tab_1

https://ec.europa.eu/clima/sites/Its/Its_sk_sk.pdf
https://en.wikipedia.org/wiki/Industrial_Revolution
https://en.wikipedia.org/wiki/Industrial_Revolution
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How could cities contribute to mitigating climate change, what are
the solutions and what can architects and urban planners do in
their practice to improve the situation?

Urban areas require an uninterrupted supply of energy,
consuming 75 % of global primary energy. While minimizing the
ecological footprint of cities, energy distribution needs to become
sustainable, more inclusive and fair to foster universal develop-
ment.!

Increasing population growth, rapid urbanization and expand-
ing economic development are putting pressure on limited energy
which annual demand growth is around 7 % in developing coun-
tries, while the supply remains stable. Hence a mismatch between
the supply and demand and frequent power rationing in cities.?

Despite their negative impact on climate change so far, cities
are also becoming a promising tool for achieving climate goals.

Cities are currently home to 55 % of the global population
and are projected to account for 68 %° by 2050. This projected
population growth will put renewed pressure on the building
sector, with buildings already responsible for 40 % of global energy
consumption and 36 % of associated greenhouse gas emissions,
mainly from construction, use, renovation and demolition.* A global
transformation of the building sector to carbon neutral is essential
to meet the climate commitments of the Paris Agreement — limiting
the global average temperature increase to less than 2 °C above
pre-industrial levels. This decade is critical for addressing emis-
sions reductions, by 2030 Slovakia needs to reduce its emissions
by 55 % compared to 1990.5 This means mainly applying mitigation
and adaptation measures, promoting sustainable mobility systems
and setting higher requirements for energy efficiency of buildings,
to avoid their state of conservation for decades to come.

The success of cities, towns and urban areas will largely depend
on policies that protect or support everyone and leave no one
behind.

In addition to the positives, progress is often associated with
many negatives. Between 1760 and 1840 the Industrial Revolution
occurred. It was the transition to new manufacturing processes in
Great Britain, continental Europe, and the United States of America.
The Industrial Revolution marked a major turning point in history.
However, it is criticized for leading to massive destruction of the
environment and habitats, which has also led to a massive reduc-
tion in the biodiversity of life on Earth.®

The growth of modern industry from the late 18th century
led to massive urbanization and the development of new large
cities. First in Europe and then in other regions, new opportunities
brought huge numbers of migrants from rural communities to urban
areas. In 1800, only 3% of the world’s population lived in cities,
compared to almost 50% today at the beginning of the 21st century.

The emergence of large factories and the accompanying
huge growth in coal consumption led to unprecedented levels of
air pollution in industrial centers. The origins of the environmental
movement lay in response to the increasing levels of air pollution
caused by smoke during the Industrial Revolution. Water and air
pollution usually had the highest priority.”

https://commission.europa.eu/news/focus-energy-efficiency-buildings-2020-02-17_en
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1.2 Ludia, ktori prispeli k objasneniu pric¢in vzniku klimatickej zmeny
People who contributed to clarifying the origin of climate change

19. storocie

V roku 1824 Joseph Fourier, franclizsky matematik a fyzik
vypocital, ze planéta velkosti Zeme, v nasej vzdialenosti od Sinka,
by mala byt ovela chladnejsia. Naznacil, ze nieco v atmosfére
musi posobit ako izola¢ny vankus.®

V roku 1856 Eunice Foote objavila a ukdzala, Ze oxid uhlicity
a vodnd para v zemskej atmosfére zachytdvaju unikajuce infracer-
vené (tepelné) ziarenie. Eunice Foote bola amatérska vedkynia,
vyskumnicka, vyndlezkyna a bojovnic¢ka za prédva zZien. Bola prv4,
ktora zistila, Ze oxid uhli¢ity zachytdva teplo v atmosfére.®

V 60. rokoch 19. storocia fyzik John Tyndall rozpoznal
prirodzeny sklenikovy efekt Zeme a upozornil na fakt, Ze mierne
zmeny v zlozeni atmosféry mézu spbsobit klimatické zmeny.®

V roku 1896 klicovy ¢ldnok Svédskeho vedca Svante Arrhe-
nius prvykradt predpovedal, Ze zmeny v Urovniach oxidu uhli¢itého
v atmosfére mozu podstatne zmenit povrchovu teplotu prostred-
nictvom sklenikového efektu. V roku 1896 prehlasil, Ze fosilne
palivd moézu mat negativny vplyv na atmosféru. V roku 1903 ziskal
Nobelovu cenu za chémiu

20. storocie

Guy Callendar bol anglicky inZinier a vyndlezca. Jeho hlav-
nym prinosom k fudskému poznaniu bol vyvoj tedrie, ktord spdjala
rastlice koncentracie oxidu uhli¢itého v atmosfére s globdlnou
teplotou. V roku 1938 bol prvym kto dokdazal, Ze teplota na Zemi
sa za poslednych 50 rokov zvysila. Callendar si myslel, Ze toto
oteplovanie by bolo prospesné a oddialilo ,ndvrat smrtiacich
ladovcov.“?

V roku 1941 Milutin Milankovic spojil doby ladové s orbital-
nymi charakteristikami Zeme. Srbsky matematik a geofyzik bol
zndmy svojou pracou, ktord spdjala dlhodobé zmeny klimy s as-
tronomickymi faktormi ovplyviujucimi mnoZzstvo slne¢nej energie
absorbovanej zemskym povrchom.®

Kanadsky fyzik Gilbert Plass v roku 1956 sformuloval tedriu
vplyvu koncentrdcie oxidu uhli¢itého v atmosfére na zmeny klimy.
Uz v 50. rokoch 20. storocia predpovedal zvySenie globdlnej urov-
ne atmosférického oxidu uhlic¢itého (CO,) v 20. storodi a jeho vplyv
na priemernu teplotu planéty, ktoré sa do velkej miery zhoduju
s meraniami o polstorocie neskor™

Kto sa o poznanie zmeny klimy zasluzil v 21. storo¢i?

Al Gore je americky politik a environmentalista. Je byvalym
viceprezidentom Spojenych Statov americkych, prezidentskym
kandidatom Demokratickej strany za rok 2000 a spoludrzitefom
Nobelovej ceny za mier za rok 2007 s Medzivlddnym panelom pre
zmenu Kklimy.

V roku 2006 vystupoval v kontroverznom, ale prelomovom
filme NepohodInd pravda, ktory sa pokusal presvedcit divdkov,
ze problém globdlneho oteplovania je realita. Tou ,Nepohodinou
pravdou“ filmu bolo, Ze vd'aka ndSmu Usiliu o zvySenie ndsho
blahobytu a pohodlia sa svet oteploval a otepluje rychlejsie, nez
by sa za prirodzenych podmienok dalo o¢akavat.

8 https://geosci.uchicago.edu/~rtpl/papers/Fourier1827Trans.pdf
9 https://royalsocietypublishing.org/doi/10.1098/rsnr.2020.0031

19th century

In 1824, Joseph Fourier, a French mathematician and physi-
cist, calculated that a planet the size of Earth, at our distance from
the Sun, should be much colder. He suggested that something in
the atmosphere must act as an insulating cushion.®

In 1856, Eunice Foote discovered and showed that carbon
dioxide and water vapor in the Earth’s atmosphere trap escaping
infrared (thermal) radiation. Eunice Foote was an amateur scientist,
researcher, inventor, and campaigner for women’s rights. She was
the first to discover that carbon dioxide traps heat in the atmos-
phere.®

In the 1860s, physicist John Tyndall recognized the
Earth’s natural greenhouse effect and proposed that slight chang-
es in the composition of the atmosphere could cause climate
change.®

In 1896, a seminal paper by Swedish scientist and chemist
Svante Arrhenius first predicted that changes in atmospheric car-
bon dioxide levels could substantially alter surface temperatures
through the greenhouse effect. On February the 4th of 1896, he
declared that fossil fuels can have a negative effect on the atmos-
phere. Arrhenius won the Nobel Prize in Chemistry in 1903."

20th century

Guy Callendar was an English steam engineer and inventor.
His main contribution to human knowledge was the development
of a theory that linked rising concentrations of carbon dioxide in
the atmosphere to global temperature. In 1938, he was the first to
prove that the Earth’s temperature has increased over the past
50 years. Callendar thought this warming would be beneficial,
delaying “the return of the deadly glaciers.”?

In 1941, Milutin Milankovic connected the ice ages with the
orbital characteristics of the Earth. Serbian mathematician and
geophysicist is known for his work that linked long-term climate
changes to astronomical factors that affect the amount of solar
energy absorbed by the Earth’s surface.®

In 1956, Canadian physicist Gilbert Plass formulated the
theory of the effect of carbon dioxide concentration on climate
change. In the 1950s, he predicted the increase in global levels of
atmospheric carbon dioxide (CO,) in the 20th century and its effect
on the average temperature of the planet, which closely matched
measurements half a century later.™

Who has contributed to the knowledge of climate change in the
21st century?

Al Gore is an American politician and environmentalist. He
is a former Vice President of the United States, 2000 Democratic
presidential nominee, and co-winner of the 2007 Nobel Peace
Prize with the Intergovernmental Panel on Climate Change.

In 2006, Gore starred in the controversial film An Inconven-
ient Truth, which tried to convince viewers that the problem of
global warming is a reality. The “Inconvenient Truth” of the film was
that our efforts to increase our well-being and comfort have caused
the world to warm faster than it would be expected under natural
conditions.

10 Tyndall, J. (1863). XXVII. On radiation through the earth’s atmosphere. The London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science, 25(167), 200—

206. https://doi.org/10.1080/14786446308643443

11 Arrhenius, S. (1896). XXXI. On the influence of carbonic acid in the air upon the temperature of the ground. The London, Edinburgh, and Dublin Philosophical Magazine and

Journal of Science, 41(251), 237-276. https://doi.org/101080/14786449608620846

12 https://doi.org/10.1002/qj.49706427503
13 https://www.britannica.com/biography/Milutin-Milankovitch
14 https://doi.org/10.1111/j.2153-3490.1956.tb01206.x
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Greta Thunberg, Svédska ekologickd aktivistka, sa do pove-
domia verejnosti dostala tym, ze uz ako 15-ro¢né zacala vyzyvat
svetovych lidrov, aby okamzite prijali opatrenia na zmiernenie
zmeny Klimy.

V auguste 2018 sa rozhodla, Ze kazdy piatok bude namiesto
Skoly sediet pred pred Svédskym parlamentom, aby vyzvala na
réznejsie opatrenia v oblasti zmeny klimy. Coskoro sa do $kol-
skych strajkov vo svojich komunitdch zapojili dalsi Studenti a Stu-
dentky. Spolo¢ne zorganizovali hnutie pod ndzvom Fridays for fu-
ture — Piatky pre budtcnost. Strajky $tudentov sa konali (a dodnes
sa konaju) kazdy tyzden v piatok rézne po svete. V septembri
2019 sa uskutocnili viaceré koordinované protesty, do ktorych
zapojili viac ako 4 miliény fudi. Greta vysttpila na konferencii OSN
o zmene klimy v roku 2018 a aj na dalsich ddlezitych podujatiach
a hnutie Fridays for future vyznamne zvysilo povedomie ludi o kli-
matickej krize a aj tlak na systémové riesenia.

1.3 Aka je naozaj situdcia s oteplovanim planéty?

1

Greta Thunberg is Swedish environmental activist, who rose
to public attention by being only 15 years old and calling on world
leaders to take immediate action to mitigate climate change.

In August 2018, instead of attending school, she began
spending Fridays outside the Swedish parliament to call for
stronger action on climate change. Soon, other students joined
the school strikes in their communities. Together they organised
a movement called Fridays for the Future. Student strikes were
(and still are) held every week on Fridays around the world. In Sep-
tember 2019, there were several coordinated protests involving
more than 4 million people. Greta spoke at the 2018 UN Climate
Change Conference and other major events, and the Fridays for
the Future movement has significantly raised people’s awareness
of the climate crisis as well as the pressure for systemic solutions.

What is the real situation with the warming of the planet?

Klima Zeme sa v priebehu histdrie menila. Len za poslednych

800 000 rokov bolo osem cyklov ladovych dob a teplejsich
obdobi, pricom koniec poslednej ladovej doby pred priblizne
11700 rokmi znamenal zaciatok modernej klimatickej éry — a lud-
skej civilizacie. Vacsina tychto klimatickych zmien sa pripisuje
velmi malym zmendm na obeznej dréhe Zeme, ktoré menia mnoz-
stvo sInec¢nej energie, ktord nasa planéta dostava.®

Earth’s climate has changed throughout history. There have

been eight cycles of ice ages and warmer periods in the last
800,000 years alone, with the end of the last ice age around
11,700 years ago marking the beginning of the modern climate era
— and human civilization. Most of this climate change is attributed
to very small changes in the Earth’s orbit that alter the amount of
solar energy our planet receives.®

1.4 Ako vieme, ze emisie sklenikovych plynov stupaju?
How do we know that greenhouse gas emissions are rising?

Na havajskej sopke Mauna Loa je observatdrium, kde sa meraju
prvky obsiahnuté v atmosfére, ktoré prispievaju ku klimatickym
zmenam. V maji 2024 nameralo observatdrium atmosferickeé CO,
426.90 ppm (parts per million — poclet Castic na 1 milién Castic).

Globdlne emisie oxidu uhli¢itého suvisiace s energetikou
vzrastli v roku 2021 o0 6 % na 36,3 miliardy ton, ¢o je ich historicky
najvyssia Uroven, kedze svetovd ekonomika sa vyrazne rozbehla
po krize COVID-19 a do velkej miery sa stdle spolieha na uhlie,
ktoré pohdna tento rast, podla analyzy IEA z roku 2022

V dalSej sprédve z roku 2023 sa uvadza, Zze narast emisii bol
za rok 2022 miernejsi. Celosvetové emisie CO, suvisiace s ener-
getikou vzrastli v roku 2022 o0 0,9 % alebo 321 Mt, ¢im dosiahli
nové maximum viac ako 36,8 Gt. Po dvoch rokoch vynimocnych
vykyvov vo vyuzivani energie a emisidch, ktoré boli ¢iastocne sp6-
sobené pandémiou Covid-19, bol minuloro¢ny rast ovela pomalsi
ako v roku 2021, ked sa zvysil o viac ako 6 %. Emisie zo spalova-
nia energie sa zvysili o 423 Mt, zatial ¢o emisie z priemyselnych
procesov sa znizili o 102 Mt.”

Podrobnejsie informdcie o klimatickej zmene uvadza aj Slo-
vensky hydrometeorologicky tstav (SHMU) na svojej strénke.®

1.5 Zmena klimy v sucasnosti
Climate change today

Zatial ¢o sa klima Zeme pocas svojej histérie menila, sti¢as-

né oteplovanie prebieha rychlosfou, aku sme za poslednych

10 000 rokov nezaznamenali. Dnes uz existuje silny vedecky kon-
senzus, ze Zem sa otepluje a ze toto oteplovanie je spdsobené
najmé ludskou c¢innostou.

15 https://climate.nasa.gov/evidence/

The observatory on the Hawaiian volcano Mauna Loa is measuring
elements contained in the atmosphere that contribute to climate
change. In May 2024, the observatory measured atmospheric CO,
at 426.90 ppm (parts per million-number of particles per 1 million
parts).

Global energy-related carbon dioxide emissions rose 6% to
36.3 billion tonnes in 2021, their highest level ever, as the world
economy has rebounded strongly from the COVID-19 crisis and still
relies heavily on coal to fuel that growth, according to a 2022 I[EA
analysis.'

Global energy-related CO, emissions grew by 0.9 % or 321 Mt
in 2022, reaching a new high of over 36.8 Gt. Following two years
of exceptional oscillations in energy use and emissions, caused in
part by the Covid-19 pandemic, last year’s growth was much slower
than 20271s rebound of more than 6 %. Emissions from energy
combustion increased by 423 Mt, while emissions from industrial
processes decreased by 102 Mt.”

Slovak hydrometeorological institute (SHMU) also provides
more detailed information on climate change on its website.®

While Earth’s climate has changed throughout its history, current
warming is occurring at a rate not seen in the last 10,000 years. To-
day there is a strong scientific consensus that the Earth is warming
and that this warming is mainly caused by human activity.

16 https://www.iea.org/news/global-co2-emissions-rebounded-to-their-highest-level-in-history-in-2021
17 https://iea.blob.core.windows.net/assets/3c8fa115-35c4-4474-b237-1b00424c8844/CO2Emissionsin2022.pdf

18 https://www.shmu.sk/sk/?page=1790
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1.6 Ako k tomu pristupuje medzindrodné spolocenstvo?
How does the international community approach this?

Medzivladny panel pre zmenu klimy (IPCC)*

IPCC (Intergovernmental Panel on Climate Change) je
vedecky orgdn povereny Ulohou vyhodnocovat riziko zmeny
klimy. Panel bol zaloZzeny v roku 1988 Svetovou meteorologickou
organizdciou (WMO) a Programom Spojenych narodov pre Zivotné
prostredie (UNEF). Obe organizdcie su sticastou OSN. Sidlo ma
v Zeneve a tvori ho 195 ¢lenskych $tatov.

IPCC poskytuje objektivne a komplexné vedecké informdcie
o antropogénnej zmene klimy vrdtane prirodnych, politickych
a ekonomickych dopadov a rizik a moznych moznosti reakcie. Ne-
vykondva pdvodny vyskum ani nemonitoruje klimatické zmeny, ale
pravidelne a systematicky skima vSetku relevantnu publikovanu
literatlru a vydava komplexné hodnotiace sprdvy.

IPCC vyhlasil: ,,Odkedy sa v 70. rokoch zacali systematické
vedecké hodnotenia, vplyv fudskej ¢innosti na oteplovanie klima-
tického systému sa vyvinul z tedrie na preukdzany fakt.”

Vedecké informdcie prevzaté z prirodnych zdrojov (ako su
sondy ladu, skaly a letokruhy stromov) a pomocou modernych
zariadeni (ako su satelity a pristroje) vykazuju znaky meniacej sa
klimy. Od ndrastu globdlnej teploty az po topenie ladovcov mnoz-
stvo dékazov o oteplovani planéty pribuda.

V porovnani' s rokmi 1880 — 1920 sa priemernd teplota na
Zemi zvysila o 1,42 stupnia Celzia (mdj 2024). Ocakdva sa, ze
globdlna priemerna teplota dosiahne alebo prekroci1,5° C (asi
3 stupne F) v priebehu niekolkych nasledujtcich rokov. Tieto zme-
ny ovplyvnia vSetky oblasti Zeme.?°

Zéavaznost ucinkov spdsobenych zmenou klimy bude zavisiet
od buddicich fudskych aktivit. Viac emisii sklenikovych plynov
povedie k va¢sim klimatickym extrémom a rozsiahlym skodlivym
dopadom na celej nasej planéte. Tieto budlce Skody vSak z4visia
od celkového mnozstva oxidu uhli¢itého, ktoré vypustame. Ak
teda dokdzeme znizit emisie, mozno sa vyhneme niektorym z naj-
horsich dopadov.?

Ramcovy dohovor OSN o zmene klimy?2

Rdmcovy dohovor OSN o zmene klimy (UNFCCC — United
Nations Framework Convention on Climate Change) je orgdnom
OSN, ktorého ulohou je podporovat globalnu reakciu na hrozbu
zmeny Klimy.

COP - Conference of Parties

Konferencia zmluvnych strén je najvyssim riadiacim orgdnom
medzindrodného dohovoru UNFCCC. Je zloZzend zo zdstupcov
¢lenskych Statov dohovoru a akreditovanych pozorovatelov. COP
zasada kazdy rok, pokial sa strany nerozhodnu inak. Prvé zasad-
nutie COP sa konalo v Berline v marci 1995.

Kricovou tlohou COP je preskimat ndrodné oznéamenia
a inventdre emisii predlozené zmluvnymi stranami. Na zaklade
tychto informdcii COP hodnoti tcinky opatreni prijatych zmluvnymi
stranami a pokrok dosiahnuty pri dosahovani kone¢ného ciela
dohovoru.

Sucastou je Kjétsky protokol, ktory je medzindrodnou zmlu-
vou, zavazuje zmluvné staty znizovat emisie sklenikovych plynov
na zédklade vedeckého konsenzu, Zze dochddza ku globdlnemu
oteplovaniu a Ze ho spbsobuju emisie CO, spésobené ludskou
¢innostou. Kjotsky protokol bol prijaty v Kjéte v Japonsku 11. de-
cembra 1997 a nadobudol platnost 16. februdra 2005.

19 https://www.ipcc.ch/
20 https://co2.earth/
21 https://climate.nasa.gov/effects/

Intergovernmental Panel on Climate Change (IPCC)"

IPCC is a scientific body tasked with assessing the risk of
climate change. The Panel was established in 1988 by the World
Meteorological Organisation (WMO) and the United Nations En-
vironment Programme (UNEP). Both organisations are part of the
United Nations.

The IPCC provides objective and comprehensive scientific
information on anthropogenic climate change, including natural,
political and economic impacts and risks and possible response
options. It does not conduct original research or monitor climate
change, but regularly and systematically reviews all relevant pub-
lished literature.

The iPCC stated: “Since systematic scientific assessments
began in the 1970s, the influence of human activity on the warming
climate system has evolved from theory to established fact.”

Scientific information taken from natural sources (such as
probes of ice, rocks, and tree rings) and using modern equipment
(such as satellites and instruments) shows signs of a changing
climate. From rising global temperatures to melting glaciers, the
evidence for a warming planet is mounting.

According to the site CO2.earth, the climate temperature has
increased by 1.42° Celsius (May 2024) compared to 1880 — 1920.
The global average temperature is expected to reach or exceed
1.5° C (about 3 degrees F) during the next few years. These chang-
es will affect all areas of the Earth.?°

The severity of the effects caused by climate change will de-
pend on the path of future human activities. More greenhouse gas
emissions will lead to greater climate extremes and widespread
harmful effects across our planet. However, these future effects de-
pend on the total amount of carbon dioxide we emit. So if we can
reduce emissions, we may avoid some of the worst effects.?

UN Climate Change

The UNFCCC (United Nations Framework Convention on Cli-
mate Change) is the United Nations entity tasked with supporting
the global response to the threat of climate change.

COP - Conference of Parties??

The Conference of the Parties is the highest governing body
of the international convention. It is composed of representatives
of member states of the convention and accredited observers.

The COP meets every year, unless the Parties decide other-
wise. The first meeting of the COP was held in Berlin, Germany in
March 1995.

A key role of the COP is to review national notifications and
emissions inventories submitted by Parties. Based on this informa-
tion, the COP evaluates the effects of the measures taken by the
Parties and the progress made in achieving the ultimate goal of the
Convention.

Part of it is the Kyoto Protocol, which is an international treaty
that obliges contracting states to reduce greenhouse gas emis-
sions based on the scientific consensus that global warming is
occurring and that it is caused by CO, emissions caused by human
activity. The Kyoto Protocol was adopted in Kyoto, Japan on 11 De-
cember 1997 and entered into force on 16 February 2005.

22 https://unfccc.int/process-and-meetings/what-are-united-nations-climate-change-conferences
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Vysledkom rokovani na COP20 v Parizi v roku 2015 bolo
prijatie Parizskej dohody, ¢o je medzindrodnd zmluva o zmene
klimy. DIhodobym ciefom Parizskej dohody je udrzat narast prie-
mernej globdlinej teploty vyrazne pod 2 °C nad predindustridlnou
droviou a pokial mozno obmedzit zvy$enie nad 1,5 °C.

Emisie sklenikovych plynov by sa mali ¢o najskér znizit a do
polovice 21. storocia by mali dosiahnut nulu. Ak sa ma udrzat
globdlne oteplenie pod 1,5 °C, je nutné znizit emisie do roku
2030 priblizne o 50 %.

13

Negotiations at COP20 in Paris in 2015 resulted in the adop-
tion of the Paris Agreement, an international treaty on climate
change. The long-term goal of the Paris Agreement is to keep the
increase in global average temperature well below 2 °C above
pre-industrial levels and, as far as possible, to limit the increase to
above 1.5 °C.

Emissions should be reduced as soon as possible and should
reach zero by the middle of the 21st century. If we want to stay be-
low 1.5°C of global warming, emissions must be reduced by around
50% by 2030.

1.7 Eurépska unia — leader v boji s klimatickou zmenu
The European Union — a leader in the fight against climate change

Ciele EU do roku 2030

Eurdpska komisia prijala sibor ndvrhov na prispésobenie
politik EU v oblasti klimy, energetiky, dopravy a zdafiovania na
znizenie emisii sklenikovych plynov do roku 2030 aspori o 55 %
v porovnani s Uroviiami z roku 1990.

Eurépska zelena dohoda (European Green Deal)? predsta-
vuje plan Eurépskej komisie na ekologicku transformdciu hos-
poddrstva Eurdpskej Unie v zaujme udrzatelnej buddcnosti. Cely
svet vratane Eurdpy sa bude musiet vysporiadat s ¢oraz ¢astej$imi
a ndrocnejsimi vyzvami v oblasti zivotného prostredia a zmeny kli-
my. Préve Eurdpska zelend dohoda by mala predstavovat ndstroj
ako celit danym vyzvam a premenit ich na prilezitosti.?*?®

Vetkych 27 &lenskych $tatov EU sa zaviazalo zmenit EU do
roku 2050 na prvy klimaticky neutrdiny kontinent. Aby tento ciel
dosiahli, zaviazali sa znizit emisie do roku 2030 aspor o 55 %
v porovnani s Uroviiami z roku 1990.
Takyto postup pomoze vytvdrat nové prileZitosti pre inovacie

a investicie, pracovné miesta, ako aj:

« znizit emisie z dopravy,

. vytvarat pracovné miesta,

. riesit energetickud chudobu,

. znizit energeticky zavislost na dodavkach energii mimo EU,

. zlepsit zdravie a pohodu obyvatelov &lenskych statov EU.

Udrzatel'na doprava pre vsetkych:
« 55% znizenie emisii z dut do roku 2030,
« 50% znizenie emisii z ndkladnych dut do roku 2030,
« 0 % emisii z novych dut po roku 2035.

Tretia priemyselna revollcia - ciele do 2030
« 35 miliénov obnovenych budov,
« 160 000 vytvorenych zelenych pracovnych miest v staveb-
nictve.

Energetické systémy — zvySovanie podielu obnovitelnej energie
+ 40 % podiel obnovitelnej energie do roku 2030.
Obnova budov - zelensi zivotny styl
Vhodnou obnovou nasich budov a obydli uSetrime energiu,
ochrdnime sa pred extrémnym teplom alebo chladom a vyrieSime
energetickd chudobu. Komisia navrhuje:
« aby Clenské staty ro¢ne renovovali aspor 3 % celkovej
podlahovej plochy vSetkych verejnych budoyv,
- stanovit referencnu hodnotu 49 % obnovitefnych zdrojov
energie v budovéch do roku 2030,
« aby Clenské staty do roku 2030 kazdoro¢ne zvySovali
vyuzivanie obnovitelnej energie pri vykurovani a chladeni
o +1,1 percentudlneho bodu.

EU 2030 goals

The European Commission has adopted a set of proposals
to adapt EU policies in the fields of climate, energy, transport and
taxation to reduce greenhouse gas emissions by at least 55 % by
2030 compared to 1990 levels.

The European Green Deal? represents the European Com-
mission’s plan for the ecological transformation of the European
Union’s economy and creating a sustainable future. The whole
world, including Europe, will have to deal with increasingly frequent
and difficult challenges in the field of environment and climate
change. It is the European Green Deal that should represent a tool
for facing the given challenges and turning them into opportuni-
tieS.24'25

All 27 EU member states are committed to make the EU into the
first climate-neutral continent by 2050. To get there, they have
committed to reducing emissions by at least 55 % by 2030 com-
pared to 1990 levels.
Such a procedure will help create new opportunities for inno-
vation and investment, jobs, as well as:
« reduce emissions in transport,
. create jobs,
- solve energy poverty,
- reduce energy dependence on energy supplies outside the EU,
- improve the health and well-being of the residents of the EU
member states.

Sustainable transport for all:
« 55% reduction in car emissions by 2030,
« 50% reduction in truck emissions by 2030,
« 0% emissions from new cars after 2035.

The third industrial revolution — goals until 2030
« 35 million restored buildings,
- 160,000 green jobs created in the construction industry.

Energy systems — increasing the share of renewable energy
« 40 % share of renewable energy by 2030.

Building renovation — a greener lifestyle
By renovating our buildings and homes properly, we will save
energy, protect ourselves from extreme heat or cold and tackle
energy poverty. The Commission proposes:
«  Member States to renovate at least 3 % of the total floor area
of all public buildings each year,
- set a benchmark of 49 % renewable energy in buildings by
2030,
« Member States to increase the use of renewable energy in
heating and cooling by +1.1 percentage point each year by
2030.

23 https://climate.ec.europa.eu/eu-action/climate-strategies-targets/2030-climate-energy-framework_en
24 https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal_en

25 https://www.minzp.sk/klima/europska-zelena-dohoda/
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Starostlivost o prirodu pre ochranu planéty a ndsho zdravia

Obnova prirody a zvySovanie biodiverzity ponuka rychle
a dostupné riesenie na absorbovanie a ukladanie uhlika.

Komisia preto navrhuje obnovit eurépske lesy, pody, mokra-
de a raseliniskd. Tym sa zvySi absorpcia CO, a nase Zivotné pros-
tredie bude odolnejsie voci klimatickym zmendm.

Nové ciele pre prirodzené odstrariovanie uhlika: 310 Mt
(megaton).

Bioenergia (energia pochddzajlica z biomasy vrdtane biopa-
liv) prispieva k postupnému vyradovaniu fosilnych paliv a dekar-
bonizécii hospodarstva EU. Musi sa viak vyuzivat trvalo udrza-
telnym spésobom. Komisia navrhuje nové prisne kritérid, aby sa
zabrdnilo neudrzatelnej tazbe lesov a chranili sa oblasti s vysokou
hodnotou biodiverzity.?®

ENERGETICKY PLUSOVE MESTSKE STVRTE

Caring for nature to protect the planet and our health

Restoring nature and increasing biodiversity offers a quick
and affordable solution to absorbing and storing carbon.

The Commission therefore proposes to restore Europe’s for-
ests, soils, wetlands and peatlands. This will increase CO, absorp-
tion and make our environment more resilient to climate change.

New targets for natural carbon removal: 310 Mt ( megatonnes).

Bioenergy (energy from biomass, including biofuels) contrib-
utes to phasing out fossil fuels and decarbonising the EU economy.
However, it must be used sustainably. The Commission is propos-
ing strict new criteria to avoid unsustainable logging and to protect
areas of high biodiversity value.?

1.8 Preco hovorime o dekarbonizacii, ¢o to znamena pre budovy — Stvrte — mesta?
Why do we talk about decarbonization, what does it mean for buildings — neighborhoods — cities?

€o je to dekarbonizécia

Dekarbonizécia je skratka pre hladanie alternativnych sp6-
sobov Zivota a préace, ktoré znizuju emisie sklenikovych plynov
a zachytdvaju a ukladaju uhlik do pédy a vegetdcie. Vyzaduje
si radikdlnu zmenu ndsho suc¢asného hospoddrskeho modelu,
ktory sa zameriava na rast za kazdu cenu. Musime zmenit spésob
vyroby energie a rézne zdroje energie, ktoré pouzivame, sposob
vystavby a pohybu a spésob hospoddrenia s poédnymi zdrojmi.

Ci uz spalujeme fosilne paliva priamo, alebo kupujeme vyrobky
naro¢né na emisie oxidu uhli¢itého, musime drasticky znizit svoju
spotrebu alebo prejst na nizkoemisné technoldgie a obnovitefné
alternativy.?”

Ked hovorime o znizovani produkcie emisii sklenikovych
plynov, hovorime o tzv. mitigacnych opatreniach. Mitigacné
opatrenia v budovdch zabezpecdia, aby budovy produkovali menej
emisii z prevaddzky, ako je vykurovanie, chladenie, priprava TUV,
vetranie. Pri vystavbe a obnove je ddlezité taktiez uprednostrnovat
stavebné materialy, ktoré maju nizke ndroky na spotrebu energie
v celom svojom Zivotnom cykle, CiZe s nizkou produkciou emisii CO,,.

1.9 Situacia na Slovensku
Situation in Slovakia

Znizovanie cerpania energetickych zdrojov v budovach

Projektantov Ci uzivatelov stavieb v prvom rade zaujima
energia spotrebovand v budove, avSak z environmentélneho aj
celospoloc¢enského hladiska je dolezité obmedzovat ¢erpanie
energetickych zdrojov. V slcasnosti je v legislative zavedeny po-
jem ,primdrna energia“ — rozumieme tym celkovu energiu odobra-
td z prirodného zdroja (napr. nespracovanych fosilnych paliv Ci
inych energii vstupujucich do systému), vratane energie pouzitej
na prenos a zmenu formy energie dodanej do budovy. Vacsi-
nu energie ziskavame zatial z neobnovitelnych zdrojov, ¢asto
s nizkou ucinnostou a velmi negativnhym dopadom na zivotné
prostredie, preto zniZovanie spotreby primarnej energie je jednou
z hlavnych priorit. Pre posudzovanie energetickej hospodarnosti
dnes vyuzivame ,globdlny ukazovatel primdrna energia“?®.

Od janudra 2021 musia vSetky novostavby spinit podmienku
~takmer nulovej potreby energie®. Prisnejsie poziadavky na bu-
dovy zacala eurdpska legislativa kldst po roku 2010, kedy vydala
smernicu o energetickej hospoddrnosti budov?®. Na Slovensku
sme poziadavky na budovy v legislative postupne sprisnovali;
smernica o energetickej hospodarnosti budov bola prijata v roku
2012 a ndsledne niekolkokrat revidovana.

What is decarbonisation

Decarbonization is shorthand for finding alternative ways of
living and working that reduce greenhouse gas emissions and
capture and store carbon in our soil and vegetation. It requires
a radical change in our current economic model which is focused
on growth at all costs. We must transform how energy is generated
and different sources of energy we use, how we build and move
around, and how land resources are managed. Whether we burn
fossil fuels directly or purchase carbon-intensive products, we
must drastically reduce our consumption or switch to low emission
technologies and renewable alternatives.?’

When we talk about reducing the production of GHG emis-
sions, we are talking about mitigation measures. Mitigation meas-
ures in buildings ensure that they produce less emissions from
operations such as heating, cooling, DHW preparation, ventilation.
Materials are also important during construction and renovation,
building materials with low requirements for energy consumption
during their life cycle, i.e. with low CO, production, should be
preferred.

Reducing the use of energy resources in buildings

Designers or building users are primarily interested in the
energy consumed in the building, but from an environmental
and social point of view, it is important to limit the use of energy
resources. The term “primary energy” is currently introduced in the
legislation — we mean the total energy taken from a natural source
(e.g. unprocessed fossil fuels or other energies entering the sys-
tem), including the energy used to transfer and change the form of
energy supplied to the building. Most of our energy is still obtained
from non-renewable sources, often with low efficiency and a very
negative impact on the environment, therefore reducing the con-
sumption of primary energy is one of the main priorities. To assess
energy efficiency we use the “global primary energy indicator”.?®

From January 2021, all new buildings must meet the condi-
tion of “almost zero energy demand”. European legislation began
to impose stricter requirements on buildings after 2010, when it
issued the Energy Performance of Buildings Directive (EPBD).?° In
Slovakia, we gradually tightened the requirements for buildings in
the legislation. The directive on the energy efficiency of buildings
was adopted in 2012 and subsequently revised several times.

26 https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal/delivering-european-green-deal_en

27 https://unfccc.int/news/decarbonization-cannot-wait
28 Vyhlaska MDVRR SR ¢. 364/2012, ktorou sa vykondva zékon ¢. 555/2005 Z. z.
29 Energy performance of buildings directive — EPBD
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Budovy s takmer nulovou potrebou energie vychddzaju
z principov pasivnych budov, vyznacuju sa velmi nizkou spotrebou
energie na zabezpecenie tepelnej pohody i na celd prevddzku.

Prepracovana Smernica eurépskeho parlamentu a rady (EU)
2024/1275 z o energetickej hospodarnosti budov®
Na zvyéenie energetickej hospodarnosti budov vytvorila EU
legislativny rdmec, ktory zahrffa revidovanu smernicu o energetic-
kej hospodarnosti budov (EU/2024/1275) a revidovanud smernicu
o energetickej efektivnosti (EU/2023/1791). Tieto smernice spolo¢-
ne podporuju politiky, ktoré pomozu:
. dosiahnut do roku 2050 vysoko energeticky efektivny a de-
karbonizovany fond budov
- vytvoria stabilné prostredie pre investi¢né rozhodnutia
« umoznia spotrebitefom a podnikom robit informovanejsie
rozhodnutia s ciefom Setrit energiu a peniaze

Dnia 24. aprila 2024 vyslo nové prepracované znenie Smernice
eurdpskeho parlamentu a Rady (EU) 2024/1275 o energetickej
hospodarnosti budov. Smernica pomaha zvysit mieru obnovy

v EU, najma v pripade najhorsich budov v kazdej krajine. Podporu-
je tiez lepSiu kvalitu ovzdusia, digitalizaciu energetickych systé-
mov budov a zavddzanie infrastruktlry pre udrzatelnd mobilitu.

110 Stratégie Slovenskej republiky
Strategies of the Slovak Republic

Nizkouhlikova stratégia rozvoja Slovenskej republiky do roku
2030 s vyhfadom do roku 2050: Cielom stratégie je nacrtnut
moznosti pre uceleny dlhodoby strategicky vyhlad prechodu na
nizkouhlikové hospoddrstvo, ktoré bude zavr§ené dosiahnutim
klimatickej neutrality v roku 2050. Stratégia identifikuje klticové
politiky a opatrenia, ktoré povedu k splneniu hlavného ciela Pariz-
skej dohody.®

Integrovany narodny energeticky a klimaticky plan na roky
2021 - 2030: PIan je vypracovany v zmysle ¢l. 9 nariadenia EP
a Rady (EU) ¢. 2018/1999 o riadeni EU a opatreni v oblasti klimy.
Tymto pldnom sa aktualizuje platnd energetickd politika z roku
2014. Okrem zakladnych povodnych Styroch pilierov, o ktoré sa
opierala energeticka politika (energetickd bezpecnost, energetic-
kd efektivnost, konkurencieschopnost a udrzatelnost energetiky)
sa planom rozsiruje aj o rozmer dekarbonizacie.®?

V roku 2022 zacalo Ministerstvo zivotného prostredia SR
v sllade s Programovym vyhldsenim vlady a Nizkouhlikovou straté-
giou rozvoja Slovenska republiky pripravovat prvy narodny zdakon
o zmene klimy. MZP SR sa tak prihldsilo k ambiciéznej klimatickej
politike zo strany Eurdpskej Unie a snazi sa ju v maximalnej moznej
miere transponovat do slovenskej reality napr. aj prostrednictvom
navrhu zédkona o zmene klimy. Po parlamentnych volbach v roku
2023 vsak bola priprava klimatického zdkona pozastavend.®
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“Nearly-zero energy buildings” are based on the principles of
passive buildings, characterized by very low energy consumption
to ensure thermal comfort and for the entire operation.

Revised version of the European parliament and council directive
(EU) 2024/1275 on the energy performance of buildings°
To boost the energy performance of buildings, the EU has es-
tablished a legislative framework that includes the revised Energy
Performance of Buildings Directive (EU/2024/1275) and the revised
Energy Efficiency Directive (EU/2023/1791). Together, the directives
promote policies that will help:
- achieve a highly energy efficient and decarbonised building
stock by 2050
- Ccreate a stable environment for investment decisions
« enable consumers and businesses to make more informed
choices to save energy and money.

On 24 April 2024, a new revised version of the European parlia-
ment and council directive (EU) 2024/1275 on the energy perfor-
mance of buildings was published. The directive helps increase the
rate of renovation in the EU, particularly for the worst-performing
buildings in each country. It also supports better air quality, the
digitalisation of energy systems for buildings and the roll-out of
infrastructure for sustainable mobility.

Low Carbon Development Strategy of the Slovak Republic until
2030 with a view to 2050: the aim of the strategy is to outline
options for a comprehensive long-term strategic outlook for the
transition to a low-carbon economy, culminating in the achievement
of climate neutrality in 2050. The Strategy identifies key policies
and actions that will lead to the achievement of the headline target
of the Paris Agreement.®

Integrated National Energy and Climate Plan 2021-2030: The
plan is developed in accordance with Article 9 of Regulation (EU)
No 2018/1999 of the European Parliament and of the Council on
EU governance and climate action. This plan updates the existing
energy policy of 2014. In addition to the basic original four pillars
underpinning the energy policy (energy security, energy efficiency,
competitiveness and energy sustainability), the plan also expands
the plan to include a decarbonisation dimension.?

In 2022, the Ministry of the Environment of the Slovak Re-
public started to prepare the first national law on climate change
in accordance with the Programme Declaration of the Government
and the Low Carbon Development Strategy of the Slovak Repubilic.
The Ministry of the Environment of the Slovak Republic has thus
signed up to the ambitious climate policy of the European Union
and is trying to transpose it as far as possible into Slovak reality,
e.g. by means of the draft law on climate change. However, after
the parliamentary elections in 2023, the preparation of the climate
law was suspended.®

30 https://energy.ec.europa.eu/topics/energy-efficiency/energy-efficient-buildings/energy-performance-buildings-directive_en

31 https://www.minzp.sk/files/oblasti/politika-zmeny-klimy/ets/Its-sk-eng.pdf
32 https://www.mhsr.sk/uploads/files/zsrwR58V.pdf
33 https://www.minzp.sk/klima/zakon-zmene-klimy/
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Adaptdcia na zmenu klimy

Désledky zmeny klimy maju v réznych regiénoch réznu frek-
venciu a intenzitu prejavu. Riesenim, ktoré by malo v kone¢nom
doésledku zabranit, alebo aspon minimalizovat rizikd a negativne
désledky zmeny klimy, je vhodnd kombindcia opatreni zamera-
nych na znizovanie emisii sklenikovych plynov (mitigdcia) a adap-
ta¢nych opatrent.

Adaptacné opatrenia predstavuju sibor moznosti ako sa pri-
rodné a socidlno-ekonomické systémy moézu prispdsobit prebie-
hajlicej alebo ocakdvanej zmene klimy, s cielom zniZovat mozné
negativne dosledky a naopak vyuzivat pozitivnhe désledky zmeny
klimy.34

1.11 Legislativa Slovenskej republiky —

ENERGETICKY PLUSOVE MESTSKE STVRTE

Adaptation to climate change

The consequences of climate change have different fre-
quency and intensity in different regions. The solution that should
ultimately prevent, or at least minimize the risks and negative con-
sequences of climate change, is a suitable combination of meas-
ures aimed at reducing greenhouse gas emissions (mitigation) and
adaptation measures.

Adaptation measures represent a set of options for how natu-
ral and socio-economic systems can adapt to ongoing or expected
climate change, with the aim of reducing possible negative conse-
quences and, on the contrary, using the positive consequences of
climate change.*

implementacia smernic EU v oblasti energetickej hospodarnosti

Legislation of the Slovak Republic — implementation of EU directives in the field of energy efficiency

Pravne predpisy
« Z&kon ¢. 555/2005 Z. z. o energetickej hospoddrnosti budov
v zneni neskorsich predpisov,
» Vyhlaska MDVRR SR ¢. 364/2012 Z. z., ktorou sa vykondva
zdkon ¢. 555/2005 Z. z. o energetickej hospodérnosti budov
« Z&kon ¢. 321/2014 Z. z. o energetickej efektivnosti

Technické predpisy

« STN 73 0540-2: 2012/21-2016 Tepelnd ochrana budov. Tepel-
notechnické vlastnosti stavebnych konstrukcii a budov.
Cast 2: Funkéné poziadavky

« STN 73 0540-3:2012 Tepelna ochrana budov. Tepelnotech-
nické vlastnosti stavebnych konstrukcii a budov.
Cast 3: Vlastnosti prostredia a stavebnych vyrobkov,

» Suvisiace STN EN a ISO normy odkaz vo Vyhl. 364/2012 Z.z.

Legislativa Slovenskej republiky — implementacia smernic EU
v oblasti energetickych spolocenstiev a komunit vyrabajtcich
energiu z obnovitelnych zdrojov energie:
. Z&kon ¢&. 256/2022 Z. z., ktorym sa meni a dopita zdkon
¢. 251/2012 Z. z. o energetike;Zdkon ¢. 363/2022 Z.z., ktorym
sa meni a dopifia zékon ¢&. 309/2009 o podpore obnovitel-
nych zdrojov energie a vysoko Ucinnej kombinovanej vyroby;
» Smernica Eurépskeho parlamentu a Rady Eurdpskej tnie
¢. 2019/944 z 5. juna 2019 o spolo¢nych pravidldch pre vnu-
torny trh s elektrinou a o0 zmene smernice 2012/27/EU;
» Smernica Eurdpskeho parlamentu a Rady Eurdpskej tnie
¢. 2018/2001 z 11. decembra 2018 o podpore vyuzivania ener-
gie z obnovitelnych zdrojov.

34 https://www.minzp.sk/klima/adaptacia-zmenu-klimy/

Legislation
« Law no. 555/2005 Coll. on the energy efficiency of buildings,
as amended,
« Decree MDVRR SR no. 364/2012 Coll., which implements Act
No. 555/2005 Coll. on the energy efficiency of buildings
« Law no. 32172014 Coll. about energy efficiency

Technical regulations

« STN 73 0540-2: 2012/21-2016 Thermal protection of buildings.
Thermal technical properties of construction structures and
buildings. Part 2: Functional requirements

« STN 73 0540-3:2012 Thermal protection of buildings. Thermal
technical properties of construction structures and buildings.
Part 3: Properties of the environment and construction prod-
ucts,

» Related STN EN and ISO standards link in Decree
364/2012 Coll.

Legislation of the Slovak Republic — implementation of EU
directives in the field of energy communities and communities
producing energy from renewable energy sources:

» Law no. 256/2022 Coll., amending Act no. 251/2012 Coll.
on energy; Act no. 363/2022 Coll., which amends Act no.
309/2009 on the support of renewable energy sources and
highly efficient combined production;

- Directive of the European Parliament and the Council of the
European Union no. 2019/944 of June 5, 2019 on common
rules for the internal electricity market and amending Directive
2012/27/EU;

. Directive of the European Parliament and the Council of the
European Union no. 2018/2001 of December 11, 2018 on the
promotion of the use of energy from renewable sources.

POSITIVE ENERGY DISTRICTS 17
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Prehlad PED
PED Overview
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Ciel znizenia emisii sklenikovych plynov stanoveny v klimatic-
kom pldne do roku 2050, ktory EU sformulovala v roku 2011,

a Parizska dohoda z roku 2015 musia byt povazované za jednu

z najdolezitejsich uloh sicasnej spoloc¢nosti. Cielom je zniZit do
roku 2050 emisie sklenikovych plynov o 80 az 95 % v porovnanf{
s Urovnami z roku 1990, a to pri sic¢asnom raste prosperity a hos-
poddrstva, ako i zachovani spolahlivych doddvok energie. Len
takyto pristup ku znizovaniu emisii sklenikovych plynov dokdze
obmedzit dalSie globdlne oteplovanie na dva stupne, ktoré vedci
povazuju za maximum pred tym, ako nastanu nezvratné a nekon-
trolovatelné extrémne klimatické zmeny. VSeobecnou odpovedou
na tuto vyzvu je Setrenie energiou a prechod na uhlikovo neutrdl-
ne obnovitelné zdroje energie.

Energeticky plusové Stvrte su koncepty, ktoré tito problema-
tiku postvaju o krok dalej a spdjaju vyzvy a pldnovanie na Urovni
budov a miest.

“Energeticky plusové stvrte (Positive Energy Districts — PED)
su energeticky efektivne a energeticky flexibilné mestské oblasti,
ktoré produkuju Cisté nulové emisie sklenikovych plynov a aktiv-
ne riadia ro¢nu miestnu alebo regiondlnu nadprodukciu energie
z obnovitelnych zdrojov. VyZaduju si integrdciu réznych systémov
a infrastruktur a interakciu medzi budovami, uzivatelmi a regiondl-
nymi systémami energetiky, mobility a ICT systému (informacné
a komunikacné technoldgie), pricom optimalizuju obyvatelnost
mestského prostredia v sulade so socidlnou, ekonomickou a envi-
ronmentdlnou udrzatelnostou.“®

Energeticky plusové Stvrte su stredobodom mnohych aktivit
sUvisiacich s energetickou transformdciou miest a obci, pretoze
vdaka svojej transdisciplindrnej povahe pontukaju subor jedinec-
nych vyhod a prilezitosti, zahffaju Siroku skdlu tém a cielov. Pred-
pokladd sa, ze energeticky plusové Stvrte sa stanu zékladnym
kamenom strategického Energetického a technologického plénu
pre klimaticky neutrdlnu Eurépu do roku 2050 (SETPIlan).%®

Hoci bol prvy projekt PED zaznamenany v roku 1970, vacsina
projektov sa zacala realizovat az v roku 2014. Pokial ide o PED
s kladnou energetickou bilanciou, vac¢sina projektov uvazuje s ¢a-
sovym rdmcom prevadzky v rdmci roka. Pokial ide o velkost, v su-
Casnosti je takmer tretina projektov mensia ako 2 km? a vyrazne
vacsich je len par projektov. Velkost stvrte ma vplyv aj na vhodné
mechanizmy financovania a inovativne rieSenia v rdmci obstardva-
nia. Napr. sukromné investicie v spojeni' s regiondlnymi/ndrodnymi
grantovymi schémami su bezne pouzivanym finanénym modelom,
ktory reflektuje aj aktivnu tcast sukromného sektora. Obytné,
komeréné a kanceldrske/socidlne budovy su va¢sinou zapojené
do instaldcie systémov obnovitelnych zdrojov energie, ktoré za-
hfiiaju soldrnu energiu, dialkové vykurovanie/chladenie, veternu
a geotermdlnu energiu. Soldrne technoldgie ukazuji dominanciu.
Podstatné vyzvy a prekdzky pre projekty PED su rozne v priebehu
fazy planovania az po fazu realizacie®.

ENERGETICKY PLUSOVE MESTSKE STVRTE

The GHG reduction target of the 2050 climate roadmap formu-
lated by the EU in 2011 and the Paris Agreement in 2015 must be
seen as one of the most important tasks of society today. It aims
to reduce greenhouse gas emissions by 80 to 95% compared to
1990 levels by 2050, while continuing to grow prosperity and the
economy and maintaining a reliable energy supply. Only this GHG
reduction path would limit further global warming to two degrees,
which scientists see as the maximum before irreversible and un-
controllable extreme climatic changes occur. Energy conservation
and the switch to carbon-neutral renewable energy sources are
the general answer to this challenge. Positive Energy Districts are
concepts to elevate this one step further, bridging building and city
level challenges and planning:

“Positive Energy Districts are energy-efficient and ener-
gy-flexible urban areas which produce net zero greenhouse gas
emissions and actively manage an annual local or regional surplus
production of renewable energy. They require integration of differ-
ent systems and infrastructures and interaction between buildings,
the users and the regional energy, mobility, and ICT systems, while
optimizing the livability of the urban environment in line with social,
economic, and environmental sustainability.3®

Positive Energy districts are the focus of many activities
surrounding the energy transition of cities and municipalities, as
they offer a set of unique advantages and opportunities due to
their transdisciplinary nature. They promise to incorporate a wide
range of topics and goals. Positive Energy Districts are believed to
be a cornerstone of the strategic Energy and Technology Plan for
a climate neutral Europe 2050 (SETPlan)

Although the first PED project was recorded in 1970, most pro-
jects started not earlier than 2014. When it comes to being a PED
with a positive energy balance, most PED related projects adopt
an annual time scale of a typical operational year. In terms of size,
nearly a third of projects are smaller than two square-kilometers
and only a limited number of projects is significantly larger. District
size also inform appropriate financing mechanisms and innovative
procurement solutions, that are required to support differently
sized actions: E.g., private investment in conjunction with regional/
national grants is a commonly used financial model which reflects
active involvement from the private sector. Residential, commercial
and office/social buildings are mostly involved in the installation of
renewable energy systems, which includes solar energy, district
heating/cooling, wind and geothermal energy. Solar technologies
show dominance. Substantial challenges and barriers for PED relat-
ed projects vary from planning stage to implementation stage®.

2.1 Co je cielom PED? Co sa ma dosiahnut pomocou PED?
What is the goal of PEDs? What is to be achieved with PEDs?

PED sa povaZuju za rieSenie dekarbonizacie miest, pomahaju
vyrovnavat siet, ako aj zlep$ovat kvalitu Zivota obyvatelov a uzi-
vatelov®®. Eurépska komisia uvddza, ze ambiciou PED je ,ist ovela
dalej, ako sa uz pozaduje v smernici o energetickej hospodarnosti
budov®.

35 Energeticky plusové stvrte (PED) | JPI Urban Europe (jpi-urbaneurope.eu)

Ultimately, PEDs are considered as a solution to decarbonize
cities, help to balance the grid, as well as improving the quality
of life of inhabitants and users®t. The European Commission states
that the ambition of PEDs is to “go well beyond what is already
requested in the Energy Performance of Buildings Directive”.

36 TWG-3. 2-Smart Cities and Communities, "Eurépsky strategicky plan energetickych technoldgii 3.2 Implementacny plan Eurépa sa ma stat globdlnym vzorom v oblasti
integrovanych, inovativnych rieSeni pre planovanie, zavadzanie a replikaciu pozitivnych energetickych Stvrti", 2018.

37 X.Zhang, S. R. Penaka, S. Giriraj, M. N. Sanchez, P. Civiero, und H. Vandevyvere, "Characterizing Positive Energy District (PED) through a Preliminary Review of 60 Existing
Projects in Europe", Buildings, Bd. 11, Nr. 8, Art. Nr. 8, Aug. 2021, doi: 10.3390/buildings11080318.

38 A. Gabalddn Moreno, F. Vélez, B. Alpagut, P. Hernandez, und C. Sanz Montalvillo, "How to Achieve Positive Energy Districts for Sustainable Cities: A Proposed Calculation
Methodology", Sustainability, Bd. 13, ¢. 2, ¢l. Nr. 2, Jan. 2021, doi: 10.3390/su13020710.

POSITIVE ENERGY DISTRICTS

Ich cielom je spojit ciele a nastroje z viacerych oblasti, aby sa
dosiahla vysoka kvalita zivota s efektivnym vyuZzivanim priestoru
a zdrojov, vznikla udrzatelnd a odolnd prevddzka. PED mdzu fle-
xibilne spolupracovat s okolitym energetickym systémom, pri¢om
v Case prebytku obnovitelnych zdrojov energie mozu vyuzivat
viac energie a v ¢ase jej nedostatku mene;j.

Dosahuju to pomocou inteligentnych systémov riadenia
budov a zohladnenim sprdvania a potrieb uzivatelov a obyvatelov,
ich aktivnym zapojenim do pldnovania a rozvoja Stvrti.

Akykolvek systém vydrzi len vtedy, ak ho budu podporo-
vat uZivatelia a obyvatelia. To znameng, Ze je kficové aktivne
zapojenie a umoznenie ich Ucasti tam, kde je to mozné. Moze
to byt prostrednictvom prieskumoyv, spolurozhodovania o kli¢o-
vych otdzkach, organizovania podujati na formovanie a rozvoj
identity priestoru a pod. Hoci koncepcia PED najprv vznikla na
zdklade technologického Usilia o stéle efektivnejsie budovy, ¢o je
v mnohych ohladoch logickym pokracovanim Usilia o dosiahnutie
Standardu budov s nulovou potrebou energie, prave tento aspekt
postavenia obyvatelov do centra pozornosti odliSuje PED od
zastaraného ,technokratického* pristupu k zastavanému pro-
strediu. Na mix ambicidznych energetickych a emisnych cielov,
ktoré umoznuju technoldgie v ich socidlnom kontexte, reaguju aj
odbornici z praxe pri otdzke, ¢im je koncepcia PED prinosna.
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They aim to bring together goals and tools from several
disciplines to achieve high quality of life with efficient space and re-
source use and allow sustainable and resilient operation and use.
They can interact with the surrounding energy system in a flexible
manner, using more energy when there is an excess of renewa-
bles, and using less in times of deficit.

They achieve this with smart building control systems and
considering the users and inhabitants’ behaviors and needs,
actively including them in the planning and development of the
districts.

They realize that any system is only going to last if the users
and inhabitants support it. This means that actively including and
letting them participate where possible is key: This can be via sur-
veys, co-determination of key issues, organizing events to shape
and develop the identity of the space and so on. Even though the
PED concept first originated from the technological push for ever
more efficient buildings, a continuation of the push towards Net
Zero Energy Buildings (NZEB), it is this aspect of putting the in-
habitants in the center that distinguishes the PED from an out-
dated “technocratic” approach to the built environment. This
mix of high energy and emission ambitions enabled by technology
in its societal context is also reflected by practitioners in the field,
when asked what makes the PED concept useful:

Koncept Energeticky plusovych stvrti je uzito¢ny pretoze:

PED concept is useful because:

Pomaha vysvetlit:
It helps to explain:

—
[ ]

iI o0 0

4 4 A
Porovnatelnost stvrti
District comparability

Usmernenie procesu
Process guidance
Vyuzivanie energie
Energy use
Parizska dohoda
Paris agreement
Ciele na urovni stvrte
Targets on district level

Presadzuje:
It promotes:

o

Testovanie rieSeni a suvislosti
Testing solutions and contexts

Klimatické opatrenia
Climate action
Participdacia
Participation
Podporuje vysoké ciele
Encourage high targets
Vplyva na ludi
Influence people

Obrazok 1 Vysledky eurépskeho projektu PED vratane demonétracnych miest vo Viedni, Stokholme a Bruseli,
ktoré poukazuju na silné stranky koncepcie PED z pohladu expertov v danej oblasti®®

Figure 1 Results from a European PED project including demo sites in Vienna, Stockholm and Brussels
highlighting the strengths of the PED concept from the perspective of domain experts®

Energetické poziadavky a z nich vyplyvajlice emisie su vSak tvrdé
fakty, ktoré zdsadnym spdsobom formuji nasu spoloc¢nost a ktoré
je potrebné pochopit. Préave na tomto priese¢niku sa nachadza
koncepcia PED, ktord mé& preklenut miestne a regiondline ciele

a zdroven zabezpecit inkluzivnost, kvalitu Zivota, udrzatelnost

a odolnost, ¢o umoziuji najmodernejsie technoldgie (vratane
systémov ICT) a prdvne a komundlne nastroje pldnovania.

Nevertheless, energy requirements and resulting emissions are
hard facts that shape our society in a profound way and need to be
understood. It is at this intersection that the PED concept is situated
to bridge local and regional targets while safeguarding inclusivity,
quality of life, sustainability and resilience, enabled by cutting-edge
technology (including ICT systems) and legal and municipal plan-
ning instruments.

39 https://energy-cities.eu/project/citiesdpeds-resources/ Working Paper: Definicia pojmu ,pozitivha energeticka Stvrt*
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2.2 Aké su zlozky PED?
What are the Components of a PED?

Koncepcia energeticky plusovych Stvrti je zalozena na troch z&k-
ladnych pilieroch, ktoré prikazuju konat:

1. Energeticka efektivnost: Zabezpecenie pozadovanych
energetickych sluzieb, teda dobre osvetlenych priestorov
s prijemnou teplotou a ¢erstvym vzduchom s ¢o najmensim
mnozstvom energie. Napr. prostrednictvom izoldcie a ucin-
nych zariadeni vzduchotechniky a vykurovania, osvetlenia
riadeného dennym svetlom, orientdcie a dimenzovania okien
s ohfadom na klimu. Energeticka efektivnost urcuje zéklad
ostatnych ¢innosti a musi byt vZzdy na prvom mieste.

2. Energeticka flexibilita: Pozitivhe energetické Stvrte by mali
riadit a prispdsobovat dopyt tak, aby sa lepsie prisposobil
dodavkam z obnovitelnych zdrojov energie, napr. pomocou
inteligentnych spotrebic¢ov alebo vyuzivanim akumulacnej
hmoty budovy, zdsobnikov teplej vody.

3. Dodavka energie z obnovitel'nych zdrojov na mieste: Hlav-
nymi moznostami su fotovoltaika, soldrna termickd energia,
teplo z okolitého prostredia zo vzduchu, zeme a podzemnej
vody, odpadové teplo z priemyselnych a obchodnych proce-
sov (napr. supermarkety alebo serverové farmy), odpadové
teplo z odpadovych vod, mald veternd a vodnd energia,
biomasa atd.

Ciel:

Optimalizacia troch funkcii PED (ener-

ENERGETICKY PLUSOVE MESTSKE STVRTE

The Positive Energy districts concept is based on three core pillars,
which mandate action:

1. Energy Efficiency: Providing the required energy services,
meaning well-lit spaces with comfortable temperature and
fresh air with as little energy as possible. E.g. through insula-
tion and efficient HVAC equipment, daylightcontrolled lighting,
climate-sensitive orientation and sizing of windows. Energy
efficiency sets the baseline of the other activities and always
needs to come first.

2. Energy flexibility: Positive Energy districts should manage
and shift demand so that it better aligns with renewable sup-
ply, e.g., by smart appliances or using the building mass and
hot water tanks as storage.

3. Renewable Energy supply onsite: Main Options are Photo-
voltaics, Solar Thermal, Ambient heat from air, ground and
groundwater, waste heat from industrial and commercial pro-
cesses (e.g., supermarkets or server farms), waste heat from
sewage, small wind and hydropower, biomass, etc.

Target:
Optimisation of the three functions of

geticka ucinnost, energeticka flexibilita PEDs (energy efficiency, energy flexibility

Energeticka
efektivnost
Energy efficiency

Hlavné zdsady:

« Kvalita Zivota

« Inkluzivnost s osobitnym dérazom
na cenovu dostupnost a prevenciu

a vyroba energie) smerom ku klimatic-
kej neutralite a energetickému prebyt-
ku pri zohladneni hlavnych zasad

and energy production) towards climate
neutrality and energy surplus by taking
into account the guiding principles

Guiding principles:

+ Quality of life

« Inclusiveness, with special focus on
affordability and prevention of energy

energetickej chudoby poverty

- Udrzatelnost
- Odolnost a bezpecnost dodavok

« Sustainability
« Resilience and security of energy

Vyroba energie Energeticka energie supply
Energy flexibilita Umoziujlice faktory: Enablers:
production Energy flexibility « Politicka vizia a rémec riadenia - Political vision and governance
- Aktivhe zapojenie problémovych framework
vlastnikov a ob¢anov « Active involvement of problem owners
« Prepojenie energetického a izem- and citizens

ného planovania

- Integration of energy and urban

« IKT a sprava udajov planning

« ICT and data managment

Obrazok 2 Rdmec PED: Zakladné piliere, ciele, hlavné zdsady a moznosti PED

Figure 2 PED Framework: Core pillars, targets, guiding principles and enables of PEDs

Potom su tu dalSie dve oblasti, ktoré su doélezité vzhladom na ich
potencidlne velky vplyv na dopyt po energii a emisie: Mobilita
a zabudované emisie:

Mobilita smerom do Stvrte a v rdmci nej mbze predstavovat
znacénu Cast dopytu po energii, pripadne prevysovat dopyt po
energii na samotnu prevddzku budovy, najma ak sa pri mobilite
stdle vyuziva prevazne individudlna motorizovand mobilita vo
forme automobilov na fosilne palivd, motoriek a podobne. V zave-
re¢nej Casti tohto scendra je uvedeny priklad dopytu po energii na
fosilnu a pripadnu elektricki mobilitu pre viedensku Stvrt Seestadt
Aspern. Existuju vSak aj dovody, pre¢o mobilita nebola integrdinou
slcastou skiimania a planovania PED: Po prvé, neexistuje jasna
metdda alebo Standard, ktory by rozhodol, ktoré aspekty mobility

Then there are two more areas that are important due to their
potentially large impact on energy demand and emissions: Mobility
and embodied emissions.

Mobility to and within a district can constitute a considerable
amount of the energy demand, possibly surpassing the energy de-
mand for building operation itself, especially if mobility still predom-
inantly uses individual motorized mobility in the forms of fossil cars,
mopeds and the like. The final section of this script exemplifies the
fossil and possible electric mobility energy demand for the Vienna
Seestadt Aspern district. However, there are also reasons why mo-
bility has not been as integral a part of PED investigation and plan-
ning: First, there is no clear method or standard to decide, which
mobility aspects should be included and how: Is public transport

40 S. Schneider, T. Zelger, D. Sengl, und J. Baptista, “A Quantitative Positive Energy District Definition with Contextual Targets”, Buildings, Bd. 13, ¢. 5, ¢l. Nr. 5, Mai 2023, doi:

10.3390/buildings13051210.
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by mali byt zahrnuté a akym spésobom: Je zahrnuta energia z ve-
rejnej dopravy? Ktoré cesty su spojené so $tvrtami? Ako ich moz-
no vypocitat alebo dokonca odhadndt? Je zahrnutd aj sikromna
mobilita, napr. vo forme leteckej dopravy? Ako je to s logistikou

a prepravou tovaru do a z okresu?

Neexistuju Standardné odpovede a ked’Zze zahrnutie by vacsi-
nou znacne stazilo realizdciu PED, ¢asto sa Uplne vynechdava. A aj
ked sa rozhodnete zahrnut niektoré aspekty mobility do rozsahu
hodnotenia PED, aké opatrenia mozete ako tvorcovia $tvrte prijat,
aby ste ovplyvnili, nieto este zabezpecili jeho dekarbonizaciu?
Existuje mnoho opatreni, o ktorych je zndme, ze maju pozitivny
vplyv na podiel prepravnej préce v prospech udrzatelnych foriem
dopravy alebo na celkovy pocet kilometrov najazdenych obyva-
tel'mi: Kvalitnd verejna doprava, znizenie poctu parkovacich miest,
dostatok parkovacich a odkladacich miest pre bicykle, zariadenia
na zdielanie bicyklov a dut, dostato¢nd miestna ponuka zédklad-
nych tovarov a sluzieb, aby sme vymenovali aspon niektoré. Z hla-
diska bilancovania, hodnotenia a kalkuldcii je tazké presne vycislit
ucinky tychto opatreni, ale niektoré ndvrhy uz boli predlozené?®,

Zabudovana energia a emisie su spojené s vystavbou
a udrzbou samotnych budov a infrastruktury stvrte pocas celého
zivotného cyklu. V pripade vystavby tzv. greenfieldov (vystavba na
doteraz nezastavanom Uzemi) s vysokou energetickou Ucinnos-
fou, mézu dosahovat rovnakud hodnotu ako prevdadzkova energia
a emisie. KedZe najvacsiu Cast zabudovanej energie a emisii
zvycajne tvori vystavba, brownfieldy a rekonstrukcie maju ovela
nizsiu zabudovanu energiu a emisie. Mozno ich posudit v ramci
tzv. hodnotenia Zivotného cyklu (Life Cycle Assessment LCA), ¢o
je proces zapocitania vSetkej potrebnej energie a emisii skleniko-
vych plynov pre vSetky produktové retazce a zZivotné cykly. Vzhla-
dom na potrebné usilie, LCA zatial nie je Standardnym postupom
pri vystavbe budov a stvrti, ale ziskava na vyzname, pretoze ciel
dekarbonizovat zastavané prostredie sa ¢oraz viac prestva na
existujuci fond budov.

Typickou kritikou pri ndvrhoch stvrti s dérazom na tech-
nologické rieSenia (ako su nizkoteplotné vykurovacie systémy
a rozsiahle soldrne systémy) je, ze zabudovand energia a emisie
dodatocnych zariadeni prevysuju Uspory energie a emisifi, ktoré
tieto systémy prindsaju pocas prevddzky. V tomto pripade méze
pombct LCA, ktoré umozni objasnit stav, pricom zvycajne ukazuje
ovela vyssie prevadzkové Uspory ako zabudovanu energiu, najma
ak je nahrddzany systém stary, neefektivny a pohanany fosilnymi
palivami. Je vSak pravda, ze niektoré systémy obnovitelnych zdro-
jov energie, ako su napriklad fotovoltické moduly alebo intenzivne
vyuzivanie betdnu (na aktivaciu beténového jadra BKT a geo-
termdlnych vrtov) su spojené s vysokou zabudovanou energiu
a emisiami. Nezabldajte vSak, ze zabudovand energia a emisie
vzdy reflektuju vyuzivanie stic¢asného systému vyroby elektrickej
energie, €o sa, dufajme, Casom zlepsi.

Vratane tychto dvoch oblasti si mozno oblast ¢innosti a opat-
reni PED predstavit takto:
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energy included? Which trips are associated with the districts? How
can they be calculated or even estimated? Is private mobility, e.g.,
in the form of air travel included? How about logistics and transport
of goods to and from the district?

There are no standard answers and since inclusion would
mostly make the realization of PED that much harder, it is often
omitted altogether. And even if you decide to include some mo-
bility aspects in the scope of your PED assessment, which actions
can you as district developers take to influence, let alone assure
its decarbonization? There exist many measures that are known
to have a positive effect on the modal split, or the overall mileage
travelled by inhabitants: high quality public transport, reduced
parking spaces, ample bike parking and storage spaces, bike and
car sharing facilities, additional public services, good local supply
of essential goods and services, to just name a few. In terms of
balancing, assessment, and accounting, it is difficult to quantify
the effects of these measures precisely, but some proposals have
been put forward*.

Embodied energy and emissions are associated with the
construction and maintenance of the district’s buildings and infra-
structure themselves over the entire life cycle. They can amount
to the same magnitude as operation energy and emissions in
green field developments with high energy efficiency. Since the
largest part of embodied energy and emissions is typically the
construction, brown field developments and refurbishment projects
have much lower embodied energy and emissions. They can be
assessed in a so-called Life Cycle Assessment (LCA), which is
a process of accounting for all energy required and GHG emitted
for all product chains and life cycles. Due to the effort required,
LCAs are not yet standard procedures in building and district de-
velopment, but they gain importance, as the focus of decarbonizing
the built environment shifts more and more towards the existing
building stock.

A typical criticism of district designs with an emphasis on
technological solutions (such as low temperature heating networks
and extensive solar systems) is that the additional equipment’s em-
bodied energy and emission is dwarfing the energy and emission
savings yielded by these systems during operation. In this case,
LCAs can shed light on the trade-off, and typically show much
higher operational savings than embodied burden, especially if
the system being replaced is old, inefficient and fossil-fueled. It is
true however, that certain renewable systems, such as PV mod-
ules or a heavy use of concrete (for thermal building activation
and geothermal boreholes, come with high embodied energy and
emissions. Keep in mind however, that embodied energies and
emissions always reflect the use of the current electricity system for
production, which will hopefully improve over time.

Including these two areas, the PED field of actions and meas-
ures can be visualized like this:
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Energeticky plusova $tvrt — opatrenia
Positive Energy District — measures

ENERGETICKY PLUSOVE MESTSKE STVRTE

Energeticka uéinnost

- Tepelny plast: pasivny Standard
« HVAC: nizkoteplotné vykurovanie, vetranie

s rekuperdaciou tepla

« Spotreba: Ucinné osvetlenie, spotrebice

Energy efficiency

« Thermal hull: passivehouse
« HVAC: Low-temp heating, heat recovery ventilation
- Demand: efficient lighting, appliances

Vyuzivanie miestnych
obnovitel'nych zdrojov energie

- Soldrna energia: Tepelnd, fotovolticka energia
- Tepelné cerpadld s okolitym teplom

z chladenia, procesy odpadovych vod
Miestne odpadové teplo z chladenia,
odpadovej vody a procesov

Utilization of local renewables

« Solar: Thermal, PV

» Heatpumps with ambient heat from cooling,
waste water processes

« Local waste heat from cooling, waste water
and processes

Udrzatel'na mobilita

Redukcia parkovania

Alternativne moznosti mobility
Zdielanie bicyklov a elektromobilov
Listky na verejnu dopravu

Sustainable Mobility

Reduced parking
Aternative mobility options
Bike/e-park sharing

Public transport ticket

Znizend zabudovana
energia a emisie

« Budovy, Vykurovacie systémy,
Infrastruktura, Mobilita

Reduced embodied
energy and emissions

- Buldings, HVAC systems,
infrastructure, Mobility

Energeticka flexibilita

. Skladovanie tepla: Vyrovnavaci zasobnik,
aktivdcia beténového jadra, zemné vrty

- Skladovanie elektrickej energie: DSM
(batérie, elektrické automobily)

- Flexibilita uzivatela (kolisanie sluzieb)

« Flexibilné vyuzivanie zvacsa
obmedzenych OZE (vyrovndvanie
Spickového zatazenia)

Energy flexibility

- Thermal storage: Buffer tank, TABS,
boreholes

« Electric storage: DSM (batteries e-cars)

« User flexibility (service fluctuations)

- Flexible use of otherwise curtailed RES
(e.g.Wind peak shaving)

Obrazok 3 P&t oblasti ¢innosti a typické opatrenia na dekarbonizaciu $tvrti.

Figure 3 The five areas of action and typical measures for decarbonizing districts

Je dolezité mat na pamati, ze vSetky opatrenia su spojené

s urcitou cenou alebo kompromisom. NajlacnejSie opatrenia

vSak mozno ndjst na osi Uspornosti, Co v podstate znamena
vystadit si s mensim mnozstvom: menej vykurovania (na 20 °C
namiesto 22 °C alebo 24 °C), menej chladenia (na 26 °C namiesto
20 — 22 °C), menej priestoru alebo asponi nie viac vykurovanych
priestorov na osobu, menej individudinej motorovej a viac verejnej
dopravy, menej novych budov a viac modernizécii, menej spotre-
bi¢ov a ich pouzivania atd. Je zbyto¢né hovorit, Ze toto sa lahko
konstatuje a ovela tazsie planuje, nieto este realizuje a dosahuje.
V konec¢nom dosledku je dostatocnost skor perspektivou prijatou
pouzivatelmi nez dobre mienené usmernenie zo strany ndvrharov!
Z hladiska energie a emisii vSak opatrenia v tomto smere mézu
priniest najefektivnejsie vynosy, pretoze nemusia byt natolko
ovplyvnené tzv. rebound-effects, spatnymi ucinkami, ako opatre-
nia zvysujuce Ucinnost zvycajne prindsaju.* Je dolezité, ze mnohé
scendre, ktoré predpokladaju dekarbonizovanu budtcnost, po-
vazuju zvysenie Uspornosti za conditio-sine-qua-non (nevyhnutnu
podmienku), alebo aspon za neoddelitelnd sucast cesty dekarbo-
nizdcie, ako je tu vizualizované:

41 https://en.wikipedia.org/wiki/Rebound_effect_(ochrana prirody)

It is important to keep in mind that all measures come at a price or
trade-off. The cheapest measures can be found on the axis of suf-
ficiency however, which in essence means making due with less:
Less heating (to 20°C instead of 22° or 24°C), less cooling(to 26°C
instead of 20-22°C), less space or at least not more heated space
per person, less individual motorized and more public transport,
less new buildings and more retrofits, less appliances and appli-
ance usage, etc. Needlessly to say, this is easy to state and much
harder to plan for, let alone implement and achieve. Ultimately, suf-
ficiency is a perspective adopted by users rather than a directive
from well-meaning planners! But in terms of energy and emissions,
actions in this direction can yield the most effective returns, as they
might not be as affected by rebound-effects as measures improv-
ing efficiency typically are.* It is important that many scenarios
envisioning a decarbonized future view sufficiency increases as

a conditio-sine-qua-non, or at least an integral component of the
decarbonization pathway, as is visualized here:

POSITIVE ENERGY DISTRICTS

3 osi dekarbonizacie

— Efektivnost
— OZE

3 Axes of decarbonization

— Efficiency

— Renewable Energies
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Eurdépa dnes
9 t produkcia + 3 t spotreba =12t COZeq/osobu/rok

] 1,5 °C ciel
-2t CO,, Josobu/rok

Obrdazok 4 Dosiahnutie parizskych cielov v oblasti klimy si vyZzaduje spolo¢né Usilie v troch oblastiach

Figure 4 Achieving the Paris Climate Goals requires concerted effort across three axes

2.3 Kedy je mozné stvrt nazvat PED? Kritéria a ciele
When can we call a district a PED? Criteria and targets

Hoci sa v poslednych rokoch vasnivo diskutuje o tom, kedy

sa Stvrt stdva PED, vacsina vyskumnikov a odbornikov z praxe

sa zhoduje na jeho charakteristickom znaku, ktorym je kladna
energeticka bilancia. Tato charakteristika ciela — kladna energe-
ticka bilancia — je jednoducha na vyjadrenie a ¢asto sa pouziva
ako klicové kritérium na rozhodovanie ¢i je $tvrt ,PED* V praxi

sa vSak ukazalo, ze to nie je az také jednoduché: Existuje mno-

ho spbsobov, ako zostavit energetickd bilanciu, pricom vietky
mozu priniest velmi odliSné vysledky a vykazovat kladné hodnoty
s vacsim alebo mensim Usilim. Niektori to povaZzuju za charakteris-
tiku: Kazdy projekt si sdm definuje, ¢o mbze a chce dosiahnut, ¢o
zjednodusuje implementdciu, avéak zrejme netreba pripominat, ze
to nie je vhodné na porovndvanie, certifikdciu a Standardizaciu.

Skutoénost, Ze je také tazké definovat koncept PED
vSeobecnejsie, Ciastocne suvisi s tym, ze existuju dva protichodné
ndzory: Na jednej strane je PED ako paradigma alebo ako mys-
lienka, koncept a princip, ktory méze stanovit priority a programy,
pretoze je lahko komunikovatelny a preto schopny ziskat podporu
vacsiny. A na druhej strane je PED ako energeticko-technicky sys-
tém s jasne stanovenou definiciou ciela, ktory umoznuje preuka-
zat dosiahnutie definovaného S$tandardu a suvisiacich cielov.

Ale po poriadku: Obvykle sa za Stvrt povaZuje geograficky lo-
kalizovana oblast s lubovolnym poc¢tom budov, ktord je sucastou
zdstavby. Velkost Stvrte je menej délezitd: Eurépska komisia vo
svojich odpovediach na Casto kladené otazky uvadza, Ze ,energe-
ticky plusovy blok by mal zahrfiiat najmenej 15 000 m? podlahovej
plochy a minimalne tri velké budovy (nové, modernizované alebo
kombindciu oboch) s réznymi typolégiami vyuZitia (napr. obytné,
pracovné, obchodné, rekreacné)“#? , ale existuju aj ovela vacsie
Stvrte az do niekolkych stoviek budov a ovela menSie, ktoré zahr-
naju len 2 — 3 budovy.

Although the question when a district becomes a PED has been
hotly debated in recent years, most researchers and practitioners
agree on its characterizing feature of a positive energy balance.
This idea of a positive energy balance as a target is simple to state
and often used as the key criterium to decide the “PEDness” of

a district. In practice however, it has proven not quite so simple:
There are many ways of constructing an energy balance, all pos-
sibly yielding wildly different results and showing positive sums
with more or less effort. Some consider this a feature: Each project
defining for themselves what they can and will achieve simplifies
implementation, but this does not lend itself to comparison, certifi-
cation and standardization.

The fact that the Positive Energy District concept is so difficult
to define in more general terms is partly related to there being two
opposing views: On one side, there is the PED as a paradigm or as
an idea, concept and principle that can set priorities and agendas
because it is easily communicable and therefore capable of gain-
ing majority support. And there is the PED as an energy-technical
system with a clearly operationalized target definition that enables
proof of the achievement of the defined standard and the associat-
ed targets.

But first things first: A district is usually seen as a geograph-
ically localized area with any number of buildings that are part of
a development. The size of the district is less of a concern: In their
FAQ answers, the European Commission states that “A Positive
Energy Block should include at least 15.000 m? floor area and
a minimum of three large buildings (new, retro-fitted or a combina-
tion of both) with different use typologies (e.g., residential, work,
commercial, recreational)”#?, but there are also much larger districts
up to several hundred buildings and much smaller ones, including
only 2-3 buildings.

42 Eurdpska komisia, ,FAQ — Pracovny program 2018 pre Horizont 2020 — Inteligentné mestd a komunity — Majakové projekty", 16. Dezember 2019. https://ec.europa.eu/info/
funding-tenders/opportunities/docs/cap/h2020/Ic-sc3-scc-1-2018-2019-2020/1872640-faq_sccO1_(updated)_v10_en.pdf (zugegriffen 23. August 2021).
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2.3.1 Vyhody Stvrti oproti jednotlivym stavbam

ENERGETICKY PLUSOVE MESTSKE STVRTE

Advantages of district perspective over individual building plots

Na rozdiel od jednotlivych budov s nulovou spotrebou energie,
méze PED zaujat komplexnejsi pristup k pldnovaniu a rozvoju
energetickych systémov na drovni Stvrte (district energy system,
DES). V tomto pripade sa jednotlivé budovy neposudzuju izolova-
ne, ale ako sucast celkovej energetickej koncepcie. To znamens,
e nie kazda budova musi sama o sebe spiiiat véetky pozadované
vlastnosti. Namiesto toho mozno poziadavky rozdelit medzi viace-
ro budov a oblasti a realizovat ich cielenejsie. Tymto spésobom sa
da Celit priestorovym konfliktom a vyuZzit ekonomické vyhody.

Pristup zamerany na Uroven $tvrte moze lepsie zabezpedit
dolezité kvality, ako je ndvrh zelene a otvorenych pléch alebo
zabezpecenie socidlneho zaclenenia, kvality zivota, komunikacie
a organizacie v Stvrti, nez pristup zamerany na jednotlivé budovy.

Rbézne funkcie ako napriklad obytné, komerc¢né a maloob-
chodné, sa navzdjom dopifiaju: spolo¢né zvézenie a vybalansova-
nie viacerych spdsobov vyuzitia prindsa pre susediace komunity
ekonomické a environmentalne vyhody, pretoZze miestne obnovi-
telné zdroje energie je mozné lepsie vyuzivat.

Kombindcia réznych funkcii v rdmci $tvrte moze priniest aj
niekolko technicko-energetickych vyhod:

Na jednej strane dochadza k okamzitému zniZzeniu sibehu
zatazenia a $piciek zataZenia v dosledku réznych ¢asov uzivania
v priebehu dnia, tyZzdna a roka: V bytoch sa energia spotrebuva
najma vecer a v mensej miere rano. To je v kontraste s kanceldr-
skym a obchodnym vyuzitim, ako aj s prevadzkou maloobchodu
a Skdl, ktorych spotreba energie je spojena s dennym pracovnym
¢asom a otvdracimi hodinami. Podobna interakcia sa vyskytuje
medzi pracovnymi diiami a vikendmi, ako aj sviatkami a prdzdni-
nami: Ludia su doma, v préci, v Skole, na ndkupoch, ale nie vSade
naraz. Tym sa moze vyrovnat $pi¢kové zatazenie, ktoré je potreb-
né zvladnut a znizit tak maximalny vykon elektrarni, pripojok atd".
a tiez umoznit, aby sa dostupné skladovacie priestory vyuzivali
CastejSie, ¢im sa usetria ndklady. Mix réznych uzivatelskych profi-
lov v DES méze zvysit dennd vlastnid spotrebu budov a znizit ich
sezonne poziadavky na vykurovanie a chladenie.

Pristup zaloZeny na zdielani medzi susednymi $tvrtami umoz-
fuje aj zdielanie zdrojov, ako su vozidlad a zdroje tepla: e-auta
a e-bicykle, ale aj vyuzivanie obnovitelnej energie a jej skladova-
nie, napriklad v nizkoteplotnych vykurovacich a chladiacich sys-
témov. To mbze zahfiat agregované rieSenia mobility (multimo-
dalne centra mobility) a ponuky na zdielanie, pripadne umoznené
ponukou komunikdcie (platformy, aplikacie atd.).

V rdmci Stvrti je mozné zaclenit tému energetiky do plano-
vacieho procesu skor a tym nastavit efektivnejsi kurz smerom
k udrzatelnému rozvoju projektov vystavby. Energetické pldno-
vanie v rdmci $tvrte musi prebiehat pred pldnovanim jednotlivych
projektov, aby sa vytvoril vodiaci referenény ramec. Je velmi
dolezité véas stanovit trajektorie jednotlivych projektov. Nastroje,
ako su dohody o mestskom pléanovani, mézu poméct tento postup
pravne ukotvit.

Komplexny rozvoj $tvrte celkovo umoznuje dosiahnut
ambicidznejsie ciele: Jednotlivé ndro¢né aspekty sa mozu
kompenzovat ambiciéznejsim ,zberom nizko visiacich plodov*“
na inych miestach. Stvrt, ktord kombinuje obnovu existujtcich
budov a novu vystavbu, méze dosiahnut vyssie celkové ciele, ak
nova vystavba vykompenzuje obnovené budovy. To je mozné
jednoduchsie dosiahnut pri vyvazovani a kombinovani priamo so
susednou Stvrtou, a v porovnani s abstraktnymi formami zdielania
na r6znych miestach.

In contrast to individual Net-Zero Energy Buildings (NZEB), the PED
can take a more holistic approach to district energy system (DES)
planning and development. Here, the individual building is not
considered in isolation, but as part of an overall energy concept.
This means that not every building needs to fulfill all the desired
qualities on its own. Instead, requirements can be divided among
several buildings and areas and implemented more focused. This
way, space conflicts can be counteracted, and economic advantag-
es can be leveraged.

A district approach can secure important qualities such as de-
sign of green and open space, or ensuring social inclusion, quality
of life, communication and organization in the neighborhood better
than an approach focused on single buildings.

Different uses such as residential, commercial and retail com-
plement each other: the joint consideration and balancing of sev-
eral uses in the neighborhood brings economic and environmental
benefits, because local renewable energy can be better used.

The mix of different uses in districts can create several techni-
cal-energy benefits as well:

On the one hand, there is an immediate reduction of load
simultaneity and load peaks due to the different times of use over
the day, week and year: In apartments, energy is consumed mostly
in the evening and to a lesser extent in the morning. This contrasts
with office and commercial uses, as well as retail and school-type
uses, whose energy consumption is linked to daily working hours
and opening times. A similar interplay occurs between weekdays
and weekends, as well as holidays and vacations: People are at
home, at work, at school, shopping; but they are not everywhere at
once. This can smooth out the peak loads that need to be handled
and thus reduce the maximum power of plants, connections, etc.,
as well as make available storage more usable and more often,
thus saving costs. Mixing different usage profiles in the DES can
increase the building’s diurnal self-consumption and decrease their
seasonal heating and cooling requirements.

The neighborhood approach also enables pooling of resourc-
es such as vehicles and heat sources: This enables sharing models
for mobility such as e-cars and e-bikes, but also the use of renew-
able energy and its storage, for example in a low temperature
heating and cooling network. This can include aggregated mobility
solutions (multi-modal mobility hubs) and sharing offers, possibly
enabled by communication offerings (platforms, apps, etc.)

The district approach allows energy issues to be integrated
earlier in the planning process, and thus sets a more effective
course towards sustainable development of building projects.
District energy planning must happen before individual projects
are planned to provide a guiding frame of reference. It is critical to
set individual project trajectories early. Instruments such as urban
planning agreements can help anchor this legally.

Overall, a comprehensive district development enables
more ambitious goals: Particular challenging aspects can be offset
by more ambitious harvesting of low-hanging fruits elsewhere.

A neighborhood that combines existing building renovations AND
new construction can achieve higher overall goals if the new
construction compensates for the renovation. This is more easily
accomplished when balancing and combining directly in a neigh-
borhood than when there are only abstract forms of effort sharing
in the form of different targets.

POSITIVE ENERGY DISTRICTS

2.4 Co je to kladna energeticka bilancia?
What is a positive energy balance?

Kladnd energetickd bilancia znamen4, Ze sucet vSetkych vyrobe-
nych energif je vyssi ako sucet vSetkych energetickych poziada-
viek Stvrte. NajdblezitejSia Uvaha je nasledovnd: ktoré energetické
sluzby sU zahrnuté v kladnej energetickej bilancii? Casto sa
predpokladd, Ze je Ulohou samotnej Stvrte a projektu definovat,
¢o znamena byt PED v ich kontexte, a podla toho stanovit ciele®.
V tomto zmysle je PED skoér myslienkou alebo konceptom nez
presne definovanou metodikou hodnotenia alebo systémom, ako
je napr. pasivny dom. To znamen4, Ze existuje mnoho spésobov
vypoctu a merania kladnej energetickej bilancie. llustruju to rozne
dieliky v grafe:

Potreba energie
Energy demand
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A positive energy balance means that the sum of all energy pro-
duced is larger than the sum of all energy demands in the district.
The most important consideration here is: Which energy services
are covered in the positive energy balance: It is often assumed to
be the role of the district and project itself to define what it means
to be a PED in their context and to set goals accordingly®. In this
sense, the PED is an idea or concept rather than a well-defined
assessment methodology or system like e.g., the Passive house.
This means that there are many ways to calculate and measure the
positive energy balance. This is illustrated with the different boxes:

Zasobovanie energiou
z obnovitelnych zdrojov na pozemku

Renewable Energy Supply (RES) on-site

Mobilita
Mobility

Zabudovana energia
Embodied energy

Spotreba energie u uzivatelov

User services plug loads typicka energeticky

typical Positive e

Tepla uzitkova voda ST T T T T
Hot water !
Chladenie | : |i
Cooling !
1
\

Vykurovanie
Heating

4 Sturt |
district

Zdroje: Solarna energia — fotovoltické a fototermické panely,
hydro, veternd, energia z biomasy
Sources: solar power (PV), solar thermal, hydro, wind, biomass

Obrazok 5 Schematickd energetickd bilancia PED

Figure 5 Schematic energy balance of PEDs

Najbeznejsim spésobom je pozriet sa na roénu bilanciu primarnej
energie na prevadzku a pouzivanie budovy, a zahrnif véetku
obnovitel'nu energiu vyrobent na mieste. Ak je tato bilancia
rovnaka alebo vyssia ako potreba energie, povazuje sa Stvrt za
PED. VSimnite si, Ze existuju eSte ambicidznejsie pristupy, ktoré
zahffaju aj energiu pre mobilitu a/alebo zabudovanu energiu,

a emisie z vystavby a Udrzby Stvrte®4.

Bez ohladu na to, aky systém sa pouziva, je zvycajne forma-
lizovany v stbore systémovych hranic: tieto hranice vymedzuju,
¢o sa povazuje za sUcast Stvrte z hladiska geografického/priesto-
rového, ¢asového a funkéného. Energia vstupujlca do okresu cez
tuto systémovu hranicu je na zéklade dohody zahrnuté do bilancie
ako zdpornad veli¢ina a energia vystupujlca zo Stvrte (zvycajne
prebytky energie z fotovoltiky doddvané do siete) sa zapocitava
kladne. Toto sa povazuje za bilanciu ,Import/Export. Stucasne je
dolezité poznamenat, ze systémové hranice mozu byt vytycené
rézne, o sposobuje velmi rozdielne kladné energetické bilancie.
Nizsie je uvedeny priklad definicie systémovych hranic PED, ktord
sa pouziva pre snahe certifikovat a Standardizovat PED v ramci
oznacenia klima:aktiv*® v Rakusku.

The most common way is to look at the Annual primary energy
balance for building operation and use and include all renewable
energy produced on site. If the latter is equal or higher than the
energy demand, it is considered a PED. Note, that there are even
more ambitious approaches still, also including energy for mobility
and / or the embodied energy and emissions from construction
and maintenance of the district*.

Whatever system is used, it is usually formalized in a set of
system boundaries: These boundaries define what is considered
inside the district geographic/spatially, temporally and functionally.
Energy entering the district over this system boundary is by con-
vention included as negative quantity in the balance, and energy
exiting the district (typically PV surpluses fed into the grid) are
counted positively. This is considered an “Import/Export” balance.
For now it is important to note that system boundaries can be
drawn differently, causing very different positive energy balances.
The following is an example PED system boundary definition used
for Austrian PED certification and standardization efforts within the
klima:aktiv label*.

43 P. Clerici Maestosi, M. B. Andreucci, und P. Civiero, "Sustainable Urban Areas for 2030 in a Post-COVID-19 Scenario: Energia, Bd. 14, ¢. 1, ¢I. Nr. 1, Jan. 2021, doi: 10.3390/

en14010216.

JPI Urban Europe / SET Plan Action 3.2, "White Paper on PED Reference Framework for Positive Energy Districts and Neighbourhood", JPI Urban Europe: Vieden, Rakusko,
2020. [Online]. Verfligbar unter: https://jpi-urbaneurope.eu/app/uploads/2020/04/White-Paper-PED-Framework-Definition-2020323-final.pdf

44 Pozri napr. definiciu nérskeho okresu s nulovymi emisiami sklenikovych plynov

45 S. Schneider, T. Zelger, D. Sengl, und J. Baptista, "A Quantitative Positive Energy District Definition with Contextual Targets", Buildings, Bd. 13, ¢. 5, ¢l. Nr. 5, Mai 2023, doi:

10.3390/buildings13051210.
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Systémové hranice
System boundaries

Funkcéné — Zohladnené energetické sluzby
Functional — Considered energy services

Priestorové — Bez umelého postivania hranic
Spatial — No “Gerry mandering”

Casové — Obdobie hodnotenia: Rok,
Rozlisenie: Hodinové

Temporal — Ballance period: Annual,
Resolution: Hourly

ENERGETICKY PLUSOVE MESTSKE STVRTE
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Obrazok 6 Priklad hranic systému PED
Figure 6 Example of PED system boundaries

2.4.1 Zvazovanie suvislosti v kontexte stvrte: hustota zastavania
Consideration of district contexts such as district density

Dal$im dolezitym faktorom pri skimani potencidlu réznych Stvrti je
hustota. Z nasledujliceho obrdzku je zrejmé, ze husto zastavand
mestska Stvrf bude moct ovela tazsie dosiahnut rovnaku pozi-
tivnu energeticku bilanciu ako menej zastavana, vidiecka alebo
primestska stvrt alebo susedstvo. Existuje niekolko spdsobov, ako
sa s tym vysporiadat: Bud zahrndt virtudinu energiu alebo ener-
getické kredity z externého prostredia prostrednictvom ndkupu
kreditov za obnovitelné zdroje atd. alebo zmenit ciel energetickej
bilancie tak, aby odrdzal nizsi potencidl.

Fotovoltika tazko realizovatelna
PV barely feasible

pozemok

plot

potreba energie

Another important factor when looking at the potential of differ-
ent districts is density. From the following figure, it is obvious

that a dense urban district will have a much harder time reaching
the same positive energy balance than a sparsely built, rural or
suburban district or neighbourhood. There are a few ways around
this: Either include virtual energy or energy credits from outside the
district by purchasing renewable credits, etc. Or change the target
of the energy balance to reflect the lower potential.

Fotovoltika l'ahko realizovatelna
PV trivial

AN

rovnaky pozemok

same plot

= vyuzitel'né podlazie

hustota

potencial dodavky energie = velkost pozemku

energy demand

= useable floors

energy supply potential

density

= plot size

Obrazok 7 Potencial budov a Stvrti pokryt vlastni potrebu energie do velkej miery zavisi od ich hustoty.

Figure 7 The potential of buildings and districts to cover their own energy demand is very much depending on their density.

POSITIVE ENERGY DISTRICTS

Co to znamen4&? Potencidl Stvrti z hladiska ich energetickej bilan-
cie je taky rozdielny, ze je len tazko mozné dosiahnut pozitivnu
bilanciu vo vsetkych stvrtiach. Namiesto tohto rigidného ciela je
potrebnd vacsia flexibilita z hladiska projektovych cielov. To sa
zvycajne dosahuje jednym z nasledujucich spésobov alebo kom-
bindciou roznych pristupov:

. ,Cesta je ciel*: PED sa povazuje za konecny ciel dlhého
procesu vyvoja, s mensimi, postupnymi mifnikmi, ktoré su
dosiahnutelné a na ktoré sa mozno okamzite zamerat ako na
scesty k PED*.

-, Kupte si, ¢o vdm chyba“: Kladné saldo sa dosahuje urcitou
formou kompenzacného mechanizmu pre saldo, ktoré je
samo o sebe stdle zdporné: Napr. ,virtudlne PED“ umoznu-
ju dynamickud vymenu so zézemim a dosiahnutie kladnej
energetickej bilancie prostrednictvom ndkupu obnovitelnych
zdrojov energie mimo lokality, ktoré sa zahrnu do bilancie.

- ,Nezdlezi na tom, hlavne, ze je atmosféra pozitivna.“ S rastu-
cimi tazkostami pri ziskavani kladnej energetickej bilancie
alebo dokonca pri definovani spésobu jej hodnotenia sa
mnohi odklonili od ,kladnej energetickej bilancie“ ku ,klad-
nému vplyvu na obyvatelov®, ¢o je velmi uzito¢né, pretoze to
v podstate moze znamenat, Ze akékolvek zlepsenie v akom-
kolvek smere mozno povazovat za ,pozitivny vplyv*

- ,Spojte vSetko a vybalansujte cely svet“: Nakoniec, boli
vyvinuté urcité snahy o formalizdciu definicie a hodnotenia
kladnej energetickej bilancie tak, aby zahrriala aj faktory
$pecifické pre dany kontext, ¢o prinieslo zlozitejSie a taz-
kopddnejsie systémy hodnotenia, aby bolo mozné pokryt
Siroku $kdlu stvrti, zvycajne len doladené pre charakteristické
situdcie v konkrétnej krajine.
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What does this mean? The potential energy balance of districts is
so different, that it is hardly feasible to target a positive balance
across the board. Instead of this rigid target, more flexibility is
needed. This is typically achieved in one of the following ways, or
a combination of different approaches:

« “The way is the goal”: The PED is seen as the final goal to
a long development process, with smaller, incremental mile-
stones in between, which are achievable and can be immedi-
ately targeted as “on the roads towards PED”

« “Buy what you miss”: The positive balance is achieved by
some form of offsetting mechanism for a balance that is still
negative by itself: E.g., “Virtual PED”s allow dynamic exchange
with the hinterland and obtaining a positive energy balance
by the means of purchasing offsite renewables to include in
the balance.

« “It doesn’t matter as long as the vibe is positive”: With the
increasing difficulty of obtaining a positive energy balance or
even define how to assess it, many have pivoted from a “pos-
itive energy balance” to a “positive impact for occupants”,
which is very useful as this can basically mean any improve-
ment in any direction whatsoever can be seen as a “positive
impact”.

- “Connect everything and balance the whole world”: Finally,
some efforts have been made to formalize the definition and
assessment of a positive energy balance to also include con-
text specific factors, which have yielded more complex and
unwieldy assessment schemes to be able to cover a wide
range of districts, typically only fine-tuned for characteristic
situations in a particular country.

PED su pomé6ckou na rozprdvanie pribehov
Cielom ,,plusovych energetickych stvrti“ je posunut sa dalej v oblasti udrzatelnej
a nizkoemisnej vystavby, ponuknut vyssiu kvalitu zivota a umoznit bezuhlikovu spoloénost

PEDs are a storytelling device

“Positive energy districts” aim to push further in sustainable and low emission building,
offer higner quality of life and enable a carbon free society

pozitivny vplyv
positive impact

neutralny vplyv

.

neutral impact

negativny vplyv
negative impact

Obrazok 8 Co je pozitivne na $tvrtiach s plusovou energiou?

Figure 8 What is positive about Positive Energy Districts?

Vyvoj koncepcie PED bol do velkej miery podmieneny vyvojom
na zelenej luke (greenfield). V sucasnosti je vSak zrejmé, ze velky
potencidl sa skryva v rozvoji brownfieldov a modernizécii. Nejde
ani tak o okamzité dosiahnutie vysokého ciela kladnej energetic-
kej bilancie, ale skor o samotny proces. Ako ziskavate obyvatelov
a vlastnikov pre svoje rozvojové plany? Aké su pre nich stimuly,
aby investovali do ndkladnej modernizdcie? Existuju okrem financ¢-
nych Uspor aj iné vyhody, ktoré moéze modernizacia a prestavba
Stvrte ponuknut? Je to prisfub klimaticky neutrdineho Zivota?
Alebo zlep$enie kvality Zivota? Stane sa Stvrt atraktivnej$ou alebo
ziska novd identitu? To su délezité otdzky, ktoré je potrebné riesit
pri pldnovani PED.

The development of the PED concept was largely driven by green
field developments. However, nowadays it is clear that the big
potential is in brown field developments and retrofitting. It is less
about immediately achieving the high goal of a positive energy bal-
ance but rather the process itself. How do you get the inhabitants
and owners on board your development plans? Which incentives
are there for them to invest in costly retrofitting? Apart from mon-
etary savings, are there other benefits that the district redevelop-
ment can offer? Is it the promise to live a climate neutral life? Or
the improvement of quality of life? Will the district become more
attractive or gain a new identity? These are important questions
that need to be addressed when planning a PED implementation.
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3.

Trvalo udrzatelna stvrt.Seestadt Aspern - priklad
dobrej praxe

The sustainable district Seestadt Aspern — an example
of good practice

POSITIVE ENERGY DISTRICTS

3.1 Mesta v globalnom kontexte
Cities in a global context

,Mestd st miestami, kde sa boj o trvalo udrzatelny rozvoj vyhrdva
alebo prehrava.” Pan Ki-mun, 6smy generalny tajomnik Organizéacie
Spojenych narodov

Kazdy druhy ¢lovek na svete dnes zZije v meste — do roku
2050 by to mohli byt az tri $tvrtiny svetovej populacie. Mesta
su ekonomickymi a inova¢nymi centrami — produkuju priblizne
80 percent globdlneho hrubého domaceho produktu. Zaroven
vSak spbsobuju az 75 percent ludmi vytvorenych emisii CO,,.
Mesta maju velky potencidl pre udrzatelnejsiu budicnost, pretoze
ich hustota obyvatelstva ponuka predpoklady pre ekologickejsi
Zivot a koncepcie mobility Setriace zdroje. Mestska doprava sa na
celkovych dopravnych emisidch podiela odhadom 37 % a samot-
né mestd su zodpovedné za 70 % celosvetovej spotreby prirod-
nych zdrojov.*®

Andrea Borska
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“Cities are the places where the battle for sustainable develop-
ment is won or lost.” Ban Ki-moon, Eighth Secretary-General of the
United Nations

Every second person worldwide lives in a city today — by
2050 it could be up to three quarters of the world’s population.
Cities are economic and innovation centers — they produce around
80 percent of global gross domestic product. At the same time,
they cause up to 75 percent of anthropogenic CO, emissions.
Cities offer a lot of potential for a more sustainable future, because
their population density has the prerequisites for more ecological
living and resource-saving mobility concepts. Urban transport con-
tributes about 37 % to total transport emissions and cities alone
are responsible for 70 % of the global consumption of natural
resources.*

4 o o, emisie CO, svisiace s energiou
/ . .
O energy related CO, emissions

41,821

letiska
airports

Obrazok 9 Sprava o globalnom stave obnovitelnych zdrojov v mestdch 2019 — REN21
Figure 9 Renewables in Cities 2019 Global Status Report — REN21

V zmysle dohovorov v rémci EU, jednotlivé mestd ¢lenskych
Statov vykrocili na cestu k uhlikovej neutralite. Pomocou plénov,
vizii a stratégii si nastavili postup, ako tento ciel dosiahnut, pri¢com
kazdé mesto postupuje podla vlastného vzorca.

Kodaii sa chce do roku 2025 stat prvym uhlikovo neutral-
nym hlavnym mestom na svete. Klimaticky pldn CPH 2025 je za-
loZeny na Styroch pilieroch: Redukcia spotreby energie, Produkcia
energie z obnovitelnych zdrojov, Mobilita so znizenymi emisiami
a Iniciativy mestskej spravy.*

Viedenska mestskd samosprdva sa zaviazala k cielu uhliko-
vej neutrality do roku 2040, klimatické ciele podrobnejsie defino-
vala v Stratégii inteligentného (klimatického) mesta Vieden (Smart
Climate City Strategy Vienna). Stratégia je zaloZzend na tychto te-
matickych oblastiach: Zdsobovanie energiou, Mobilita a doprava,
Budovy, Ekonomika a zamestnanost, Zero waste & obehové hos-
podarstvo, Adaptacia na zmenu klimy, Mestskd ekoldgia, Zivotné
prostredie a voda, Zdravie a socidlna inkltzia, Vzdeldvanie, veda
a vyskum, Digitalizacia, Participacia, angazovanost a kulttra.*

Under EU conventions, individual member cities have embarked
on a path towards carbon neutrality. Through plans, visions and
strategies, they have set a course of action to achieve this goal,
with each city following its own scheme.

Copenhagen for example, aims to be the world’s first car-
bon-neutral capital city by 2025. The CPH 2025 Climate Plan is
based on four pillars: Reduction of energy consumption, Production
of energy from renewable sources, Mobility with reduced emis-
sions and City Administration Initiatives.

The Vienna City Government committed itself to the objective
of carbon neutrality by 2040. Vienna'’s climate goals are defined
in the Smart (Climate) City Strategy Vienna (SCWS). The strategy is
based on the following thematic fields: Energy supply, Mobility and
transport, Buildings, Economy & employment, Zero waste & circular
economy, Adapting to climate change, Urban ecology, environment
& water, Health & social inclusion, Education, science & research,
Digitalisation, Participation, Engagement & culture.*®

46 https://www.giessen.de/index.php?ModID=7&FID=2874.6735.1&object=tx%7C2874.6735.1#
47 https://urbandevelopmentcph.kk.dk/climate
48 https://smartcity.wien.gv.at/wp-content/uploads/sites/3/2022/05/scwr_klima_2022_web-EN.pdf
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3.2 Certifikacné systémy mestskych stvrti
Certification systems of urban districts

Potreba kvantifikovat trvalo udrzatelné koncepty budov viedla
¢oskoro k vyvoju certifikacnych systémov. Zakladnym systémom
bola britskd metéda hodnotenia BREEAM (Building Research
Establishment Environmental Assessment Method), publikovana
uz v roku 1990. Za poslednych tridsat rokov sa rozsirila certifikdcia
z mierky budov do mierky mestskych Stvrti. Tieto systémy sa stali
zdroven urcitou didaktickou pomockou pre architektov — checklist
udrzatelnych konceptov ekonomickej, ekologickej, socidlno-kul-
tdrnej a procesnej kvality projektu.

Napriklad v Rakusku vznikol certifika¢ny systém na hodnote-
nie sidiel a Stvrti v roku 2022 (klimaaktiv — iniciativa Ministerstva
ochrany klimy, zivotného prostredia, energetiky, mobility, inovécii
a technoldgii). Hodnoti trvald udrzatelnost nasledujicich kategarii:
Management, Komunikacia, Urbanizmus, Budovy, Zdsobovanie
a Mobilita.

3.3 Brownfieldy v struktire mesta
Brownfields in the city structure

V snahe tvorit mestd kratkych vzdialenosti a zahustovat existujticu
mestsku Strukturu, v mestach prebiehaju urbanistické Studie, ktoré
pomaéhaju lokalizovat potencidlne vyvojové tzemia, ktoré stratili
na svojom pdévodnom vyzname.

Brownfield (doslovne ,hnedé pole®) je pévodom anglicky
vyraz pre nehnutelnost (pozemok, objekt, aredl), ktord je nedosta-
to¢ne vyuzivand, zanedband a méze byt aj kontaminovana. Vznika
ako pozostatok priemyselnej, polnohospodarskej, rezidencnej,
vojenskej i inej aktivity. MoZe ist o jednotlivé budovy, komplexy
budov, aredly s budovami alebo len plochy bez budovw.

Patria sem nevyuzivané polnohospodarske a priemyselné
stavby a aredly, nevyuzité dopravné stavby a skladové priesto-
ry (haly aj depdnie), prédzdne administrativne budovy a kultirne
centrd, nevyuzité ndkupné centra, ale aj nevyuzité obytné budovy
— vSetko, o nie je pouzivané.

Medzi odvodené pojmy patria blackfield (doslovne ,Cierne
pole®), ¢o je oznalenie pre lokality s extrémne vysokou kontami-
ndciou pody, podzemnych a povrchovych véd i dalSich zloziek
zivotného prostredia, ktoré su zasadnou prekdzkou pre ich nové
vyuZzitie.*

Podla urbanistickej Studie z roku 2020, sa v Bratislave na-
chadza 131 lokalit brownfieldov na ploche 629 ha, pricom viac nez
113 lokalit nie je ekologicky zataZzenych. V sulade s legislativou
Eurdpskej Unie ,,0 nezaberani dalSej polnohospoddarskej pody,,
by transformdcia tychto uzemi odblokovala rozvojové rezervy
v sidelnej Strukture.>° Tedria udrzatelného rozvoja uprednostnuje
revitalizaciu brownfieldov pred vystavbou na zelenej like (angl.
greenfield), ¢o patri aj medzi 10 perspektiv moderného mesta, ako
ich vytyCuje novd Aténska charta z roku 2003, pretoze lzemie
patri medzi najcennejSie nenahraditelné zdroje.

49 https://sk.wikipedia.org/wiki/Brownfield
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The need to quantify sustainable building concepts soon led to the
development of certification systems. The basic system was the
British assessment method BREEAM (Building Research Establish-
ment Environmental Assessment Method), which was published

in 1990. Over the past thirty years, certification has expanded

from the scale of buildings to the scale of city districts. Evaluation
catalogs have also become a certain didactic aid for architects

— a checklist of sustainable concepts of economic, ecological,
socio-cultural and process quality of the project.

In Austria, for example, a certification system for assessing
settlements and districts was established in 2022 (klima-aktiv — an
initiative of the Ministry of Climate Protection, Environment, Energy,
Mobility, Innovation and Technology). It assesses the sustainability
of the following categories: Management, Communication, Urban-
ism, Buildings, Supply and Mobility.

In an effort to create short-distance cities and densify the existing
urban structure, urban studies are being conducted in cities to help
locate potential development areas that have lost their original
significance.

Brownfield (literally “brown field”) is originally an English term
for a property (land, object, area) that is underutilized, neglected
and may also be contaminated. It arises as a remnant of industrial,
agricultural, residential, military or other activity. It may be individ-
ual buildings, building complexes, campuses with buildings or just
areas without buildings.

It includes unused agricultural and industrial buildings and
sites, unused transport structures and storage areas (halls and de-
pots), empty office buildings and cultural centers, unused shopping
centers, but also unused residential buildings — everything that is
not used.

Derived terms include blackfield, which refers to sites with
extremely high contamination of soil, groundwater, surface water
and other environmental components, which are a major barrier to
reuse.®

According to the urban planning study from 2020, there are
131 brownfield sites in Bratislava on an area of 629 ha, while more
than 113 sites are not ecologically burdened. In accordance with
the legislation of the European Union “on the non-occupation of
additional agricultural land”, the transformation of these territories
would unblock development reserves in the settlement struc-
ture.>° Sustainable development theory favours the revitalization of
brownfields over construction on a green field (greenfield), which is
also among the 10 perspectives of the modern city, as outlined by
the new Athens Charter from 2003, because the territory is one of
the most valuable irreplaceable resources.

50 https://mib.sk/en/studia/urbanisticka-studia-brownfieldy-na-uzemi-hlavneho-mesta-bratislavy/
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Obrazok 10 Urbanisticka stlddia Brownfieldy (MIB 2020) na Uzemi hlavhého mesta Bratislavy

Figure 10 Urban planning study of Brownfields (MIB 2020) in the capital city of Bratislava

3.4 Seestadt Aspern
Seestadt Aspern

Len $estdesiat kilometrov od Bratislavy, na byvalom dzemi letiska
o rozlohe 240 hektdrov, vznikd nova udrzatelnd stvrt Viedne,
Seestadt Aspern. V sicastnosti je to jeden z najvacsich projektov
rozvoja mesta v ramci Eurdpy.

Vitazom urbanistickej stitaze z roku 2007 sa stal Svédsky
ateliér Tovatt Architects & Planners, ktorého masterplan sa stal
modelom mestského rozvoja a zdkladom pre dalSie planovanie.
V roku 2009 bol doplneny o koncepty verejnych priestorov od
danskeho architekta a urbanistu Jana Gehla. Oc¢akdva sa, ze do
roku 2030 bude v Seestadt Zit viac ako 25000 ludi a vznikne
priblizne 20000 pracovnych miest.

V roku 1912 bolo na tzemi vznikajlcej Stvrte postavené
letisko, ktoré po druhej svetovej vojne stratilo na vyzname a po
otvoreni druhej pristdvacej drahy vo Schwechate bolo v roku
1977 zatvorené.

Just sixty kilometers from Bratislava, on the former airport site
of 240 hectares, a new sustainable district of Vienna, Seestadt
Aspern, is being created. It is currently one of the largest urban
development projects in Europe.

The winner of the 2007 urban planning competition was the
Swedish studio Tovatt Architects & Planners, whose masterplan
became a model of urban development and the basis for further
planning. In 2009, it was supplemented with public space concepts
by the Danish architect and urban planner Jan Gehl. By 2030,
more than 25,000 people are expected to live in Seestadt and
around 20,000 jobs will be created.

In 1912, an airport was built on the territory of the emerging
district, which lost its importance after the Second World War and
was closed in 1977 after the opening of the second runway in
Schwechat.
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Obrazok 11 Brownfieldy na tizemi Viedne®

Figure 11 Brownfields in the territory of Vienna®

3.41 Masterplan
Masterplan

S ciefom revitalizovat nevyuzivané lzemie, mesto Vieden zre-
alizovalo v roku 1992 urbanistickd sutaz, ktorej vitazom sa stal
architekt Ridiger Lainer. Jeho ndvrh sa nakoniec nerealizoval,
kedze sa zmenili okrajové podmienky planovanej vytazenosti
lizemia a dodatoc¢ne sa prehodnotila pldnovand vystavba doprav-
nej infrastruktdry.

Nova stvrt Seestadt Aspern sa zacala stavat v roku
2010 podla urbanistického ndvrhu Tovatt Architects and Planners,
Stockholm.

LUdrzatelnost v mestskom planovani je o re$pekte k menia-
cemu sa spbsobu zivota, resSpektovani zédkladnych ludskych po-
trieb a zaclenenia ndvrhu do kontextu. Vytvorenie novej komunity
musi reflektovat a zohladfiovat zmeny v kratkom i dlhom ¢asovom
obdobf, na jednej strane musi byt presne definované, pokial ide
o ciele a ambicie, ale zdroven si musi zachovat flexibilitu a ostat
otvorené voci potrebdm druhych.“ Johannes Tovatt

3.4.2 Etapizacia
Project stages

Pri architektonicko-urbanistickych projektoch mestskych Stvrti je
délezity vhodny ndvrh etdp, podla ktorych sa jednotlivé ¢asti po-
stupne budu budovat. Projekt Seestadt Aspern nechava priestor
na neustdlu kontrolu uz zrealizovaného uzemia v koreldcii s plano-
vanou vystavbou nasledujicej etapy. Vznikd projekt na niekolko
desatrodi, ktory vo svojej ¢iastoénej tvarnosti zohladriuje nepred-
vidatelné ekonomické, socidlne a politické zmeny v buddcnosti.

51 arch + Nr.244 2021, Str103

Obrazok 12 Byvalé letisko v Aspern®?
Figure 12 Former airport in Aspern®?

With the aim of revitalizing unused territory, the city of Vienna held
an urban design competition in 1992, the winner of which was the
architect Rudiger Lainer. In the end, his proposal was not imple-
mented, as the marginal conditions of the planned utilization of
the territory were changed and the planned construction of the
transport infrastructure was additionally re-evaluated.

The new district of Seestadt Aspern began to be built in
2010 according to the urban design of Tovatt Architects and Plan-
ners, Stockholm.

~Sustainability in urban planning is about long-term respect
for changing ways of living, respect for basic human needs and for
the integration into the context. Creation of a new community must
reflect and take account of changes over short and long periods of
time, it needs to be precise as to the goals and aspirations on one
hand, to retain flexibility and to stay open-minded on the other. *
Johannes Tovatt

In architectural and urban planning projects of city districts, it is im-
portant to have a suitable design of the stages according to which
the individual parts will be gradually built. The Seestadt Aspern
project gives room for constant control of the already realized
area in correlation with the planned construction of the next stage.
A project is being created for several decades and in its partial
flexibility takes into account unpredictable economic, social and
political changes in the future.

52 https://www.aspern-seestadt.at/jart/prj3/aspern/data/downloads/2011-citylab-report-2-2-die-instrumente-des-staedtebaus_2017-07-10_1607746.pdf
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Obrazok 13 Urbanisticky navrh R. Lainer z roku 19925
Figure 13 Urban design by R. Lainer from 199253

1. ETAPA 2010 — 2020

Juhozdpadna ¢ast 800.000 m? podlaznej plochy brutto,
zelené priestranstvd, jazero, infrastrukttra, zmiesana stvrt s by-
vanim, kanceldriami, maloobchodnymi prevadzkami a sluzbami,
vyskumné a vyvojové pracoviskd. Prvé vzdeldvacie zariadenie
so Skolkou, zékladnou Skolou, vS§eobecnou strednou $kolou
a strednou odbornou skolou vznika v dvoch etapdch. Vybudované
napojenie metra a doplnenie autobusovou mestskou hromadnou
dopravou.

2. ETAPA 2017 - 2024

Vystavba smerom na sever, 1.200.000 m? podlaznej plochy
brutto. Ukoncenie vlakovej stanice Aspern Nord a napojenie mest-
skej rychlodréhy.

1. STAGE 2010-2020

Southwest part 800,000 m? of gross floor area, green spaces,
lake, infrastructure, mixed district with housing, offices, retail amen-
ities and services, research and development workplaces. The first
educational facility with a kindergarten, elementary school, general
secondary school and secondary vocational school is being cre-
ated in two stages. Built subway connection and supplement with
bus public transport.

2. STAGE 2017-2024

Construction facing north, 1.200.000 m? gross floor area.
Completion of the Aspern Nord train station and connection to the
urban expressway.

53 https://www.aspern-seestadt.at/jart/prj3/aspern/data/downloads/masterplan-flugfeld-aspern-gesamt_2017-07-13_1807738.pdf
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byvanie / housing
byvanie s flexibilnym vyuzitim prizemia / housing with flexible use on the ground floor

prevazne byvanie s flexibilnym vyuzitim na vSetkych podlaziach /predominantly housing
with flexible use on all floors
priemysel a vyroba / industry manufacturing

véetky funkcie okrem komercie a byvania / all functions except commerce and housing
véetky funkcie okrem komercie /all functions except commerce

vetky funkcie okrem byvania / all functions except housing

vyskum a vyvoj / research and development

socialne sluzby / social services

kultdra / culture

volné plochy / free areas

Obrazok 14 Masterplan J. Tovatt 20075
Figure 14 Masterplan by J. Tovatt 2007%

vodné plochy / water

ochrannd zdna / buffer zone

zelené plochy / green areas

technickad infrastruktura / technical infrastructure

pldnované premiestnenie trate / planned relocation of the track
gardze a parkovacie miesta / garages and parking

hromadné gardze / xxx

autobus / bus

elektricka / tram

metro linka U2 / subway U2

zelezniénd trat / railway

54 https://www.aspern-seestadt.at/jart/prj3/aspern/data/downloads/180115_Nutzungen_und_Freiflchen_A1-Plan_2018-02-01_1702384.pdf
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3. ETAPA 2023 - 2028

Zahustovanie Uzemia a optimalizacia mixu polyfunkcie.
Dokoncenie vystavby s 600.000m? podlaznej plochy brutto a do-
pravnych napojeni.
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3. STAGE 2023-2028

Densification of the area and optimization of the polyfunctio-

nal mix. Completion of the development with 600.000 m? of gross
floor area and transport connections.

Obrazok 15 Jednotlivé etapy projektu 2010 — 2028
Figure 15 Individual stages of the 2010-2028 project®®

3.4.3 Struktura projektu
Structure of the project

Severna $tvrt, Zelezni¢na stanica a obchodna ulica — dopravny
uzol, Zelezni¢né namestie, prepojenie obchodnou ulicou s centrél-
nym parkom.

Zelené centrum a jeho predizenie na vychod a zépad — centrélny
park s umelym jazerom, radidlne smerovanie k tomuto bodu.
RingstraRe — spdja vSetky hlavné prijazdové cesty v oblasti, vy-
tvdra koridor medzi centrom a perifériou, prepdja rézne funkcie.
Priemyselné oblasti — v okrajovych oblastiach, Ciasto¢ne definuju
vstup na lzemie — podstatné aj architektonické stvdrnenie.
Oblast vedy a vzdelavania — oblast s az 300.000m? hrubej pod-
laznej plochy, spdjané s mixom funkcii — zaistenie Zivota a kvality
v tejto oblasti poc¢as celého roka.

Superblocks pozdi? metra — délezité pre integraciu vyvysenej
trate do okolitej zdstavby.

Northern quarter, railway station and shopping street — transport
hub, railway square, connection with shopping street and central
park.

The green center and its extension to the east and west — a cen-
tral park with an artificial lake, radial direction to this point.

RingstraRe — connects all the main access roads in the area,
creates a corridor between the center and the periphery, connects
various functions.

Industrial areas — in peripheral areas, partially define the entrance
to the territory — substantial and architectural rendering.

The area of science and education — an area with up to

300,000 m? of gross floor area, combined with a mix of functions —
ensures life and quality in this area throughout the year.

Superblocks along the subway — important for the integration of
the elevated line into the surrounding development.
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Obrazok 16 Urbanisticka struktura Seestadt Aspern®
Figure 16 The urban structure of Seestadt Aspern®

3.4.4 Ciele projektu
Objectives of the project

Zakladnym cielom projektu je odpoved na otdzku — ¢o, ako a pre
koho sa md na novom Uzemf stavat. Zohladfiuju sa predpisy nad-
radeného Uzemného pldnovania, politické ciele, analyzy skutkové-
ho stavu, odhad dopytu trhu, odhad cenovej dostupnosti, kon-
zultdcie s obyvatelmi zijucimi v okoli (participdcia obyvatelstva),
odhady odbornikov z vedenia mesta a externych konzultantov.

Dal$im cielom projektu je dobré dopravné napojenie, velkd
ponuka stavebnych pozemkov, vysoka kvalita verejnych a zele-
nych priestranstiev. Dopravné napojenia: zdstavka Schnellbahn
(napojenie na letisko Schwechat), OBB prepojenie Bratislava-Vie-
den, dve zastdvky metra (napojenie na Hauptbahnhof, centrum
mesta a pristav), napojenie na dialnice a rychlostné cesty.

Projekt Seestadt Aspern by mal pokryt kapacity byvania pre
20.000 ludi a 20.000 pracovnych miest v oblasti administrativy
a sluzieb a 6.000 pracovnych miest v oblasti vyroby.

The basic goal of the project is to answer the question — what,
how and for whom to build on the new territory. The regulations of
the superior spatial planning, political goals, analyses of the actual
situation, estimation of market demand, estimation of affordability,
consultations with residents living in the vicinity (participation of
the population), opinions of experts from the city management and
external consultants are taken into account.

Another goal of the project is a good transport connection,
a large offer of building plots, public and green spaces of a high
quality. Transport connections: Schnellbahn stop (connection to
Schwechat airport), OBB connection Bratislava-Vienna, two subway
stops (connection to Hauptbahnhof, city center and port), connec-
tion to highways and expressways.

The Seestadt Aspern project should cover accommodation
capacity for 20.000 people and 20.000 jobs in the field of adminis-
tration and services and 6.000 jobs in the field of production.

POSITIVE ENERGY DISTRICTS

Nemenej dblezitd je tvorba atraktivnej oblasti s moznostou
rozvoja pre vedu a vyskum. Rozhranie medzi vychodnou a zdpad-
nou Eurdpou je atraktivne pre regiondlne a medzindrodné spoloc-
nosti, vzdeldvacie a vyskumné Ustavy alebo organizécie.

V radmci $tvrte by mal vzniknut plnohodnotny Zivot, teda poly-
funkéna Stvrt, kde je zastldpené byvanie, vzdelanie, préca, s vybu-
dovanou infrastrukturou a zdsobovanim, volnoc¢asovymi aktivitami,
$portom a kultdrou. Ciefom projektu nebolo vybudovat dalsie
sidlisko, ale centrum pre 22. Bezirk (okres) a hrani¢né oblasti —
ndrast obyvatelstva v tejto mestskej casti bol 55.000 obyvatelov
za poslednych 30 rokov, progndza na dalSich 30 rokov je dalSich
30.000 obyvatelov. Vznikd mesto kratkych vzdialenostf.

3.4.5 Verejny priestor
Public Space

Verejny priestor a zelené priestranstvd ziskavaju $pecidlny vyz-
nam a kvalitu. Ulice a nezastavané plochy sa stavaju taziskovym
predmetom projektu a prestdvaju byt zostatkovymi plochami pri
vystavbe. Verejny priestor ma nabddat k pohybu pesich a vyu-
Zivaniu bicyklov a zéroven fungovat ako komunikacny priestor,
priestor pre kazdodenny verejny zivot, vyuzivanie lokdlnych pre-
vddzok, obchodov, restaurdcii, Sportovych a kultlirnych podujati.

Zakladna koncepcia verejného priestoru:

- Jadrom je rozvoj kompaktnej, identitu vytvdrajlcej priestoro-
vej Struktury, s mestskou kvalitou.

. Doéraz je kladeny na vztah medzi budovou a priestorom. Jeho
pomer urcuje verejnud/privatnu mieru parkov, ulic a nédmesti.

- Doraz na udrzatelné koncepty osobnej a verejnej dopravy.

- Vytvorenie ulic a verejnych priestranstiev, s ludskym, obyva-
telnym, doveryhodnym a bezpecnym charakterom.

- Doprava a verejny priestor, ktoré nie st vo vzdjomnom kon-
flikte.

- Rozmiestnenie a organizdcia zmieSanych funkcii.

- InSpirativne, otvorené a zdravé prostredie, ktoré méa schop-
nost spdjat ludi, miesta a ¢innosti, sa dd dosiahnut len na
emociondlnej Urovni ludského sprdvania.

- Spojit verejny zivot univerzit, $kél, kultdrnych institdcii a spo-
lo¢nosti — zéklad pre buddci vyvoj.

« Niektoré z ndvrhov su zdmerne otvorené — podnecuju
permanentny intuitivny pristup zalozeny na dialdgu, revizii
a adaptécii.

« Mesto je vnimané cez verejny priestor — jeho stvdrnenie aj
jeho vztah ku vstupom budov, oknam.

« Vznikd roézna hierarchia verejného priestoru.

- Napojenie na existujlce okolie — radidlne usporiadanie ulic
umocruje jeho integraciu.

- Moznost dodato¢ného rozvoja lzemia (S, J), je zanechana
moznost intenzivnejSieho vyuZitia priestoru v dalsich fazach
— vystavba, nadstavba, zahustenie.
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Equally important is the creation of an attractive area with the
possibility of development for science and research. The interface
between Eastern and Western Europe is attractive for regional and
international companies, educational and research institutes or
organizations.

A fulfilling life should be created within the district, i.e. a multi-
functional neighborhood where housing, education, work, with built
infrastructure and supplies, leisure activities, sports and culture
are represented. The goal of the project was not to build another
housing estate, but a center for the 22nd Bezirk (city district) and
border areas — the population increase in this part of the city was
55.000 inhabitants in the last 30 years, the forecast for the next
30 years is additional 30.000 inhabitants. A city of short distances
is emerging.

Public space and green spaces acquire a special meaning and
quality. Streets and undeveloped areas become the focal point

of the project and are no longer residual areas during construc-
tion. The public space is to encourage pedestrian movement and
bicycle use, while at the same time functioning as a communication
space, a space for everyday public life, the use of local establish-
ments, shops, restaurants, sports and cultural events.

Basic concept of public space:

- The core is the development of a compact, identity-creating
spatial structure with an urban quality.

- Emphasis is placed on the relationship between the building
and the space. Its ratio determines the public/private ratio of
parks, streets and squares.

- The concept of private and public transport, its impact on the
built and natural environment.

- Creating streets and public spaces with a human, livable,
trustworthy and safe character.

- Transport and public space that are not in conflict with each
other.

- Layout and organization of mixed functions.

« Aninspiring, open and healthy environment that has the
ability to connect people, places and activities can only be
achieved at the emotional level of human behavior.

- To connect the pubilic life of universities, schools, cultural
institutions and societies — a basis for future development.

- Some of the proposals are intentionally open-ended — they
encourage a permanent intuitive approach based on dia-
logue, revision and adaptation.

- The city is perceived through public space — its representa-
tion and its relationship to building entrances, windows.

- A different hierarchy of public space is created.

- Connection to the existing neighborhood — the radial arrange-
ment of the streets enhances its integration.

- The possibility of additional development of the territory (S, J),
the possibility of more intensive use of the space in the next
phases — construction, superstructure, densification — is kept.
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3.4.6 Vplyv projektu na zivotné prostredie a ochrana prirodnych zdrojov
The impact of the project on the environment and protection of natural resources

Seestadt Aspern je jeden z prvych projektov v rdmci Rakuska, pre
ktory bola urobend EIA — posudzovanie vplyvov na zivotné pros-

tredie (UVP — Umweltvertraglichkeitspriifung) v oblasti urbanizmu.

Potrebnou bola aj EIA k projektu komunikacii napojenia aredlu.

V rdmci projektu sa klddol déraz na minimalizovanie moto-
rizovanej dopravy. V okoli RingstraBe boli vybudované zberné
gardze, automobilovd doprava je len vo velmi obmedzenej miere
pustand do obytnych zén. Obyvatelia maju z bytov takmer rov-
naku vzdialenost k svojmu zaparkovanému autu ako k zastavke
MHD. Vznikli imyselne atraktivne pesie a cyklistické trasy.

Seestadt Aspern is one of the first projects in Austria for which an
EIA — environmental impact assessment (UVP — Umweltvertragli-
chkeitspriifung) was carried out in the field of urban planning. An
EIA of the communication project connecting the area was also
required.

Within the project, emphasis was placed on minimizing
motorized traffic. Above-ground garages have been built in the
vicinity of Ringstralke, car transport is only allowed in residential
areas to a very limited extent. Residents have almost the same
distance from their apartments to their parked car as to the public
transport stop. Attractive walking and cycling routes were created
on purpose.

T e o S s L

OFFENTLICHER VERKEHR

= D

Obrazok 17 Dopravné rie$enie Seestadt Aspern®

Figure 17 Traffic solution and street system of Seestadt Aspern®®

55 https://www.aspern-seestadt.at/jart/prj3/aspern/data/downloads/180110_oeffentlicher_Verkehr_2018-02-01_1702444 pdf
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Urbanistické rieSenia projektu podporuju energeticku efektiv-
nost budov. Vyrazna je prdca s presinenim, zatienenim a vetrom:
vyska budov stlpa z juhu na sever — maximdlne vyuzitie soldrnej
energie, elimindcia prilisného zatienenia. Kruhovy pédorys oblasti,
doplneny o vhodnu vysadbu a miestami tesné umiestnenie obje-
mov zdstavby redukuju prizemné vetry a tepelné straty. Zlicen4,
Casto uzavretd zdstavba umozniuje centrdine zdsobovanie teplom
— minimalizuju sa tepelné straty typické pre samostatne stojace
budovy. Budovy su energeticky efektivne, ¢asto navrhnuté v pa-
sivnom Standarde.

Prevedené simuldcie nacrtli sibor opatreni na zmiernenie
ucinkov globdlneho oteplovania ako vysadba stromov, zelené fa-
sddy a minimalizdcia zastavanych ploch. V urbanistickej Strukttre
Stvrte ostdva 50% nezastavanych priestranstiev.

teplota °C
temperature

70,0

52,5

175

1 2 3 4 6 7 8 9 10 M 13 14 15 16 17 18 19 21 22 23 24
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The urban solutions of the project support the energy efficiency of
buildings. The work with overshadowing, shading and wind is signif-
icant: the height of buildings increases from south to north — max-
imum use of solar energy, elimination of excessive shading. The
circular floor plan of the area, complemented by suitable planting
and in some places the tight placement of building volumes reduce
ground winds and heat losses. The integrated, often enclosed
development allows for a district heating system — the heat losses
typical of detached buildings are minimized. Buildings are energy
efficient, often designed in a passive standard.

The simulations carried out outlined a set of measures to mit-
igate the effects of global warming, such as planting trees, green
facades and minimizing built-up areas. In the urban structure of the
district, 50% of undeveloped spaces remain.

- dvor s trdvnikom
yard with lawn
48 betonové namestie
concrete square
ulice vysadené so stromami
streets planted with trees
trdvnik medzi domami
the lawn between the houses
@ velky dvor so stromami a travnikom
large yard with trees and lawn
breh jazera so stromami
lake shore with trees
breh jazera bez stromov
lake shore without trees
. beténova plocha Cistad
concrete surface clean
betdnova plocha pri vychodnej fasdde budovy
concrete area near the eastern facade of the building
dvor s trdvnikom a beténovymi plochami
+* yard with lawn and concrete surfaces
pbda bez vegetacie
land without vegetation
dvor s trdvnikom a pédou bez vegetécie
yard with lawn and soil without vegetation

Hodiny pocas dnia / Hours during the day

Obrazok 18 Denné zmeny radiac¢nej teploty (v °C)%®

Figure 18 Daily changes in radiant temperature (in °C)>®

Stidia potvrdila moznost vybudovania prevadzky na vyuzivanie

zemného tepla o vykone 18 MW. Zasobovanie energiou na kure-
nie/pripravu teplej vody v zime a chladenie/pripravu teplej vody

Vv lete.

Odpadovy material nahromadeny na pozemku (vykop jazera,
demolacia pristavacich dréh) bol vyuzity v rémci pozemku (mo-
delovanie terénu, vystavba ciest). Taktiez bol vytvoreny doc¢asny
sklad materidlu v ramci pozemku. Vdaka tomu bolo usetrenych
55.000 jazd kamidnov. Najmenej 60% stavebnej hmoty a materia-
lov bolo prepravovanych zeleznicou.

56 (AIT-Austrian Institute of Technology GmbH: Loibl W. & Totzer T.)

The study confirmed the possibility of building an operation for the
use of geothermal energy with an output of 1I8MW. Energy supply
for heating/preparation of hot water in winter and cooling/prepara-
tion of hot water in summer.

The waste material accumulated on the plot (excavation of
the lake, demolition of runways) was used within the plot (terrain
modeling, road construction). A temporary material warehouse was
also created within the plot. Thanks to this, 55,000 truck trips were
saved. At least 60% of construction materials and materials were
transported by rail.
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Vo vacsine oblasti sveta ludia potrebuju zdroje energie, aby si
mohli vytvorit prijemné podmienky s teplotou v miestnosti 22 az
26 °C, relativnou vihkostou 40 aZz 60 % a dostato¢nym mnozstvom
vzduchu na dychanie v budovdch. Zatial ¢o v miernych pdsmach,
ako je strednd Eurdpa, je na to potrebné relativne malé mnozstvo
energie — za predpokladu, ze budovy su citlivé na klimu, inde sa
na dosiahnutie rovnakej drovne komfortu musi spotrebovat ovela
viac energie.

4.1 Venujte pozornost klime
Pay attention to the climate

Vychodiskovym bodom pre kazdy ndvrh je klima existujlca

v danej lokalite, pricom rozhodujci je priebeh sine¢ného Ziarenia
pocas dfa a roka. Je dolezité si uvedomit, Ze v strednej Eurd-

pe vychddza sIinko na vychode a zapadd na zdpade len v marci

a septembri, zatial ¢o v zime vychadza na juhovychode a zapa-
da na juhozdpade a na poludnie je priblizne 20° nad obzorom.
Naopak v lete vychddza na severovychode a zapadd na severo-
zdpade a na poludnie je 60° nad obzorom. Cim severnejie, tym
pomalsie klesd pod obzor. To je v Uplnom protiklade s rovnikovou
polohou, kde Sinko v podstate pocas celého roka vychddza na
vychode a zapada na zdpade, denne dosahuje oblast zenitu

a najkratSou cestou vertikdlne mizne za horizontom. Kombina-
cia s trvanim sine¢ného Ziarenia, obla¢nostou, hmlou, zrdzkami,
vetrom a vyslednymi parametrami teploty vzduchu a priemernej
teploty prizemnych vrstiev zeme/podzemnej vody tvori zdkladné
klimatické, a teda vonkajsie réamcové podmienky pre projekt.

4

In most areas of the world, people need energy sources to create
comfortable conditions for themselves with 22 to 26 °C room
temperature and a relative humidity of 40 to 60 % and sufficient
breathing air in buildings. While this requires relatively small
amounts of energy in temperate zones such as Central Europe —
assuming climate-sensitive buildings — much more energy must be
used elsewhere to achieve the same level of comfort.

The starting point for each design is the climate existing at the
respective location, with the sun’s path during the day and year
being disproportionately decisive. It is important to note that in
Central Europe the sun only rises in the East and sets in the West
in March and September, while in winter it rises in the South East
and sets in the South West and is about 20° above the horizon at
noon. In summer, on the other hand, it rises in the North East and
sets in the North West and is 60° above the horizon at noon. The
further North, the more dragging and therefore slower the flat sun
sinks below the horizon. This is in complete contrast to an equa-
torial location, where the sun essentially rises in the East and sets
in the West throughout the year, reaching the area of the zenith
daily and disappearing vertically behind the horizon by the shortest
route. The combination with the duration of insolation, cloud cover,
fog, haze, precipitation, wind and the resulting parameters of air
temperature and average temperature of the near-surface earth/
groundwater layers form the essential climatic and therefore exter-
nal framework conditions for the design.

vicae 3

Strednd Eurépa Rovnik Polarny kruh
Central Europe Equator Polar Circle

Obrazok 19 Kazdoro¢ny vychod Slnka

Figure 19 Annual sunrise
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4.2 Pouzivanie a obsadenie
Use and occupancy

Naopak, vnutorné rdmcové podmienky su definované typom
vyuzitia a hustotou obsadenia ludmi a elektrickymi zariadeniami
vyZzarujlcimi teplo/chlad. Obytné miestnosti, (otvorené) kancelé-
rie, vzdeldvacie miestnosti, predndskové saly, laboratdria, fitness
miestnosti: V zavislosti od mnozstva 0s6b alebo zariadeni na m?
priestoru previldda potreba vykurovania alebo chladenia, poZzia-
davka na vetranie a potreba zvih¢ovania alebo odvih¢ovania.

4.3 Vykon bez technologie
Performance without technology

Ciefom ndvrhu citlivého na klimu je vZzdy vytvorit zdkladny komfort
so samotnou budovou v ¢o najvac¢sej miere podla vonkajsich

a vnutornych podmienok a technoldgiou doplnit len to, ¢o sa neda
dosiahnut v ndvrhu budovy.

4.4 Priklady z minulosti
Examples from the past

V minulych storociach bolo stavat domy s ohfadom na klimu este
doblezitejSie ako dnes. V tom ¢ase bola energia k dispozicii vo vel-
mi obmedzenom mnozstve a bola velmi drahd. Okrem sInka bol

k dispozicii vietor, skromné mnozstvo vodnej energie a ako palivo
drevo, drevené uhlie a zivocisny alebo rastlinny olej. Ten vSak bol
k dispozicii len v takom malom mnozstve, ze sa dal pouzit nanaj-
vy$ na svietenie, ale nie na vykurovanie.

Sinko v lete
Sun in summer
Studeny zimny vietor z ndhornej plosiny
Cold winter wind from the plateau

Sinko v zime
Sun in winter

>
»

ﬂ'

Priestor pod skalnym
previsom sa zahrieva
The area under the rock
outcrop is warming up
Letny vanok ponad udolie

A summer breeze up the valley

ENERGETICKY PLUSOVE MESTSKE STVRTE

In contrast, the internal framework conditions are defined by the
type of use and the occupancy density with people and heat/
cold-emitting electrical equipment. Living rooms, (open-plan) offic-
es, educational rooms, lecture halls, laboratories, fitness rooms:
Depending on the amount of people or equipment per m* of
space, heating demand or cooling demand, ventilation requirement
and humidification or dehumidification demand dominate.

The goal of climate-sensitive design is always to create basic com-
fort with the pure building as much as possible according to the
external and internal conditions, and to supplement with technolo-
gy only what cannot be done in the building design.

In past centuries, it was even more essential than today to build
houses in a climate-sensitive way. At that time, energy was
available in very limited quantities and was extremely expensive.
Besides the sun, there was wind, a modest amount of water power,
and wood, charcoal, and animal oil or vegetable oil as fuel. The lat-
ter, however, were only available in such small quantities that they
could at best be used for lighting, but not for heating.

Obrazok 20 a Obrazok 21 Nérodny park Mesa verde, Colorado
Figure 20 and Figure 21 Mesa Verde Nationalpark, Colorado (12 Jhdt)

FRIENE

Obrazok 22 Priene, Maceddnsko, Atriové domy (300 p.n.l.)
Figure 22 Priene, Makedonien, Atrium Houses (300 v.Chr.)

POSITIVE ENERGY DISTRICTS

veternd veza

wind tower
vyvod vzduchu vietor smer vetra
—
air outlet \ I wind wind direction
a0l ,
tah vzduchu v qanate
(podzemny tunel)
air draft in the ganat
i chladna pivnica

cold cellar
L. podtlakova zéna

r negative pressure zone
N
L prudenie vzduchu

voda tectica v qanate
water flowing in the ganat

(chladené konvekciou a odparovanim)
air flow (cooled by convection and evaporation)
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Obrazok 23 a Obrazok 24 Bédgire — Lovec vetrov

Figure 23 and Figure 24 Badgire — Wind catcher

4.5 Dizajn s ohladom na podnebie
Climate sensitive design

V stredoeurdépskom podnebi su odliSné odpovede na zimné a let-
né poziadavky. Meniace sa technoldgie ponukaju v tomto smere
moznosti, ako napriklad vonkajsia ochrana pred sinkom vo forme
individudlne nastavitelnej vonkajsej Zallzie namiesto protisinec-
ného skla (ked’ze to nedokaze rozliSovat medzi zimou a letom).

4.5.1 Stratégie na zimu
Strategies for winter

Vo véeobecnosti sa projektanti snazia vyhoviet zimnym pod-
mienkam pomocou obdlky budovy v kvalite pasivneho domu. Ak
to funkéné a urbanistické poziadavky umoznuju, okna sa mozu
pouzit $pecidlne na zavedenie pasivnej sine¢nej energie a na
zabezpecenie velkého mnoZstva denného svetla. Na tento ucel
najvyssiu hodnotu priepustnosti svetla, pricom hodnota g (celkova
priepustnost energie) sa zvy¢ajne stanovuje v strednom rozsahu
na 0,5, aby bolo mozné rovnako dobre pokryt letné aj zimné ob-
dobie. Cielom je, aby bolo mozné ziskat sIne¢nu energiu v zime,
ale aby v lete nesp6sobovalo prilis vysoké prikony. V pripade
miestnosti s poziadavkami na pouZzivanie bez oslnenia by sa na
zatienenie v zime mali pouZit vnitorné zaldzie proti osineniu.
Takto sa dd vyuZit slne¢né teplo a zéroven sa zabrdni oslneniu.

In the Central European climate, answers to winter and summer

— but in any case different — requirements are needed. Changing
technologies offer possibilities in this respect, such as external

sun protection in the form of an individually adjustable external
venetian blind instead of solar control glass (since the latter cannot
differentiate between winter and summer).

In general, planners try to meet winter conditions with a building
envelope of passive house quality. If the functional and urban
planning requirements allow, windows can be used specifically to
introduce passive solar energy and to provide generous amounts
of daylight. For this purpose, attention is paid to the lowest possi-
ble U value (heat transfer coefficient) and the highest possible light
transmission value, while the g value (total energy transmittance) is
usually set in the middle range at 0.5, in order to be able to cover
summer and winter equally well. The goal is to be able to gain so-
lar energy in winter, but not to cause too high inputs in summer. For
rooms with glare-free usage requirements, internal anti-glare blinds
should be used for shading in winter. In this way, solar heat can be
used while at the same time avoiding glare.
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Obrdazok 25 Solarne zisky v zime, Co-living JAspern, POS architekten

Figure 25 Solar gains in winter, Co-living JAspern, POS architekten

Denné svetlo

Pokial ide o vysoké soldrne zisky cez okenné plochy a dobré
rozloZenie svetla do hibky miestnosti, najvyhodnejsimi viast-
nostami su ¢o najvyssi podiel skla v porovnani's rdmom, napr.
prostrednictvom nedelenych sklenenych pléch a tenkych rédmoy,
bez nadprazia (alebo len s nizkym nadprazim) a tiez oknd vo
vySke miestnosti, okrem svetlych povrchov miestnosti a svetlych
otvorov.

Specifické prehrievanie

V obytnych budovdch mozno v zime $pecificky povolit pre-
hrievanie miestnosti soldarnymi ziskami, pretoze intenzivne sine¢né
Ziarenie ma v obdobi bez svetla aj zdravotny prinos.

Kompaktny plast budovy

Okrem toho je kompaktny pldst budovy vyhodny z hladis-
ka zimnej tepelnej ochrany. Pri zva¢$ovani obvodového pldsta
z architektonickych dévodov treba vzdy zvazit ich energetickd
a slicasne aj finan¢nd nevyhodnost.

Tepelna akumulaéna hmota

Dostato¢na akumulacnd hmota na absorbovanie pasivnych
soldrnych ziskov alebo ziskov z inych nestalych obnovitelnych
zdrojov energie (napr. z odCerpdvania prebytocnej energie vetra
a privadzania dodatoCnej tepelnej energie, ktord poskytuje tepelné
Cerpadlo prostrednictvom aktivacie stavebnych prvkov) méze
v zime doplnit systém.

Daylight

With regard to a high yield of daylight via the opening surfac-
es and a good distribution of light into the depth of the room, the
most advantageous features are as high a proportion of glass as
possible in comparison to the frame, e.g. through undivided glass
surfaces and slim frames, no lintel (or only a low one) and also
room-height windows, in addition to light-colored room surfaces
and light-colored reveals.

Specific overheating

In residential buildings, the overheating of rooms by solar
gains can be specifically allowed in winter, since the intense sun-
light also has a health benefit in the lightless season

Compact building envelope

In addition, a compact building envelope is advantageous
for winter thermal protection. When enlarging the envelope for
architectural reasons, these must always be weighed against the
energetic and also the financial disadvantage at the same time.

Thermal storage mass

Sufficient storage mass to absorb passive solar gains or gains
from other volatile renewables (e.g., from skimming excess wind
power and bringing in additional heat energy provided by a heat
pump via building component activation) can round out the system
in winter.

POSITIVE ENERGY DISTRICTS
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Obrazok 26 a Obrazok 27 Priznané zelezobeténové dosky ako akumulacna hmota, ENERGYbase, POS architekten

Figure 26 and Figure 27 Uncovered reinforced concrete slabs as a mass capable of storage, ENERGYbase, POS architekten

Mechanické vetranie s rekuperaciou tepla

Hoci mechanické vetranie nema ni¢ spolo¢né s citlivostou
na klimu, ma zmysel alebo je absoltitne nevyhnutné na niektoré
Ucely (vzdeldvanie, priestory na podujatia) a spdja v sebe aj dalSie
vlastnosti, ako je vy$si teplotny komfort, vysSia kvalita vzduchu,
vyssia zvukovad izoldcia, ¢o by bolo fazko mozné dosiahnut vetra-
nim oknami. Mechanické systémy sa daju realizovat aj s mensim
Usilim, napr. odstranenim potreby siete na odvod vzduchu a znize-
nim objemu vzduchu pouzitim prepadovych otvorov, kaskddovym
vyuzitim vzduchu a centrdlnym odsdvanim vzduchu na kazdom
poschodi. Kaskddové vyuzivanie vzduchu znamena, ze vzduch
z priestorov s privddzanym vzduchom prepadava do inych priesto-
rov skor, ako sa odvedie z priestorov s odvadzanym vzduchom.

4.5.2 Stratégie na leto
Strategies for summer

V stredoeurdépskom podnebi, ktoré sa v dosledku klimatickej
zmeny zohrieva dvakrat rychlejsie ako svetovy priemer, Coraz viac
nadobuda vyznam venovat sa aj letnym podmienkam, a to nielen
pri navrhovani kanceldrskych budov a budov s vysokou mierou
obsadenosti, ale aj pri bytovej vystavbe.

Tropické noci

Vo vSeobecnosti treba venovat osobitnd pozornost skutoc-
nym miestnym teplotnym pomerom a poctu tropickych noci. (t. .
teplota neklesne pod 20 °C) Lokalita v centre mesta a okrajova
Stvrf s mnozstvom zelene su v lete ako dva rozdielne svety.

Subor viaczlozkovych opatreni

Klimaticka citlivost pre leto znamend kombindciu réznych
opatreni. Okrem dobrej tepelnej izoldcie, vysokej kvality zaskle-
nia a mierneho podielu okien je mimoriadne dolezitd vonkajsia
ochrana pred sinkom.

Mechanical ventilation with heat recovery

Although mechanical ventilation has nothing to do with cli-
mate sensitivity, it makes sense or is absolutely necessary for some
uses (education, event rooms) and also combines other qualities
such as higher temperature comfort, higher air quality, higher
sound insulation, which would hardly be possible via window
ventilation. Mechanical systems can also be implemented with less
effort, e.g. by eliminating the need for an exhaust air network and
reducing air volumes by using overflow openings, cascading air
utilization and central exhaust ventilation on each floor. Cascadic
air utilization means that air from supply air spaces overflows into
other areas before it is discharged from exhaust air spaces.

In the Central European climate, which is warming twice as fast as
the world average due to climate change, it is becoming increas-
ingly important to consider summer conditions, not only in the
design of office and high-occupancy buildings, but also in residen-
tial construction.

Tropical nights

In general, special attention should be paid to real local tem-
perature patterns and the number of tropical nights. (i.e. tempera-
ture does not drop below 20°C) An inner-city location and a leafy
outskirts district are worlds apart in summer.

Set of measures from several components

Climate sensitivity for the summer case means a combination
of different measures. In addition to good thermal insulation, high
glazing quality and a moderate proportion of windows, external sun
protection is particularly important.
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Obrdazok 28 Primerany podiel okien, prednaskova séla a administrativna budova HS Landshut, POS architekten

Figure 28 Moderate share of windows, Horsaal und Verwaltungsgeb&dude HS Landshut, POS architekten

Ochrana pred sIlneénym ziarenim

Konstrukéné sine¢né tienenie (napr. markiza, zastreSenie)
ponuka pri spravnej aplikacii mnoho vyhod, ale nikdy nie je také
ucinné ako napriklad vonkajsie zaluzie, pretoze nedokdaze bloko-
vat vyrazné difizne Ziarenie.

V praxi sa osvedcilo pouzivanie perforovanych vonkajsich
Zaluzii s priemerom otvoru priblizne 0,7 mm a podielom otvorov
5-8 %. O nieco horsi tieniaci Uc¢inok je sprevddzany obrovskou vy-
hodou transparentnosti a dostato¢nej vytaznosti denného svetla,
preto perforované Zaluzie nevyzaduju dodatocné umelé osvetle-
nie ani pri dplnom zatvoreni.

Okrem toho je pouzitie takejto ,uzavretej“ ochrany pred sin-
kom uzito¢né nielen vtedy, ked na fasadu dopada priame sinko,
ale aj — najma pocas hortcich dni s teplotou nad 29 °C — takmer
pocas celého dna, bez ohladu na smer kompasu. Tepelnu vyhodu
vSak treba dat do kontrastu s tym, Ze niektori fudia sa pri takomto
mnozstve tiena — napriek moznosti priehladu — citia prili§ izolova-
ni od vonkajsieho sveta a nie su ochotni udrZiavat sine¢nu clonu
zatiahnutu.

Solar protection

Structural solar shading (e.g., a canopy) offers many benefits
when properly applied, but is never as effective as, say, an exterior
venetian blind because it cannot block significant diffuse radiation.

In practice, the use of perforated external venetian blinds with
a hole diameter of approx. 0.7 mm and a hole proportion of 5-8 %
has proven to be suitable. The somewhat poorer shading effect is
accompanied by the enormous advantage of transparency and suf-
ficient daylight yield, which is why perforated blinds do not require
additional artificial lighting even when fully closed.

In addition, the use of such “closed” sun protection is not only
useful when there is direct sun on the facade, but also — especially
on hot days above 29 °C — almost during the entire day, regardless
of the compass direction. However, the thermal advantage must be
contrasted with the fact that some people feel too isolated from the
outside world when there is so much shade — despite the possibili-
ty of seeing through — and are not prepared to keep the sunshade
drawn.

POSITIVE ENERGY DISTRICTS

Obrazok 29 Vnutorné tienenie prostrednictvom konstrukénej ochrany pred sinkom, Co-living JAspern, POS architekten
Figure 29 Intrinsic shading through constructive Sun protection, Co-living JAspern, POS architekten

Obrazok 30 Transparentnd perforovand sinecna clona, ENERGYbase, POS architekten

Figure 30 Perforated sunshade with transparency, ENERGYbase, POS architekten
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Tepelna akumula¢na hmota

Tepelnd akumula¢nd hmota v budove je nevyhnutnd najma
v lete. Dobrym prostriedkom na dosiahnutie tohto ciela su zelezo-
beténové stropy, vyhybanie sa zavesenym stropom a tiez potery
s kamennou alebo keramickom povrchovou Upravou s vysokou
Specifickou tepelnou akumuldciou. Tym sa spomali ndrast teploty
v miestnosti poc¢as diia, pricom stavebné prvky sa v noci ,vybiju*,
a preto mozu pocas dna opéat absorbovat tepelnd energiu. Najma
pri drevostavbach je délezité zvysit akumula¢nid hmotnost pro-
strednictvom povrchovej Upravy.

ENERGETICKY PLUSOVE MESTSKE STVRTE

Thermal storage mass

A high heat storage mass in the building is essential, espe-
cially in summer. Reinforced concrete ceilings are a good means
of achieving this, as is the avoidance of suspended ceilings, and
also screeds with stone or tile coverings with a high specific heat
storage quality. This slows down the temperature rise in the room
during the day, while the building components are “discharged” at
night and can therefore absorb heat energy again during the day.
In wood construction in particular, it is important to increase the
storable mass via the finishing.

Obrazok 31 Vysoko kumula¢ny kamen na podlahe, hlinend omietka 2-vrstvovd na strope ako akumula¢nd hmota,
Plne ekologicka stresnd nadstavba, POS architekten

Figure 31 High storage soapstone on the floor, clay plaster 2-layer on the ceiling as a storage mass,
Fully ecological roof extension, POS architekten

Obrdazok 32 a Obrazok 33 Vnltorna stena a podlahovd doska z RC ako Uloznd hmota, rekreacné stredisko ,Inselwelt’, Georg W. Reinberg, Jois
Figure 32 and Figure 33 RC inner wall and floor slab as a storage mass, Holiday Resort ,Inselwelt”, Georg W. Reinberg, Jois
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Chladenie cez noc

Na to, aby nizkoenergeticky pristup fungoval bez chladenia,
je nevyhnutné no¢né chladenie budovy. Ak to nie je mozné, preto-
Ze vonkajsia teplota v noci neklesne pod 20 °C, nie je mozné ani
pri najlepsich opatreniach zarudit teplotu v miestnosti pocas dna
pod 26 °C.
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Free cooling overnight

For the low-tech approach to work without cooling, nighttime
cooling of the building is essential. If this is not possible because
the outdoor temperature at night does not fall below 20 °C, it is not
possible to guarantee a room temperature below 26 °C during the
day, even with the best measures.

Obrazok 34 a Obrazok 35 Prirodzené vetranie, foyer, prednédskova séla a administrativna budova, HS Landshut, POS architekten
Figure 34 and Figure 35 Free cooling, Foyer, Horsaal und Verwaltungsgebaude, HS Landshut, POS architekten

Obrazok 36 a Obrazok 37 Prirodzené vetranie, otvorené vyucbové zény, Sperlgymnasium, POS architekten

Figure 36 and Figure 37 Free cooling, open learning zones, Sperlgymnasium, POS architekten
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Avsak pocas vsetkych dni, ked no¢na teplota klesne primerane
nizko, je mozné budovu ucinne ochladzovat pomocou no¢ného
vetrania. To si vyzaduje vysoku intenzitu vymeny vzduchu, ktoru
mozno zvycajne dosiahnut len krizovym vetranim a v pripade jed-
nostrannej orientdcie okien len velkym otvaratelnym prierezom

a ¢o najvacsou vyskou okna.

Skldpanie okien nie je dostato¢né; namiesto toho je potreb-
né mat dve vysoké oknd alebo dvere Uplne otvorené na jednu
obytnu miestnost s rozlohou priblizne 25 m?.

Pri bezveternych nociach, ked sa neda zabezpecit vysoka
intenzita vymeny vzduchu ani pri krizovom vetrani, je vyhodny
kominovy efekt prostrednictvom vyssej vysky miestnosti alebo od-
vod vzduchu cez schodiskd alebo viacpodlazné vetracie priestory.

Pri no¢nom vetrani je délezité zabezpecit prevadzku, ked
sa jednd o low-tech, tak ide o manudlnu obsluhu. Kedze v lete
nie su zriedkavé noci s bdrkami z tepla, musi byt zabezpecena aj
ochrana proti dazd'u a burkam. Okrem toho treba zvazit ochranu
proti vidmaniu. Treba ndjst aj ,organizacné“ rieSenie problému
prievanu a prefukovania papiera alebo inych lahkych materidlov.
V neposlednom rade treba zohladnit zvySend ndmahu pri Cisteni,
ktord vyplyva z vysokej vymeny vzduchu s nefiltrovanym (prachom
zanesenym) vonkajsim vzduchom.
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However, on all days when the night temperature falls correspond-
ingly low, the building can be cooled down effectively with the
help of night ventilation. This requires a high air exchange rate,
which can usually only be achieved by cross-ventilation, and in the
case of one-sided window orientation only by a large openable
cross-section and the highest possible window height.

Tilting the windows is not sufficient; instead, it is necessary
to keep two high windows or French doors completely open per
recreation room of approx. 25 m?.

For windless nights, when a high air exchange rate cannot be
ensured even with cross-ventilation, the chimney effect through
higher room height or exhaust air via staircases or multi-story air
spaces is advantageous.

When it comes to night ventilation, it is important to ensure
operation, because low-tech also means manual. Since nights with
heat storms are not uncommon in summer, there must also be
rain and storm protection. In addition, burglary protection must be
considered. An “organizational” solution must also be found for the
issue of drafts and blowing paper or other light materials. Last but
not least, the increased cleaning effort resulting from the high air
exchange with unfiltered (dust-carrying) outside air must be taken
into account.
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Obrazok 38 a Obrazok 39 Ochrana proti dazdu a vldmaniu, predndskova a administrativna budova, HS Landshut, POS architekten

Figure 38 and Figure 39 Rain and burglary protection, Horsaal und Verwaltungsgebaude, HS Landshut, POS architekten

V zdsade sa musi vzdy zohladnit vnitorné tepelné zatazenie na
m? uzavretého priestoru. S ohfadom na letné prehrievanie je vo
véeobecnosti vyhodné umiestnit ¢o najmenej fudi do ¢o najvac-
Sich miestnosti. To je samozrejme vzdy v rozpore s kompaktnymi
objemami budov/miestnosti a dostato¢nym a hospoddrnym vyuzi-
tim priestoru.

In principle, the internal heat loads per m® of enclosed space must
always be taken into account. With regard to summer overheating,
it is generally advantageous to accommodate as few people as
possible in as large rooms as possible. Of course, this is always in
conflict with compact building/room volumes and a sufficient and
economical use of space.
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4.6 Priklady
Examples

Na ilustrdciu uvddzame niekolko prikladov z réznych klimatickych
oblasti.

4.6.1 Zasobovanie budov energiou, fotovoltaika
Energy supply on buildings, PV

V budUtcnosti budu vietky budovy zabezpecdovat energiu na svo-
jom povrchu, najma elektrickd energiu. Integrécia fotovoltickych
prvkov do fasddy, ale aj na strechu, je ulohou projektanta a ne-
smie sa ponechat len na elektrotechniku. Strecha ako piata fasdda
domu musi byt plnohodnotnym prvkom ndvrhu.

Fotovoltika v niektorych pripadoch nemusf realizovat hned,
alebo este nie v plnom rozsahu, v kazdom pripade sa musia vy-
tvorit plochy, aby sa mohla aplikovat neskoér.

Za 50 rokov bude vyroba energie na obdlke budovy taka sa-
mozrejma, Ze si to uz nikto nebude uvedomovat. Uz dnes niektoré
vybrané projekty ttito poziadavku spifiaju.
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Some examples from different climates will be brought to illustrate.

In the future, all buildings will provide energy on their surface,
especially electricity. Integrating PV elements into the facade, but
also on the roof, is a design task and must not be left to electrical
engineering alone. The roof as the 5th facade of the house must
be a full-fledged element of the design.

Even if photovoltaics may not be realized today in some cas-
es, or not yet to the full extent, in any case the unbuilt areas must
be created to retrofit this later.

In 50 years, energy production on the hull will be so self-ev-
ident that it will no longer be recognized at all. Even today, some
selected projects already meet this requirement.

Obrazok 40 Energy Academy Europe / Broekbakema + De Unie
Architecten

Obrazok 41 Haus am Berg, Sulzberg, Juri Troy

Obrazok 42 Udrzujte volné plochy pre fotovoltiku, Co-living Seeparq, POS architekten

Figure 42 Keep areas free for photovoltaics, Co-living Seeparq, POS architekten



52

LN R ]
= HIEI

=11 [ [

Obrazok 43 Fotovoltickd fasdda, Obnova, Salathe architekten, Bazilej
Figure 43 Photovotaic facade: Redevelopment, Salathe architekten, Basel

4.6.2 Zodpovednost klienta
Responsibility of the client

Pri low-tech budovéch sa ¢asto nedodrziavaju platné normy alebo
sa dodrziavaju netplne. Potrebné rozhodnutia v tomto smere
musi urobit klient, ktory si méze napriklad objednat dynamickd
simuldciu budovy, aby preukéazal rovnocennost vysledku. Roz-
hodnutia, napr. v suvislosti s ochranou budovy proti vidmaniu,
ale predovsetkym zasadné zdkladné rozhodnutia, ako napr.

v suvislosti s Uroviou a frekvenciou prekracovania pozadovanej
teploty v miestnostiach, alebo tiez urcité prispésobenie v lethom
a zimnom obleceni, ktoré musia znasat neskorsi uZivatelia, musia
vopred urobit zadavatelia. Projektanti méZu navrhndt vhodné
rieSenia len vtedy, ak je na ne vycleneny rozpocet.

4.6.3 Uzivatelia
User contribution

Klimaticky citlivd budova, ktord je zéroven nizkoenergeticka, si vy-
Zaduje rozumné pouzivanie a aktivnu tGc¢ast obyvatelov. V konec-
nom ddésledku je na ich zodpovednosti, ¢i sa v zime prevddzkuje
ochrana proti oslneniu a v lete vonkajSia ochrana proti sinku, ¢i sa
vSeobecne akceptuje ochrana proti sinku v lete, ¢i sa akceptuju
koncepty no¢ného vetrania a podporuje sa vysokd no¢na vymena
vzduchu, ¢i sa akceptuje teplota v miestnosti 22 °C v zime a 26 °C
v lete. Ci obyvatelia nechdvaji pocas horticich dni zatvorené
okng, ¢i st ochotni obliekat sa podla ro¢ného obdobia, to vsetko
je naich zodpovednosti.

Hoci volanie po nizkoenergetickych budovach je ¢oraz hlas-
nejsie, na oplatku sa vyrazne znizila nielen vola, ale predovietkym
schopnost potencidlnych uzivatelov prevadzkovat budovy citlivo
a s osobnou zodpovednostou. Coraz ¢astejsie sa — najma z do-
vodu nepochopenia — objavuju tuzby po budovdach, v ktorych sa
dé vSade a kedykolvek konat kontraproduktivne a ktoré napriek
tomu pontkaju vysoku uroven komfortu.

Touto publikdciou by sme chceli aspon trochu prispiet
k tomu, aby osveta a vzdelavanie viedli k udrzatelnému konaniu.
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Obrdazok 44 Novostavba, Architekturbiiro huggenbergerfries, Zirich

Figure 44 New construction, Architekturbliro huggenbergerfries, Zurich

With low-tech buildings, applicable standards are often not or not
fully complied with. The necessary decisions in this regard must be
made by the client, who can, for example, commission a dynamic
building simulation to prove the equivalence of the result. The
decisions, e.g. with regard to the burglary protection of a building,
but above all essential basic decisions, such as with regard to the
level and frequency of exceeding the required room temperature,
or also a certain adaptation in summer and winter clothing, which
the later users have to bear, must be made in advance by the com-
missioning parties. The planners can only propose the appropriate
solutions if a budget has been set aside for them.

A climate-sensitive building that is also low-tech requires sensible
use and the active participation of the occupants. In the end, it is
their responsibility whether glare protection is operated in winter
and external sun protection in summer, whether sun protection in
summer is generally accepted, whether night ventilation concepts
are accepted and high night air changes are supported. (e.g. by
weighing down loose paper), whether room temperatures of 22 °C
in winter and 26 °C in summer are accepted. Whether occupants
keep windows closed on hot days, whether they are willing to
dress according to the season, all this is their responsibility.
Although the call for low-tech buildings is becoming louder
and louder, in return not only the will, but above all the ability of
potential users to operate buildings sensitively and with personal
responsibility has decreased significantly. More and more often —
mainly due to a lack of understanding — there are desires for build-
ings in which one can act counterproductively everywhere and at
any time and which nevertheless offer a high level of comfort.
With this scriptum we would like to contribute a little bit to the
fact that enlightenment and education lead to sustainable actions.
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5.

Komponenty PED: Energeticka efektivnost
PED Components: Energy efficiency

Vladimir Simkovic

53




54

ENERGETICKY PLUSOVE MESTSKE STVRTE

5.1 Budovy v pasivhom Standarde ako zaklad tvorby energeticky plusovych stvrti
Passive House Buildings as a basis for creating positive energy districts

5.1.1 Co je to pasivny $tandard
What is Passive House Standard

Pre tvorbu energeticky plusovych $tvrti je vhodné vychddzat

z ndvrhu budov v pasivnom Standarde. Znizenim energetickej na-

ro¢nosti budoy, ¢i uz novostavieb alebo obnovovanych a precho-

dom na bezemisné technoldgie v budovdch mézeme vyznamnym

sposobom prispiet k znizeniu emisii vypustanych do ovzdusia.
Budovy s takmer nulovou potrebou energie vychddzaju

z principov pasivnych budov a vyznacuju sa velmi nizkou spotre-

bou energie na zabezpecenie tepelnej pohody i na celd prevddz-

ku.

5.1.2 Definicia pasivneho standardu
Definition of passive house standard

Pasivne stavby definujeme nasledujticimi hodnotami®”:

- merna potreba tepla na vykurovanie najviac 15 kWh/m?a (a/
alebo tepelnd strata menej ako 10 W/m?), na preukdzanie do-
siahnutej hodnoty sa pouziva vypoctovy softvér PHPP (Passi-
ve House Planning Package) ¢i dalSie simula¢né programy

- BlowerDoor test (BDT) — test vzduchovej priepustnosti obalo-
vého plasta budovy s hodnotou hodinovej vymeny vzduchu
netesnostami ng, Najviac 0,6-ndsobok objemu meraného
priestoru

. potreba primdrnej energie (vrdtane elektrospotrebicov) naj-
viac 120 kWh/m?2a

Charakteristiky pasivneho domu popisuju kvalitu obvodového
plasta a konstrukéného rie$enia — nejde o jednoznacne defino-
vané hodnoty a podmienky, ked'ze slvisia aj s velkostou objektu
a jeho architektonickym rieSenim, ale Casto ich tiez uvddzame:
Sucinitel prechodu tepla ,U“ nepriehladnych obvodovych
konstrukcii by mal byt pod 0,15 W/(m2K), pre stresny pldst menej
ako 0,1 W/(mZ3K), sucinitel ,U“ okien by malo byt pod 0,85 W/(m?K)
a ak chceme pocitat s pasivnym vyuzitim soldrnych ziskov, mali
by oknd prepustat minimdlne polovicu sine¢nej energie (g > 0,5).
Konstrukcia stavby je riesend bez tepelnych mostov a s riadenym
vetranim so spatnym ziskavanim tepla (rekuperdcia) z vetraného
vzduchu (minimdlna Gcinnost rekuperaénej jednotky 80%). K zni-
Zeniu potreby primdrnej energie mézu vyrazne prispiet sine¢né
kolektory alebo pouzitie tepelného cerpadia.
Vynimoc¢nost pasivneho domu spociva v efektivnom vyuziva-
ni lokdlnych zdrojov tepla, najma:
. v pasivnom vyuzivani slne¢nej energie
- vo vyuzivani vnutornych zdrojov tepla (obyvatelia, spotrebi-
ce)
. v spatnom vyuzivani tepla z odvddzaného vzduchu z interié-
ru — rekuperécia

Takéto energetické zisky mozno dosiahnut predovsetkym vdaka:

- tepelnej izoldcii obalovych teplo vymennych konstrukcii
(U< 0,15 W/mZK resp. 0,1 W/m2K)

+ oknam s vyborne izolovanymi ramami (U,, < 0,85 W/(mK)

- elimindcii tepelnych mostov v konstrukcidch

. vzduchotesnosti obalovych, teplo vymennych konstrukcii
budovy — vzduchova priepustnost menej ako 0,6-nasobok
objemu meraného priestoru za 1 hodinu pri rozdiele tlakov
vonkajsieho a vnutorného vzduchu 50 Pa (t.j. n,, < 0,6 /h)

. riadenému vetraniu s rekuperdaciou tepla (s minimdlne 80%
ucinnostou)
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The design of buildings in a passive standard is recommended for
the creation of positive energy districts. By reducing the energy
consumption of buildings, whether newly constructed or renovat-
ed, and by switching the zero-emission technologies in buildings,
it is possible to make a significant contribution to reducing the
emissions released into the air.

Nearly-zero energy buildings are based on the principles of
passive buildings and characterised by very low energy consump-
tion for thermal comfort and operation.

Passive buildings are defined by the following values®”:

« Specific heating demand of no more than 15 kWh/m?a (and/
or heat loss less than 10 W/m?), the calculation software PHPP
(Passive House Planning Package) or other simulation pro-
grams are used to demonstrate the achieved value.

» BlowerDoor test — building envelope air permeability test
(BDT) with an hourly leakage air change value of n,; no more
than 0.6 times the volume of the measured space

- Primary energy demand (including electrical appliances) not
exceeding 120 kWh/m?a

Passive house characteristics describe the quality of the build-
ing envelope and structural design — these are not clearly defined
values and conditions, as they are also related to the size of the
building and its architectural design, but we often include them as
well:

The heat transfer coefficient “U” of the opaque envelope
should be below 0.15 W/(m?K), for the roof cladding less than
0.1 W/(m?K), the “U” coefficient of the windows should be below
0.85 W/(m?K), and if we want to count on passive use of solar gains,
the windows should transmit at least half of the solar energy
(g > 0.5). The construction of the building is designed without
thermal bridges and with controlled ventilation with heat recovery
from the ventilated air (minimum efficiency of the heat recovery unit
80%). Solar collectors or the use of a heat pump can make a signifi-
cant contribution to reducing the need for primary energy.

The uniqueness of a passive house lies in the efficient use of
local heat sources, in particular:

« passive use of solar energy
- the use of internal heat sources (occupants, appliances)
- heat recovery from the exhaust air from indoors

Such energy gains can be achieved mainly through:

- thermal insulation of the envelope heat exchange structures
(U <015 W/m2K and 0.1 W/m?K respectively)

+ windows with well-insulated frames (U,, < 0,85 W/(m’K)

- elimination of thermal bridges in structures

- airtightness of the building envelope, heat exchange struc-
tures — air permeability less than 0,6 times the volume of the
measured space in 1hour at a pressure difference between
outdoor and indoor air of 50 Pa (i.e. n, < 0,6 /h)

- controlled ventilation with heat recovery (with a minimum
efficiency of 80 %)
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5.2 Projekt virtualnej dvojicky Vily Tugendhat v pasivnom standarde
Project of hypothetical construction of Villa Tugendhat in Passive House Standard

Pre demonstrdciu vyznamu pasivneho Standardu sme vybrali
zndmu architektonickud ikonu Vilu Tugendhat v Brne od architekta
Mies van der Rohe. Posldenie energetickej naro¢nosti vily v ak-
tudlnom stave bolo vykonané programom pre ndvrh pasivnych
budov PHPP (Passive House Planning Package). Mernd potreba
tepla na vykurovanie vychddzala na 295 kWh/m2.rok.

ty 1928 / U — values in 1928

perimeter wall
oor on the ground
on roof
lazed surfaces
ess

To demonstrate the importance of the Passive House Standard, we
have chosen the well-known architectural icon Villa Tugendhat in
Brno by architect Mies van der Rohe. An assessment of the energy
performance of the villa in its current state was carried out with

the Passive House Planning Package (PHPP). The specific annual
heating demand was based on 295 kWh/m?2

1,47 W/(m2k)
2,35 W/(m?k)
1,25 W/(m2k)
5,83 W/(m?2k)
3,0/hod (hour)

ykurovanie / specific heating demand 295 kWh/m
e -

Obrazok 45 Vila Tugendhat, aktudlne hodnoty energetickej obdlky. Zdroj: Vila Tugendhat, Bildarchiv Foto Marburg

Figure 45 Villa Tugendhat, current envelope values.

Vysledok energetickej optimalizdcie v pripade novej vystavby Vily
Tugendhat v roku 2023.

Sucastou konceptu vykurovania okrem novych skladieb
energetickej obdlky je riadené vetranie s rekuperdciou odpado-
vého tepla na Urovni 75 %, vysoka vzduchotesnost stavby ako pre
pasivne domy n_ = 0,6/hod., elimindcia tepelnych mostov a pod.

Result of the energy optimization for the new construction of Villa
Tugendhat in 2023.

In addition to the new energy envelope compositions, the
heating concept includes controlled ventilation with 75 % waste
heat recovery, high air tightness of the building as for passive
houses n, = 0.6/hr, elimination of thermal bridges, etc.
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Obrazok 46 PHPP vypocet pre Vilu Tugendhat (iIEPD)
Figure 46 PHPP calculation for Villa Tugendhat (iEPD)

Dal$ou stavbou je Glass House, postaveny v rokoch 1948 — 49 Another building is the Glass House, built in 1948—-49 in Connect-
v §tdte Connecticut, USA, architektom Philipom Johnsonom, ktory | icut, USA, by architect Philip Johnson, which was inspired by the
bol in$pirovany stavbou Farnsworth House, architekta Mies Van Farnsworth House, by architect Mies Van der Rohe, in lllinois, USA.

der Rohe, v state lllinois, USA.

POSITIVE ENERGY DISTRICTS

Vyznamny vplyv kvality zasklenia je demonstrovany na obr. 48.
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The significant impact of glazing quality is demonstrated in Fig. 48.

Povodné rieSenie / Original design
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Obrazok 48 Vplyv okien na tepelné straty a zisky — Glass House (Vladimir Simkovic)

Figure 48 Impact of windows on heat loss and gain — Glass House (Vladimir Simkovic)

Hypotetickd vymena pévodného jednoduchého zasklenia za
trojité viedla v tomto pripade k vyznamnej zmene pbésobenia
okien na celkovu energeticku bilanciu stavby. Kym v povodnej
verzii tepelné straty cez zasklenie viac ako Stvorndsobne prekra-
¢ovali soldrne zisky, v navrhovanej verzii sa oknd stdvaju v danych
klimatickych podmienkach pomocnym vykurovacim systémom,
ked soldrne zisky stavby dvojndsobne prevysuju tepelné straty
oknami.

Celkové znizenie mernej potreby tepla na vykurovanie z p6-
vodnych asi 600 kWh/m?2a na zhruba 21 kWh/m?a je v dosledku
nielen vymeny zasklenia, ale i dalsich opatreni ako napr. vyuZitie
riadeného vetrania s rekuperdciou odpadového tepla, vysokej
vzduchotesnosti energetického pladsta budovy na drovni
ng,= 0,6/hod, elimindcii tepelnych mostov a pod.

In this case, the hypothetical replacement of the original single
glazing with triple glazing resulted in a significant change in the ef-
fect of the windows on the overall energy balance of the building.
While in the original version the heat losses through the glazing
more than quadrupled the solar gains, in the proposed version the
windows become an auxiliary heating system in the given climatic
conditions, when the solar gains of the building exceed the heat
losses through the windows by a factor of two.

The overall reduction of the specific heat demand for heating
from the original about 600 kWh/m?a to about 21 kWh/m?a is due
not only to the replacement of glazing but also to other measures
such as the use of controlled ventilation with waste heat recovery,
high airtightness of the building envelope as for passive houses at
the level of n_=0.6/hr, elimination of thermal bridges, etc.

Kazdua budovu je mozné priblizit k pasivnemu standardu!
P6évodna merna potreba tepla na vykurovanie 600 kWh/m?a

Nova merna potreba tepla na vykurovanie 21 kWh/m?a

Every building can be brought closer to the passive house standard!
Original specific heat demand for heating 600 kWh/m?a
New specific heat demand for heating 21 kWh/m?a

Obrazok 47 Glass House, Connecticut, USA, architekt Philip Johnson, Foto: Norman McGrath,
Figure 47 Glass House, Connecticut, USA, architect Philip Johnson
Zdroj / Quelle: P. Gossel, G. Leuthauser, 2001. Architektura 20.stoleti, Taschen ISBN 3-8228-2568-9

Obrazok 49 Hypotetické znizenie mernej potreby tepla na vykurovanie a priblizenie k pasivnemu $tandardu — Glass House (Vladimir Simkovic)
Figure 49 Hypothetical reduction of specific heat demand and approaching the passive standard — Glass House (Vladimir Simkovic)
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5.3 Nova Cvernovka
Nova Cvernovka

5.3.1 Popis projektu
Project description

Nova Cvernovka je vyznamné kulttrne a kreativne centrum na-
chédzajuce sa na severe Bratislavy v mestskej Casti Nové Mesto.
Naddcia Cvernovka si prenajala aredl budov byvalej strednej Skoly
chemickej z 50-tych a 60-tych rokov 20. storocia od Bratislavské-
ho samosprdvneho kraja v roku 2016 na pociato¢nu dobu uzivania
25 rokov. Budova byvalej skoly je vyuzivana ako kulturne a krea-
tivne centrum. Po Uspesnej revitalizacii budovy Skoly, ktord si vSak
vyzaduje rekonStrukciu, prichddza na rad prestavba byvalého
interndtu s celkovou podlahovou plochou cca 6 500 m2.

ENERGETICKY PLUSOVE MESTSKE STVRTE

Nova Cvernovka is an important cultural and creative centre lo-
cated in the north of Bratislava in the Nové Mesto district. The site
of the former chemical high school buildings from the 1950s and
1960s was leased by the Cvernovka Foundation from the Brati-
slava Self-Governing Region in 2016 for an initial period of use of
25 years. The former school building has been used as a cultural
and creative centre. After the successful revitalization of the school
building, which still requires reconstruction, comes the recon-
struction of the former dormitory with a total floor area of approx.

6 500 m2

Obrazok 50 Vizualizacia prestavby internatu Nové Cvernovka — ateliér Plural

Figure 50 Visualisation of Nova Cvernovka dormitory conversion — Plural studio

5.3.2 Ciel vyskumného projektu
The aim of the research project

Predmetom a cielom vyskumného projektu bolo vypracovanie
udrzatelného socidlno-ekologického a energeticko-technicky
architektonického konceptu prestavby byvalého obytného domu
Novéa Cvernovka na sociokultirne centrum s nizko ndkladovymi

a komundlnymi formami byvania. Uplatrioval sa tu socidlno-ekolo-
gicky vyskumny pristup vyuzivajlci metddy integrdineho a partici-
pativneho pldnovania pre holisticky rozvoj projektov.

Planovana prestavba budovy ma byt inovativna, udrzatelna
a odolna:

Z energetického hladiska sa ma realizovat energeticky
plusové budova, ktord vychddza z pasivneho Standardu a s vyu-
zivanim obnovitelnych zdrojov energie vyrobi viac energie, ako
v ro¢nom priemere spotrebuje.

The subject and goal of the research project was to develop a sus-
tainable concept for the conversion of the former Novd Cvernovka
residential building from an architectural, socio-ecological and
energetic and technical point of view. Former dormitory should be
transformed into a socio-cultural centre with low-cost and commu-
nal forms of housing. A socio-ecological research approach was
applied, using integral and participatory planning methods for holis-
tic project development.

The planned redevelopment of the building is intended to be
innovative, sustainable and resilient:

From an energy point of view, a plus-energy building is to be
implemented, based on a passive standard and producing more
energy than it consumes on an annual average with the use of
renewable energy sources.

POSITIVE ENERGY DISTRICTS

5.3.3 Mapovanie stuc¢asného stavu
Mapping the current situation

Energeticky obal budovy

Najprv sa vykonalo podrobné zmapovanie stavby. Za tymto
ucelom boli do vypoctového softvéru PHPP zadané geometrické
a stavebno-fyzikdlne charakteristiky budovy (zadanie rozmerov,
U-hodnoty atd.). Udaje boli ziskané z aktudlneho prieskumu, ale
aj z povodnych pldnov z roku 1955, kedy bola budova postave-
néa. Dal3ie Udaje poskytli sondy navitané do konétrukcie strechy
a podlahy, ¢ast vonkajsich stien bola odkrytd, takze bolo pomerne
jednoduché urcit skladbu konstrukcii. V PHPP su jednotlivé vrstvy
popisané v samostatnom liste s tepelnoizola¢nymi vliastnostami,
po ktorych nasleduje vypocet sucinitela prestupu tepla, U-hodno-
ty kazdého segmentu a konkrétnej Casti energetického obalu.

Vzduchotesnost stavebnej konstrukcie

Velmi délezitou hodnotou pri vypocte tepelnych strét je
miera infiltrdcie vzduchu cez konstrukciu. Ide o uré¢enie mnozstva
vzduchu, ktoré pretekd netesnostou v budove vplyvom vetra.
V tejto faze islo o kvalifikovany odhad na zéklade skusenosti
s meranim r6znych vlastnosti. Predpokladali sme n, = 3/h, ¢o ge-
neruje na budovu tlak 50 Pa a opét zodpoveda rychlosti vetra cca
35 km/h. Cim v&csi je prietok vzduchu, tym vécsia je vymena; &im
silnejsi vietor, tym vacsia vymena vzduchu. Tuto hodnotu zistuje
takzvany BlowerDoor test. Ide o simuldciu vplyvu vetra na fasddu
pri takejto rychlosti vzduchu, pricom sa meria pretlak a podtlak.

Zasobovanie teplom

Aktudlne zdsobovanie teplom budovy na vykurovanie
a ohrev vody zabezpecuje plynovy kotol na zemny plyn, ktory
pripravuje tepld vodu pre radidtory. Teplota média je 60 az 70 °C
a prevadzkuje ho externy poskytovatel sluzieb.

Vetranie
Vetranie budovy je manudlne cez okna.

Tepelné mosty

Tepelné mosty su primerané dobe vystavby budovy a sa-
motnej konstrukcie. Postupne sa navrhuju opatrenia na zlepsenie
celkovej energetickej situdcie a dosiahnutie Zelaného stavu.

Vysledky vypoctu

Podla vypoctu s PHPP ma existujica budova mernu potrebu
tepla na vykurovanie 113 kWh/(m?a) a potrebu primarnej energie
160 kWh/m?a s priemernou hodnotou U 1,55 W/(m?K). Zlep$enim
U-hodnoty pldsta budovy (oknd s trojsklom, izoldcia energetic-
kého plasta) a instaldciou systému riadeného vetrania budovy
je mozné instalovat nizkoteplotné vykurovanie (sdlavé stropné
ohrievace na vykurovanie a letné chladenie v reverznom rezime)
v kombindcii so znizenim potreby vykurovacej energie na cca
23 kWh/(m?a).
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Building energy envelope

First, a detailed building envelope mapping was carried out.
For this purpose, the geometrical and structural-physical charac-
teristics of the building (input of dimensions, U-values, etc.) were
inserted into the PHPP software. The data were obtained from the
current survey, but also from the original plans from 1955, when the
building was built. Further data were provided by probes drilled
into the roof and floor structure. Parts of the external walls were
uncovered, so it was relatively easy to determine the composition
of the structures. In the PHPP, the individual layers are described
in a separate sheet with thermal insulation properties, followed by
the calculation of the heat transfer coefficient, the U-value of each
segment and the specific part of the energy envelope.

Airtightness of the building structure

A very important value in the calculation of heat loss is the
rate of air infiltration through the structure. This is a determination
of the amount of air that flows through leaks in the building due to
wind. At this stage it was an estimation based on experience with
measuring different properties. We assumed n,, = 3/h, which gen-
erates a pressure of 50 Pa on the building and again corresponds
to a wind speed of about 35 km/h. The stronger the air flow, the
more the air exchange; the stronger the wind, the greater the air
exchange. This value is determined by the so-called BlowerDoor
test. This is a simulation of the effect of wind on the fagade at this
air speed, whereby the overpressure and underpressure are meas-
ured.

Heat supply

The current heat supply to the building for heating and hot
water is provided by a natural gas boiler that prepares hot water
for the radiators. The temperature of the medium is 60-70 °C and is
operated by an external service provider.

Ventilation
Ventilation of the building is manual through the windows.

Thermal bridges

Thermal bridges are appropriate to the construction period of
the building and the construction itself. Progressive measures are
proposed to improve the overall energy situation and achieve the
desired state.

Heat calculation results

According to the calculation with PHPP, the existing build-
ing has a heating demand of 113 kWh/(m?2a) and a primary energy
demand of 160 kWh/m?2a with an average U-value of 1.55 W/(m?K).
By improving the U-value of the building envelope (triple-glazed
windows, insulation of the energy envelope) and installing a con-
trolled ventilation system in the building, it is possible to install
low-temperature heating (radiant ceiling heaters for heating and
summer cooling in reverse mode) in combination with a reduction
of the heating energy demand to approx. 23 kWh/(m?a).
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5.3.4 Realizacia projektu a vysledky
Project implementation and results

Stavebné a energetické parametre

Plochy a charakteristické hodnoty:

« Plocha fasady 3 283,2 m?

+ Plocha okien 1329 m?

« Plocha strechy 1785,5 m?

. Upravend podlahova plocha 8 194,8 m?

« Mernd ro¢nd potreba vykurovania: 23 kWh/m2a

« Mernd ro¢nd potreba primarnej energie 84 kWh/m?2a

. Sucastou konceptu energeticky plusovej rekonstrukcie je
i streSna nadstavba v pasivhom Standarde.

ENERGETICKY PLUSOVE MESTSKE STVRTE

Construction and energy parameters

Areas and characteristic values:

- Facade area 3 283,2 m?

« Window area 1329 m?

« Roof area 1785,5 m?

- Adjusted floor area 8 194,8 m?

« Specific annual heating demand: 23 kWh/m?a

« Specific annual primary energy demand 84 kWh/m?a

- The energy-plus renovation concept also includes a roof
extension in passive standard. Fig. 51

Obrazok 51 Stre$nd nadstavba v pasivnom Standarde (Salvis)

Figure 51 Roof superstructure in passive standard (Salvis)

Koncepcia energetickej modernizacie budovy

Energeticku bilanciu zlepsuje dodavané technické vybave-
nie. RieSenie bude zabezpecené po spracovani nadstavby, dokon-
¢eni novej pristavby na existujlicej streche, ktord je planovand
v §tandarde pasivneho domu. Z hladiska tepelnoizola¢nych vlast-
nosti sa mé vyrazne zlepsit obvodovy plast celého objektu. Dalsim
krokom je navrh systému riadeného vetrania, ktory by mal zlepsit
stupen vzduchotesnosti a dalSie parametre. Potom sa urci potre-
ba vykurovania, ¢o je jeden z najddlezitejSich parametrov, ktory
treba sledovat. Nasledne sa pldnuju dalsie technické instalacie,
aby bolo mozné dosiahnut Standard energeticky plusového domu.

Opatrenia na dosiahnutie standardu pasivheho domu

Zdasadné opatrenia sa tykali rieSeni na dosiahnutie Stan-
dardu pasivneho domu. Ide o opatrenia na hibkovti obnovu
budovy. Jednym je zlepSenie parametrov tepelno izola¢ného
pladsta budovy; boli navrhnuté dodato¢né izolacné materidly pre
rézne segmenty budovy. Na zéklade konzultécii so spolo¢nostou
Saint-Gobain Construction Products bol vybrany izola¢ny materidl
Clima 34 s hribkou 200 mm pre vonkajsie steny a do 300 mm pre
stresny plast a nadstavbu.

Projekt pocita so zlepSenim parametrov okien, plastové okna
s Uf = 0,8 W/m?, trojité izolacné zasklenie a vonkajsie tienenie
su pldnované proti prehrievaniu v lete. Zabezpecenie tienenia je
dolezité aj preto, ze sa pocita s vybudovanim nosnej konstrukcie,
ktora bude stcasne plnit viacero funkcii a bude nosnou konstruk-
ciou. Vonkajsie tienenie je vhodné realizovat ako riadené tienenie
vonkajsimi alebo vnutornymi zalldziami, ale aj vysadbou priamo na
budove, napr. popinavymi rastlinami. Je velmi dolezité vyhnut sa
tepelnym mostom, ktoré by takéto konstrukcie mohli potencidlne
spoOsobit. Vysadba je preto navrhnutd ako samonosna konstrukcia,
ktord je len bodovo napojend na stavbu, aby sa eliminoval vplyv
tepelnych mostov.

Concept of energy modernisation of the building

The supplied technical equipment improves the energy bal-
ance. The solution will be provided after the processing of the su-
perstructure, the completion of the new extension on the existing
roof, which is planned in the standard of a passive house. In terms
of thermal insulation properties, the envelope of the whole building
is to be significantly improved. The next step is the design of
a controlled ventilation system, which should improve the degree
of airtightness and other parameters. Then the heating demand is
determined, which is one of the most important parameters to be
monitored. Subsequently, further technical installations are planned
in order to achieve the Plus-energy standard.

Measures to achieve the Passive House standard

Fundamental measures were related to solutions to achieve
the Passive House standard. These are measures for deep ren-
ovation of the building. One is to improve the thermal insulation
parameters of the building envelope; additional insulation materials
were proposed for different segments of the building. In consulta-
tion with Saint-Gobain Construction Products, Clima 34 insulation
material was selected with a thickness of 200 mm for the external
walls and up to 300 mm for the roof skin and superstructure.

The project foresees an improvement of the window pa-
rameters, plastic windows with Uf = 0,8 W/m?, triple glazing and
external shading are planned to prevent overheating in summer.
The provision of shading is also important because it is planned to
build a load-bearing structure that will simultaneously fulfil several
functions and be a load-bearing structure. External shading should
be implemented as controlled shading by external blinds or shut-
ters, but also by planting directly on the building, e.g. with climbing
plants. It is very important to avoid thermal bridges that such struc-
tures could potentially cause. The planting is therefore designed as
a self-supporting structure that is only selectively connected to the
building to eliminate the impact of thermal bridges.

POSITIVE ENERGY DISTRICTS

Prehl'ad opatreni na dosiahnutie standardu pasivheho domu:

. zlep$enie tepelnej izolacie povrchov obvodového plasta
budovy (napr. optimalizdcia Stitovej steny s U-hodnotou
1,9 W/m2K v sti¢asnom stave na 0,19 W/m?K prostrednictvom
tepelnej izoldcie hribky 150 mm s tepelnou vodivostou A =
0,032 W/mK).

- Odportcanie iEPD: ISOVER Clima 034 s 0,034 W/(m?2K)

a hridbkou minimdlne 200 mm; pre strechu/sklony minimdine
300 mm.

- aktudlne pldnované: vonkajsie, flexibilné slne¢né tienenie:
podla aktudinych vypoctov (iEPD) potreba tepla na vykuro-
vanie 111,25 kWh/m?2a a potreba chladenia 213,98 kWh/m?a
(poziadavka na elektrinu, kurenie, chladenie a WRG)

- potreba primdrnej energie podla vypoctov iEPD: 84 kWh/m2a

Velmi délezitou sucastou je zabezpecenie vysokej Urovne vzdu-
chotesnosti celej energetickej obdlky, ¢o bude rieSené v realizac-
nom projekte, najma pri vymenenych okndch a vsetkych precho-
doch cez tepelnoizola¢ny obal budovy. Miera vymeny a infiltracie
vzduchu sa kontroluje meranim vzduchotesnosti — takzvanym
BlowerDoor testom. Koncept pocita aj s riadenym vetranim s re-
kuperdciou tepla. Vzduchotechnika je navrhnutd podla vyuzitia
priestorov, prispésobend kanceldridm, ateliérom, kaviarnam a ma-
terskej skole pldnovanym v budove.

Vzhladom na energetickud koncepciu a suvisiaci vypocet
je potrebné zvazit aj spotrebu energie na osobu a nie vylu¢ne
na meter $tvorcovy a zahrnut ju do vypoctu. Doteraz sa polovi-
ca spotreby pocitala na domacnosti. Aby bolo mozné posudit
spotrebu energie na osobu, musela by sa zaznamenat aj hustota
obsadenosti na meter Stvorcovy a porovnat so skuto¢nym stavom.

Technické riesenie privodu vykurovania a chladenia

Pri ndvrhu vykurovacieho systému a vypocte tepelnych strat
bol vypocet tepelnych strat objektu realizovany podla STN EN
12831a STN EN 73 0540-2/Z1 pre oblast Bratislavy s tymito klima-
tickymi charakteristikami:

Vstupné parametre klimatickych vlastnosti a vypocet tepelnych
strat:
Vstupné parametre a charakteristické hodnoty:

« Vyska 140 m nad morom

- Vypocitand teplota vzduchu — zima (Te) — 11°C

- Priemernd teplota pocas vykurovacieho obdobia +4,4°C

« Pocet vykurovacich dni 212 d/rok, plny ¢as vykurovania 16 h/d

- Vypocitand novd tepelnd strata objektu je 124,6 kW.

Nové zdsobovanie teplom zabezpecuje nizkoteplotné vykuro-
vanie tepelnymi ¢erpadlami ako zdrojom energie. Tu su tepelné
¢erpadld rieSené ako systém zem/voda, t.j. vyuzivaju energiu

z vertikdlnych zemnych vrtov vybudovanych na mieste, ktoré
zabezpecia potrebnu energiu na pripravu teplej vody.

Uz niekolko rokov sa tiez realizuju budovy so zvySenou
produkciou energie z obnovitelnych energetickych systémov
(napr. fotovoltika) tak, aby v ro¢nom priemere vyprodukovali viac
energie, ako potrebuju na svoju prevddzku.

Zéakladom budovy PlusEnergy je ndvrh obvodového plasta
a technoldégii podla standardu pasivneho domu s charakteristic-
kymi hodnotami pre potrebu tepla na vykurovania a chladenie
<15 kWh a potrebu primarnej energie <120 kWh. Existuju aj
projekty, ktoré uz boli realizované v oblasti obnovy starsich budov.
Vzhladom na $pecifické konstrukéné a priestorové poziadavky
v existujucich budovdach byva realizécia zlozitejsia. Preto stéle
existuje potreba vyskumu a vyvoja v tejto oblasti.
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Overview of measures to achieve the Passive House Standard:

- Improvement of the thermal insulation of the building enve-
lope surfaces (e.g. optimisation of the gable wall with a U-val-
ue of 1.9 W/m2K in the current state to 019 W/m?K by means of
150 mm thick thermal insulation with a thermal conductivity A =
0.032 W/mK).

- iEPD recommendation: ISOVER Clima 034 with 0,034 W/(m?2K)
and a minimum thickness of 200 mm; for roof/glazed roofs
a minimum of 300 mm.

- currently planned: outdoor, flexible solar shading: according
to current calculations (iEPD) heating demand 111,25 kWh/
m2a and cooling demand 213,98 kWh/m?a (electricity, heating,
cooling and WRG demand)

- primary energy demand according to iEPD calculations:

84 kWh/m?a

A very important part of this is to ensure a high level of airtightness
of the entire energy envelope, which will be addressed in the im-
plementation project, especially for the replaced windows and all
transitions through the thermal insulation envelope of the building.
The air exchange and infiltration rate is checked by measuring the
airtightness — the so-called BlowerDoor test. The concept also pro-
vides for controlled ventilation with heat recovery. The ventilation
system is designed according to the use of the space, adapted in
each case to the offices, studios, cafés and kindergarten planned
for the building.

Due to the energy concept and the related calculation, the
energy consumption per person and not only per square meter
must also be considered and included in the calculation. So far, half
of the consumption has been calculated per household. In order to
assess the energy consumption per person, the occupancy density
per square metre would also have to be recorded and compared
with the actual situation.

Technical solution for heating and cooling supply

When designing the heating system and calculating the heat
losses, the calculation of heat losses of the building was carried
out according to STN EN 12831 and STN EN 73 0540-2/Z1 for the
Bratislava area with the following climatic characteristics:

Input parameters of climatic characteristics and calculation of
heat losses:
Input parameters and characteristic values:

« Height 140 m above sea level

« Calculated air temperature — winter (Te) — 11°C

- Average temperature during the heating period +4,4°C

« Number of heating days 212 d/year, full heating time 16 h/d

« The calculated new heat loss of the building is 124,6 kW.

The new heat supply is provided by low-temperature heating with
heat pumps as energy source. Here the heat pumps are designed
as a ground/water system, i.e. they use energy from vertical bore-
holes built on site to provide the necessary energy for hot water
preparation.

For several years now, buildings have also been implemented
with increased energy production from renewable energy systems
(e.g. photovoltaics) so that they produce more energy than they
need to operate on an annual average.

The basis of the PlusEnergy building is the design of the
envelope and the technologies according to the Passive House
standard, with characteristic values for heating and cooling de-
mand <15 kWh and primary energy demand <120 kWh. There are
also projects that have already been implemented in the field of
renovation of older buildings. Due to the specific structural and
spatial requirements in existing buildings, implementation tends to
be more complex. Therefore, there is still a need for research and
development in this area.
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Plusovy energeticky standard = standard pasivheho domu +
obnovitel'né energie

Energeticky Standard pre existujlce budovy a tym znizenie

konecnej potreby energie mozno opisat pomocou nasledujlcich
opatreni, noriem a charakteristickych hodnét:

zlepsit tepelnd izoldciu obvodového pldsta budovy

na U < 0,15 W/m2K na znizenie potreby tepla na vykurovanie
a chladenie,

zamedzenie vzniku tepelnych mostoy,

kompaktnd konstrukcia,

kvalitné izolacné zasklenia a okenné ramy, U < 0,8 W/(m2K);
g-hodnota okolo 50 %,

zleps$enie vzduchotesnosti obvodového plasta budovy, opat-
renia na riadené vetranie (vzduchotesnost n50 < 0,6 /h),
vyuzitie pasivnych soldrnych ziskov,

ochrana pred sinkom a tienenie v letnom obdobi — jedno

z najdolezitejSich pasivnych opatreni na prevenciu proti
prehrievaniu,

vysokoucinné energeticky Usporné spotrebice pre domac-
nost,

max. merna potreba primdrnej energie 120 kWh/m?2a na
vykurovanie priestorov, pripravu teplej vody a spotrebu
elektriny, ako aj

optimalizdcia technoldgie budov prostrednictvom integrécie
tepelnych cerpadiel, fotovoltiky (strecha/fasdda), kombinova-
nej vyroby tepla a elektriny alebo vyuzitie veternej energie

s malymi vykonmi. Dal$ou moznostou je vyuzitie odpado-
vého tepla z odpadovych véd pre tepelné ¢erpadld. Dalsie
moznosti technoldgie budovy na optimalizéciu: pasivny
predohrev vzduchu, napr. pomocou geotermdlneho vymen-
nika tepla, spétné ziskavanie tepla z odpadového vzduchu

s Ucinnostou dodavky tepla >75 % a ohrev teplej UZitkovej
vody soldrnymi kolektormi alebo tepelnym cerpadlom. Tepel-
né straty prenosom a vetranim su z velkej ¢asti kompenzova-
né pasivnymi prispevkami energie.

ENERGETICKY PLUSOVE MESTSKE STVRTE

Plus energy standard = passive house standard + renewable
energies

The energy standard for existing buildings and thus the

reduction of the final energy demand can be described by the
following measures, standards and characteristic values:

improve the thermal insulation of the building envelope

to U < 0.5 W/m?3K to reduce heating and cooling demand,
avoid thermal bridges,

compact design,

highly insulating glazing and window frames, U, < 0,8 W/(m?ZK);
g-value around 50%,

improvement of the airtightness of the building envelope,
controlled ventilation measures (airtightness n., < 0,6 /h),

use of passive solar gains,

sun protection and shading in summer — one of the most
important passive measures to prevent overheating,
high-efficiency energy-saving household appliances,

max. specific primary energy demand of 120 kWh/m?2a for
space heating, hot water preparation and electricity consump-
tion, as well as

optimization of building technology through the integration
of heat pumps, photovoltaics (roof/facade), combined heat
and power generation or the use of wind energy in microsys-
tems. Another option is the use of waste heat from waste
water for heat pumps. Other building technology options for
optimisation: passive air preheating, e.g. with a geothermal
heat exchanger, waste air heat recovery with a heat delivery
efficiency >75% and domestic hot water heating with solar
collectors or heat pumps. Heat losses through transmission
and ventilation are largely compensated by passive energy
contributions.
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Po prvé. Nie kazdd forma energie je rovnaka. Elektrickd energia
je najcennejsia, pretoze sa ddé pouzit prakticky na ¢okolvek: méze
napdjat elektroniku, poskytovat svetlo, teplo a pohyb a dé sa
prakticky bez strat prendsat na velké vzdialenosti. Jej nevyho-
dou su neunosne vysoké ndklady na skladovanie, a preto je také
délezité, aby sa vyroba a spotreba elektrickej energie ¢o najviac
zhodovali.

Na druhej strane tepelnd energia sa nachddza prakticky vsa-
de, ale je uzito¢na len ako teplo alebo chlad, ak je medzi zdrojom
a ciefom dostatoc¢ny teplotny rozdiel. Taktiez sa rychlo rozptyli.
Preprava tepelnej energie je ndkladnd a mnohé témy v oblasti
PED sa tocia okolo presunu tepelnej energie na sprdvne miesto,
¢i uz ide o vykurovanie priestoru, chladenie alebo tepld uzitko-
vU vodu. Préve preto su tepelné ¢erpadla jednou z klicovych
technoldégii pre dekarbonizéaciu stavebného sektora, pretoze su
velmi ucinné — ako naznacuje ich ndzov — pri precerpdvani tepla
z jedného miesta na druhé.

KedZe rozne druhy energie, ako napriklad elektrina a teplo,
maju odlisné zitkové vlastnosti, nemali by sa priamo scitavat
a porovnavat. Jedna kilowatthodina elektrickej energie méze nabit
telefén, jedna kilowatthodina tepelnej energie sa méze pouzit ,len”
na zvysenie teploty vzduchu v miestnostiach alebo vody v boileri.

Rozdiel medzi elektrickymi a tepelnymi zdrojmi energie je
tiez v miestnom potencidli obnovitelnych zdrojov. Potencidly
elektrickej energie su v poradi od najrozsirenejSieho po najsituac-
nejsie — najviac z4vislé od situdcie.

6.1 Elektricka energia
Electric energy
Elektricku energiu mozno vdaka jej univerzalnosti povazovat za

najkvalitnejsiu formu energie — jej vyznam ako zdroja energie
rastie.

ENERGETICKY PLUSOVE MESTSKE STVRTE

First. Not every form of energy is equal. Electricity is the most
precious, because it can be used for virtually anything: it can power
electronics, provide light, heat and motion and can be transported
virtually without losses across vast distances. Its disadvantage is its
prohibitively high cost for storage, which is why it is so important to
match the generation and use of electricity as close as possible.

Thermal energy on the other hand can be found virtual-
ly everywhere but is useful only as heat or cold where there is
enough temperature difference between a source and a target. It
dissipates quickly too. Thermal energy is costly to transport and
many topics in PEDs revolve around moving thermal energy to the
right place, be it as space heating, cooling, or domestic hot water.
This is why heat pumps are one of the key technologies for the de-
carbonization of the building sector, because they are very efficient
in pumping heat from one place to another.

Because different energy types such as electricity and ther-
mal have different utilities, they should not be added and com-
pared directly. One Kilowatt hour of electricity can charge a phone,
one kilowatt hour of thermal energy can “only” be used to increase
the temperature of air in rooms or water in boilers.

The difference between electric and thermal energy sources
is also prevalent in its local renewable potentials. Electric potentials
are, in order of most ubiquitous to most situational.

Due to its versatility, electricity can be seen as the highest quality
form of energy — it is becoming increasingly important as an ener-
gy source.

6.1.1 Fotovoltika (PV): Elektricka energia zo slne¢ného ziarenia

Photovoltaics (PV): Electricity from Solar Irradiation

Termin fotovoltika (PV) sa sklada zo slovnych Casti Phos (grécky
vyraz pre svetlo) a Volt (jednotka merania elektrického napétia).
Fotovoltika je premena slne¢nej energie na elektricku energiu
pomocou soldrnych ¢lankov prostrednictvom takzvaného ,fotoe-
lektrického efektu“s®. VyuZitie fotovoltiky sa stalo technologicky
zaujimavym az po objaveni kremika ako materidlu pre solarne
¢lanky v polovici 20. storocia. Kremik je prirodnd surovina, ktord
sa vyskytuje napr. vo forme kremenného piesku. Na vyrobu
vacsiny soldrnych ¢lankov sa pouziva kremik, a to vysoko cisty
kremik, ktory sa v prirode nevyskytuje. Na konec¢né pouZitie sa
musi odistit od inych prvkov, ¢o je najdrahsia Cast vyroby. Krystély
kremika sa potom ,,dopuju*, ¢o znamena, Ze sa do nich vnasaju
cudzie atdmy, aby kremik ziskal polovodi¢ové vlastnosti, ktoré su
potrebné na fotovolticky efekt.

V sucasnosti sa rozlisuju tieto typy soldrnych ¢lankov:

1. Krystalické kremikové ¢lanky: Su to ,klasické“ soldrne ¢lanky,
ktoré sa aj najcastejSie pouzivaju. Vznikaju rozrezanim blo-
kov krystdlov kremika na velmi tenké platky (,wafery®, hrubé
priblizne 0,3 mm).

2. Tenkovrstvové ¢lanky: V tomto pripade je polovodi¢ovy ma-
teridl naneseny v jednej alebo viacerych velmi tenkych vrs-
tvach priamo na takzvany ,substrat* (napr. sklo, plast alebo
kov). To vytvara mnoho novych moznosti vyuzitia fotovoltiky
(napr. streSné prvky z kovu, fasddne prvky zo skla).

3. Dal$ou technologickou moznostou su farbené ¢lanky alebo
organické polovodice vyrobené z plastov na baze uhlovo-
dikov. Organické polovodi¢e mozno spracovat do velkych,
tenkych, polopriehladnych a pruznych vrstiev pomocou
jednoduchych kontinualnych procesov.

58 https://en.wikipedia.org/wiki/Photoelectric_effect

The term photovoltaics (PV) consists of the word parts Phos (Greek:
light) and Volt (unit of measurement of electrical voltage). Photo-
voltaics is the conversion of solar energy into electrical energy
using solar cells via the so-called “photoelectric effect®®. The use of
photovoltaics only became technologically interesting when silicon
was discovered as a material for solar cells in the middle of the
20th century. Silicon is a natural raw material that, e.g., occurs in
the form of quartz sand. Silicon is used for most solar cells, namely
highly pure silicon that does not occur in nature. For final use, it
needs to be cleaned of other elements, which is the most expen-
sive part of manufacturing. The silicon crystals are then “doped,”
which means that foreign atoms are introduced to give the silicon
the semiconductor properties that are necessary for the photovol-
taic effect.

The following types of solar cells can currently be distin-
guished:

1. Crystalline silicon cells: These are the “classics” among solar
cells and are also the ones most commonly used. They are
created by sawing silicon crystal blocks into very thin slices
(the “wafers”, approximately 0.3 mm thick)

2. Thin-film cells: Here, the semiconductor material is applied in
one or more very thin layers directly to a so-called “substrate”
(e.g., glass, plastic or metal). This creates many new possible
applications for photovoltaics (e.g., roof elements made of
metal, facade elements made of glass).

3. Another technological possibility are dyed cells or organic
semiconductors made from hydrocarbon-based plastics.
Organic semiconductors can be processed into large, thin,
semi-transparent and flexible layers using simple continuous
processes.

POSITIVE ENERGY DISTRICTS

Textured black c-Si

Textured black CIGS
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Printed red CIGS

+1% +1% -16 %

Printed grey c-Si

Printed grey CIGS

Grey foil CIGS

-1% -1% -1%

Conventional black c-Si
Reference

Conventional black CIGS
Reference -8%

Grey foil c-Si

Obrazok 52 Monokrystalicky (vlavo) a polykrystalicky (vpravo) soldrny ¢lanok (Ertex Solar)

Figure 52 Monocrystalline (left) and polycrystalline (right) solar cell (Ertex Solar)

NajddlezitejSimi komponentmi fotovoltickych systémov su soldrne
panely. Tie sa vSak stdvaju systémom az v kombindcii s tymito
zdkladnymi komponentmi: Soldrne panely, kéble, spinace, poistky,
striedace, ktoré premienaju jednosmerny prud (DC) z modulov

na striedavy prdd (AC) kompatibilny so sietou, a napokon stoja-
ny/montdz, ktoré mézu tvorit az polovicu nékladov na instaldciu
zlozitejSich konsStrukcii, ako su pergoly a fotovoltické systémy
integrované do budov.

NajdblezitejSimi faktormi, ktoré uréuju elektricky vykon foto-
voltickych ¢ldnkov, su mnozstvo prijatého priameho a nepriameho
(alebo ,rozptyleného*) sine¢ného svetla, uhol dopadu a teplota.
Viac svetla sa dostane k fotovoltickym ¢lankom, ak dopada kolmo.
Pri Sikmom uhle sa jeho vyuzitie znizuje, pretoze sa svetlo skor
odraza, ako vstupuje do ¢lanku. Prispevok rozptyleného svetla sa
vSak Casto podcenuje: V zavislosti od podnebia tvori takmer po-
lovicu celkového Ziarenia dopadajuceho na horizontélny povrch.
To znamend, Zze moduly s mensim sklonom, ktoré su ,plochejsie®,
maju len o nieco nizsi vynos ako moduly, ktoré su viac naklonené
k drdhe sInka. Maju vSak dve vyhody:

« Po prvé, vdaka mensiemu uhlu vytvaraju menej tiena, o
umoznuje umiestnit na rovnaku plochu viac modulov, ako
by to bolo mozné pri moduloch orientovanych na juh, &¢m sa
zvySuje celkovy vynos nosnej plochy.

- Po druhé, tieto moduly mézu vyuzivat viac rozptyleného svet-
la, ako aj viac priameho slne¢ného svetla v rannych a vecer-
nych hodinach, ¢im sa dodatocny vynos za simraku a Usvitu
vymeni za pokles na poludnie. To zvyc¢ajne dobre koreSpon-
duje s poziadavkami na elektrickd energiu pre obytné ucely,
ktoré vrcholia rdno a eSte viac vo vecernych hodinach.

Zodpovedajuca orientdcia fotovoltaickych modulov, napr. v smere
vychod — zdpad, moze mierne zvysit vlastnd spotrebu elektrickej
energie, ¢o moze byt aj ekonomicky vyhodné, kedze elektrickd
energia sa rano a vecer zvyCajne preddva za ovela vysSie ceny
ako elektrina doddvana zo siete, najma na poludnie.

The most important components of photovoltaic systems are the
solar panels. However, they only become a system when com-
bined with these basic components: Solar panels, Cables, switch-
es, fuses, Inverters, converting the direct current (DC) from the
modules into grid-compatible alternating current (AC), and finally
Racks/mounting which can constitute up to half of the installation
costs for more complex constructions such as pergolas and build-
ing integrated PV.

The most important factors determining the electric yield from
PV cells are the amount of direct and indirect (or “diffuse”) sunlight
received, the angle of incidence and the temperature. More light
reaches the PV cells, if it hits at a normal angle. At an oblique an-
gle, its use is diminished due to grazing light being reflected rather
than entering the cell. However, the contribution of diffuse light
is often underestimated: Depending on the climate, it constitutes
almost half of the total radiation impacting a horizontal surface.
This means that modules with a lower tilt, being “flatter” only have
a slightly lower yield than modules being more tilted towards the
sun path. But they have two advantages:

« First, due to their lower angle, they produce less shadow, thus
allowing more modules to be placed on the same surface as
would be possible with south-facing modules, thus increasing
the overall yield of the supporting surface.

- Secondly, these modules can use more diffuse light, as well
as more direct sunlight at the morning and evening hours,
trading additional yield at dusk and dawn for a decrease at
noon. This typically corresponds well with electricity demands
for residential uses, which peak in morning and even more so
in the evening hours.

Matching PV modules orientation, e.g., facing East-West, can slight-
ly increase the own-consumption of electricity, which can also be
economically favourable, as electricity in the morning and evening
typically retails at much higher prices than grid-feed in, particularly
at noon.

Obrdzok 53 Monokrystalicky (vlavo) a polykrystalicky (vpravo) soldrny ¢lanok

Figure 53 Monocrystalline (left) and polycrystalline (right) solar cell / wafer (Ertex Solar)
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Optimélny ro¢ny sklon prevazne suvisi so zemepisnou Sirkou
lokality. Existuje niekolko ndstrojov a zdrojov na rychly odhad
slne¢ného ziarenia a o¢akdvanych vynosov z fotovoltiky prakticky
pre véetky miesta na Zemi.®

Efektivnost v %
Efficiency in %

ENERGETICKY PLUSOVE MESTSKE STVRTE

The annual optimal tilt predominantly correlates with the
latitude of the location. There exist several tools and resources
to quickly estimate the solar radiation and expected PV yields for
virtually all locations on earth.®®

Obrazok 54 Typicka cinnost fotovoltaickych modulov v percentéch na juznej strane v stredoeurépskych zemepisnych dizkach

Figure 54 Typical PV Efficiency in percent of south-facing modules at Central European longitudes

V minulosti sa moduly intalovali s ciefom maximalizovat ich indivi-
dudlnu ucinnost vzhladom na ich relativne vysoku cenu. S neusta-
le sa znizujucimi nakladmi na moduly v poslednych desatrociach
sa vSak tento konstrukény ciel zmenil: VysSsie sklony znamenaju
vacsiu vyrobu v zime, ale mensiu v lete a celkovo mézu byt eko-
nomicky vyhodné, ak je cena v sieti v zime ovela vyssia ako tarifa
v lete. V poslednom ¢ase sa v$ak od tychto dvah vacsinou upusta
v prospech maximalizacie celkového vynosu z pouzitych stres-
nych a stenovych pléch, ¢o sa zvycajne dosahuje umiestnenim
vacsieho poc¢tu modulov s menej priaznivou individudlnou orien-
taciou (napr. moduly naklonené 15° na vychod a zdpad namiesto
modulov orientovanych 30° na juh v eurépskych zemepisnych
Sirkach). V sucasnosti sa fotovoltické moduly vyrdbaju vo vSetkych
tvaroch a velkostiach, ale vSeobecne plati, ze farebné, tvarované,
zakrivené a flexibilné moduly su zvycajne drahsie alebo maju
nizsiu Ucinnost.

Historically, modules were installed to maximize their individual
efficiency due to their relative high price. With ever decreasing
cost of modules in the recent decades however, this design goal
has been shifted: Higher tilts mean more production in winter, but
less in summer and overall, but can be economically beneficial

if the grid price in winter is much higher than the feed in tariff in
summer. Recently however, these considerations have been mostly
foregone in favour of maximizing the overall yield of the applied
roof and wall areas, which is typically achieved by packing more
modules with less favourable individual orientation (e.g., 15° East-
West tilted modules instead of 30° south-facing modules in Europe-
an latitudes). Today, photovoltaics come in all shapes and sizes, but
in general coloured, shaped, curved and flexible modules typically
come at a premium and or a loss in efficiency.

Obrdazok 55 llustrdcia strechy fotovoltického systému orientovaného v smere vychod — zdpad so sklonom 15°. V zdavislosti od pochédznosti modulov
a legislativnych poziadaviek sa mézu intalovat s malym udrzbovym chodnikom alebo bez neho.

Figure 55 Roof illustration of an east-west oriented PV system with an inclination/tilt of 15°. Depending on the module walkability and legal requirements,
they can be installed with or without a small maintenance walkway.

59 Napr. https://globalsolaratlas.info/map
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Vlastnosti modulu
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Modul properties

Vyrobca, ndzov modulu Meyer Burger AG — Black 280

Producer, modul name Meyer Burger AG — Black 280

Modul napdjania 380 Wp (Watt Peak = vykon pri maximalnom normalnom oziareni) Modul power 380 Wp (Watt Peak = Power at peak normal irradiation)
Modulovéd oblast 1,8 m? Modul area 1,8 m?

U¢innost 20,7% Efficiency 20,7%

Uhol 15° Angle 15°

Orientdcia modulu Vychod-Zéapad Modul orientation East-West

Priklad 2039 m? Example 7039 m?

Hruba plocha strechy

Gross roof area

InStalovany vykon 733,4 KW, (“Om” strechy/kWp)

Installed power 7334 KW, (*Om*roof/kWp)

(@15° vychodozépadne) (@15°East West)

Hustota instaldcie ) ) 5
fotovoltickych zariadent 0,104 kWp/mzmfarea PV Installation density 0,104 kWD/m oofarcn
Vynos (instalacia Yield (@15°East West

@15°East West) 7838 MWh/rok installation) 783,8 MWh/a
Merny vykon Specific yield per installed

. . . 1.068,7 kWh/kW
na inStalovanu kapacitu p

] 1.068,7 kWh/a/kW
capacity P

Merny vykon

- . 225 kWh/m?PV
na instalovanu plochu

Specific yield per area

; 225 kWh/m?PV
installed

Tabulka 1 Subor faktov PV
Table 1 Factbox PV

Integracia fotovoltiky do budov — BIPV
Na vyrobu slnec¢nej energie je v zdsade vhodny kazdy prvok

budovy, ktory je vo vacsej alebo mensej miere otoceny k slnku:
strecha, fasdda, okenné plochy a dalSie stavebné prvky, ako su
tieniace prvky alebo parapety. Soldrne moduly sa mézu pridat
k existujuicim prvkom budovy na tychto miestach (napr. monta-
Zou na existujucu strechu alebo ako zdvesna stena) alebo mézu
Uplne nahradit prvky budovy (napr. vo forme sklenenej fasady zo
soldrnych modulov). Ak sa solarne moduly pouziju namiesto inych
komponentov, mézu plnit dalSie funkcie, ako napr:

+ Ochrana pred poveternostnymi vplyvmi

+ Ochrana pred slnkom

. Tepelnd izolacia ( napr. ako sucast fasady)

« Zvukova izolacia

+ lzolacia

» Estetika

« Klimatizacia (ochrana pre prehrievanim)

« Osvetlenie

V bytovych domoch, obytnych domoch atd. ¢asto existuje rézno-
rodad vlastnicka Struktira — niektori su ndjomnici a niektori vlastnici
nehnutelnosti. To stazuje spolo¢né vyuzivanie fotovoltiky na
vhodnej streche a spotrebu vyrobenej energie na mieste. Takzva-
né energetické spolo¢enstvo ma tito situdciu zjednodusit. Tu sa
mozu obyvatelia a uzivatelia pripojit a bud’ spolo¢ne investovat,
alebo poverit tretiu stranu, aby sa v ich mene postarala o insta-
laciu a prevddzku fotovoltického systému na spolo¢nej streche
bytového domu. Ak systém na streche vyraba energiu, kazdému
obyvatelovi, ktory sa zucastnil na projekte, sa pripiSe zodpoveda-
juca Cast energie, ktoru spotrebuje na mieste, a zvy$ok energie sa
dostane do elektrickej siete, kde ju mbézu vyuzivat ostatni. Vyho-
dou tohto modelu je nielen moznost vyuzivat elektrickd energiu
vyrobenu fotovoltikou priamo na mieste, ale aj usetrit peniaze.
Moéze tiez umoznit ovela vacsie systémy, ako by bolo ekonomicky
uskutocnitelné samostatne.

Building integration of photovoltaics — BIPV
In principle, any building element that faces the sun (to

a greater or lesser extent) is suitable for solar power generation:
the roof, the facade, window areas and additional building compo-
nents such as shading elements or parapets. Solar modules can
be added to existing building elements at these points (e.g. by
mounting them on the existing roof or as a curtain wall), or they can
replace the building elements entirely (e.g. in the form of a glass
facade made of solar modules). When solar modules are used
instead of other components, they might serve additional functions
such as:

«  Weather protection

« Sun protection

« Thermal insulation

« Sound insulation

« Insulation

« Aesthetics

« Air conditioning

. Lighting

Apartment buildings typically feature complex ownership structures
with any mix of tenants and owners. This has made it difficult to
jointly use photovoltaics on a suitable roof and consume the ener-
gy generated on site. The so-called energy community is intended
to simplify this. Here, residents and users can join and either invest
jointly or commission a third party to handle the installation and op-
eration of a PV system on the shared roof of the apartment building
on their behalf. If the system on the roof generates energy, each
resident who has participated in the project is credited with the
corresponding share of the energy they use on site and the rest

of the energy goes into the electrical grid where it can be used

by others. The advantage of this model is not only the possibility

to use the electrical energy generated by photovoltaic directly on
site, but also to save money. It can also facilitate much larger sys-
tems than would be economically feasible in isolation.
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6.1.2 Mald veterna energia
Small Wind power

Na zabezpecenie bezpecného, udrzatelného a odolného zaso-
bovania mesta energiou, ktoré sa nespolieha vylu¢ne na vyrobu
energie z okolitého vidieka, by sa mali ¢o najlepsie vyuzivat exis-
tujuce energetické zdroje v meste. Okrem fotovoltiky predstavuje
mald veternd energia jednu z mdla moznosti vyroby elektrickej
energie Setrnej k zivotnému prostrediu aj v husto zastavanych
oblastiach, ako aj v mestskom prostredi. Spolu s ¢oraz silnejSou
tdzbou po stukromnej energetickej autondmii vedie tato okolnost
k tomu, Ze malé veterné elektrarne (MVE) sa Coraz viac dostdvaju
do popredia zaujmu sukromnych domdcnosti a Coraz CastejSie sa
stavaju aj v husto osidlenych oblastiach alebo v mestskej zdstav-
be na rodinnych domoch alebo v ich bezprostrednej blizkosti.

Na rozdiel od vidieckych oblasti predstavuju mestské oblasti
d'alSie vyzvy pri pldnovani a inStaldcii veternych turbin. V désled-
ku vacsej rozmanitosti terénu je veterny potencial v mestskych
oblastiach pri vyske instalacie 15 az 30 m nad urovnou terénu,
ktord je pre JVT beznd, vyrazne nizsi ako pri porovnatelnej vyske
vo vidieckych lokalitdch. Okrem toho veterny potencial ¢asto
dalej znizuje tienenie vysokymi stromami, budovami alebo inymi
stavebnymi konstrukciami.

Dal$ou vyzvou pri pldnovani veternych turbin v mestskom
prostredi su zvy$ené poziadavky na bezpecnost v désledku vyso-
kej hustoty obyvatel'stva a zvySeného rizika padu ladu, ladovych
kryh alebo padajucich Casti rotora v pripade poskodenia. Tymto
rizikdm sa musi Celit preventivnymi prevadzkovymi prestdvka-

mi v pripade ndmrazy. Stabilita SWT sa musi zabezpecit aj pri
extrémnych meteorologickych podmienkach a uderoch blesku.
Ak sa veterna turbina inStaluje na verejne pristupnych miestach,
schvalovacie orgdny ¢asto vyzaduju vizudinu identifikdciu turbiny,
napriklad signdlnym svetlom, aby sa neohrozilo nasadenie z&-
chrannych sluzieb. Dalsie $kodlivé t¢inky JVT, ako napr.

. periodické, blikajuce vytvdranie tiena

. odrazy svetla na lopatkach rotora (disko efekt)

« emisie hluku, infrazvuku

« vibracie a oscilacie

sa maju vylucit alebo obmedzit do takej miery, aby sa
nezhorsila kvalita Zivota obyvatelov v bezprostrednej blizkosti
turbiny. Jednou z moznych pric¢in emisii hluku je virenie lopatiek
rotora. Vibrdcie a kmitanie su obzvlast problematické, ked su
turbiny namontované priamo na obytnu budovu. Priamo vnimatel-
né vibrdcie a z nich vyplyvajtci hluk v budove su nasledky, ktoré
mozu byt pre obyvatelov budovy $kodlivé. Dal$im obmedzujticim
faktorom je dodato¢né zatazenie konstrukcie budovy spdsobené
dynamickymi kmitmi.

Malé veterné turbiny su zaujimavym doplnkom fotovoltickych
systémov pre vybrané lokality s dobrym veternym potencidlom.
Pocas planovania a vystavby je vSak potrebné prekonat mnohé
technické problémy, aby sa zabezpecila bezpecna prevddzka
elektrarne.

ENERGETICKY PLUSOVE MESTSKE STVRTE

To ensure a secure, sustainable, and resilient urban energy supply
that does not rely exclusively on energy generation from the
surrounding countryside, the best possible use should be made of
existing energy resources in the city. In addition to photovoltaics,
small wind power represents one of the few possibilities to gen-
erate environmentally friendly electrical energy even in densely
built-up areas as well as in urban environments. Together with the
increasingly strong desire for private energy autonomy, this circum-
stance leads to the fact that small wind turbines (SWT) increasingly
become the focus of private households and are also increasingly
erected in densely populated areas or in the urban area on or in
the immediate vicinity of single and multi-family houses.

In contrast to rural areas, urban areas pose additional chal-
lenges for the planning and installation of wind turbines. Due to
higher roughness of the ground, the wind potential in urban areas
is significantly lower at an installation height of 15 to 30 m above
ground level, which is common for SWTs, than at a comparable
height at rural locations. In addition, wind shading from tall trees,
buildings, or other building structures often further reduces wind
potential.

Another challenge in the planning of urban wind turbines is
the increased safety requirements due to high population density
and the increased risk from ice fall, ice throw, or falling rotor parts
in the event of damage. These risks must be counteracted by
precautionary operation pauses in the event of icing. The stability
of the SWT must also be ensured under extreme meteorological
conditions and lightning strikes. If a wind turbine is installed in pub-
licly accessible places, the approval authorities often require visual
identification of the turbine, such as a signal light, so as not to en-
danger the deployment of emergency services. Other detrimental
effects of the SWT such as

- periodic, flickering shadow casting

- light reflections on the rotor blades (disco effect),
+ noise emissions, infrasound emissions,

+ vibrations and oscillations

are to be avoided or limited to such an extent that the quality
of life of residents in the immediate vicinity of the SWTs is not im-
paired. One possible cause of noise emissions is vortex shedding
on the rotor blades. Vibrations and oscillations are particularly
problematic when turbines are mounted directly on a residential
building. Directly perceptible vibrations and the resulting noise in
the building are consequences that can be detrimental to the resi-
dents of the building. The additional load on the building structure
caused by the dynamic excitations is another limiting factor.

In summary, small wind turbines are an interesting comple-
ment to photovoltaic systems for selected locations with good wind
potential. However, numerous technical challenges must be over-
come during planning and construction to ensure safe operation of
the plant over several years.

POSITIVE ENERGY DISTRICTS

6.2 Tepelna energia
Thermal Energy

Bezné vykurovacie systémy zvycajne vytvéraju teplo spalova-

nim energetického nosica, ako je zemny plyn, drevo, vykurovaci
olej, alebo iné formy biomasy. Hoci je to pomerne jednoduché,
technologicky vyspelé a vedie to k zndmym emisiam sklenikovych
plynov, zdrover sa tym trvalo priddva tepelnd energia do Zivotné-
ho prostredia. Po dosiahnuti tepelnej rovnovédhy sa toto pridané
teplo nedd odstranit ani ,ochladit®, ale iba premiestnit.
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Conventional heating systems typically create heat by combusting
an energy carrier such as oil, natural gas, wood or other forms of
biomass. Although rather straightforward, technologically mature
and leading to the known GHG emissions, it also permanently
adds thermal energy to the environment. Once in thermal equilib-
rium, this added heat cannot be removed, or “cooled” off, but only
moved.

6.2.1 Tepelné cerpadila: ,,Prestivanie tepla“ namiesto ,,vytvdrania tepla“

Heat pumps: “moving heat” instead of “creating heat”

Princip tepelnych Cerpadiel spociva v tom, Ze namiesto vytva-
rania tepla sa teplo prestva tam, kde je potrebné: ako uz nazov
napoveda, tepelné Cerpadla preCerpdvaju teplo z jedného miesta
na druhé, pricom prvé miesto ochladzuju a druhé ohrievaju. Kazda
chladnicka je tepelné Cerpadlo. Elektrickd energia potrebnd na
¢erpanie je len zlomkom prepravovaného tepla, ale zvySuje sa

s teplotnym rozdielom medzi zdrojom a cielom: Cim je tento roz-
diel mensi, tym je uc¢innost vyssia. Ak sa teplota zdroja zvysi o 1°C,
spotrebuje sa 0 2,5 % menej elektrickej energie. Preto su nizko-
teplotné radiatory, podlahové vykurovanie a systémy aktivacie
jadra budovy kld¢om k zniZzeniu spotreby energie na vykurovanie
a chladenie. Inovativne nizkoteplotné systémy mézu dokonca
vyuzivat sezénne rozdiely na maximalizdciu Gc¢innosti a zdroven
komfortu: V zime Cerpaju teplo zo zeme do budovy a v lete tento
proces obratia, &im ochladia budovu a zregeneruju teplotu zeme
na d'alSie ro¢né obdobie. Hlavné zdroje tepla, ktoré mozno pouzit
pre tepelné Cerpadlo, su tieto:

« Vonkajsi vzduch: tento variant je lacny, ale nie velmi ucinny,
pretoZe potreba vykurovania je zvyCajne najvyssia, ked' je
vonkajSia teplota najnizsia, t. j. rozdiel medzi teplotou zdroja
a vykurovacieho systému je velmi vysoky.

« Geotermalna energia: Geotermdlne systémy pracuju efek-
tivne, pretoze teplota zeme 5-15 °C v zdvislosti od hibky je
vyrazne vyssia ako teplota vonkajSieho vzduchu. Geotermal-
ne kolektory sa vyrdbaju v réznych konstrukciach: Pri plytko
uloZzenych horizontélnych kolektoroch sa vefmi malé Cast
tepla absorbovaného pocas roka ziskava zo zeme v malej
hibke. Toto teplo pochadza zo sine¢ného Ziarenia a dazda.
Priestor potrebny na geotermdliny kolektor je priblizne 1,5 az
3-ndsobok vykurovanej obytnej plochy — prilis velky pre
husto zastavané mestské oblasti. Hibkové vrty alebo ,sondy*
s hibkou 100 — 300 m majli na druhej strane ti vyhodu, ze
vyzaduju relativne malo stavebného priestoru a udrziavaju
celoro¢nu priemernu teplotu klimy. V strednej Eurdpe je to
priblizne 15 °C. M6Zu sa realizovat aj ako stcast zaloZenia
stavby v rdmci vystavby na zelenej Itike. Dal$ou vyhodou
geotermdlnej energie je, Ze zem sa da vyuzit ako sezénna
zdsobdren tepla: V zime sa z nej odobera teplo na vykuro-
vanie budovy, v lete sa teplo odobraté z budovy ukladd do
zeme.

« Podzemné vody: NajefektivnejSie systémy tepelnych Cerpa-
diel su zaloZzené na vyuzivani podzemnej vody. Td ma kon-
Stantnu vysoku teplotu priblizne 10 °C. Pre tento systém je
potrebné vybudovat sustavu 2 studni, pricom z jednej studne
sa voda Cerpd do tepelného ¢erpadla a voda ochladena
o pér °C sa vypusta do druhej studne.

- Iné zdroje tepla: Tepelné ¢erpadld mbzu v zdsade vyuzivat
akykolvek zdroj tepla, ktory je k dispozicii na vymenu tepla.
Patri sem aj teplo, ktoré sa zvycajne povazuje len za odpado-
vé alebo vedlajsi produkt z priemyselnych procesov, z chla-
denia alebo odpadovej vody. PodrobnejSie sa tomu budeme
venovat v jednej z nasledujlcich Casti.

The concept of moving heat to where it is needed instead of
creating it, is the principle of heat pumps: as the name implies,
they pump heat from one place to another, cooling the former and
heating the latter in the process. Every fridge has one. The pump-
ing electricity required is only a fraction of the heat being moved
but increases with the temperature difference between source
and target: The smaller the difference, the higher the efficiency. If
the source temperature is increased by 1°C, 2.5 % less electrical
energy is consumed. That is why low temperature radiators, floor
heating and building core activation systems are key to reduc-
ing energy consumption for heating and cooling. Innovative low
temperature systems can even exploit the seasonal differences
to maximize efficiency and comfort at the same time: Pumping
heat from the ground into the building in winter and reversing the
process in summer, thus cooling the building and regenerating the
ground temperature for the next season. The main heat sources
that can be used for the heat pump are as follows:

» Outside air: this variant is inexpensive, but not very efficient,
since heating loads are typically highest when the outside
temperature is lowest, i.e. the difference between source and
heating system temperature is very high.

»  Geothermal: Geothermal systems work efficiently because
ground temperatures of 5 to 15 °C depending on depth are
significantly higher than outside air. Geothermal collectors
come in a variety of designs: In shallow collectors, a very
small portion of the heat absorbed during the year is extract-
ed from the ground at a shallow depth. This heat comes from
solar radiation and rain. The space required by a geothermal
collector is approximately 1.5 to 3 times the heated living area
— too large for densely built-up urban areas. Deep boreholes
or “probes” of 100 to 300 m, on the other hand, have the
advantage of requiring relatively little building space and
maintaining the climate’s average temperature year-round.

In central Europe that is around 15 °C.. They can also be
implemented as part of a structure’s foundation in green field
developments. An additional advantage of geothermal energy
is that the ground can be used as a seasonal thermal store:

In winter, heat is extracted from it to heat the building; in sum-
mer, heat removed from the building is stored in the ground.
This can sometimes be necessary.

«  Groundwater: The most efficient heat pump systems are
based on the use of groundwater. This has a constant high
temperature of about 10 °C.

« Other heat sources: In principle, heat pumps can utilize
any heat source that is available for a heat exchange. This
includes heat that is typically only considered as waste or by-
product from industrial processes, from cooling or wastewater.
This will be discussed in more detail in one of the following
sections.
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6.2.2 Solarna tepelna energia a PVT
Solar Thermal energy and PVT

Vyuzivanie soldrnej tepelnej energie mé v sicasnosti v mestskych
oblastiach druhorady vyznam. Z&visi od réznych podmienok —
okrem toho, ze ponuka soldrnej tepelnej energie ¢asto nezod-
poveda ¢asom dopytu, o moznostiach jej vyuzitia rozhoduje aj
dand infrastruktira a dostupné plochy. Okrem toho v mestskych
oblastiach existuju rézne zaujmy vlastnikov a ndgjomnikov domov
a bytov, rézne subjekty na trhu a urcité pradvne rdmcové podmien-
ky, ktoré sa musia zohladnit pri realizacii soldrnych tepelnych
systémov.

Preto je potrebné ndjst technické systémové riesenia, ktoré
budu prisposobené konkrétnym mestskym ¢astiam a infrastruk-
tdre, ktora je v nich k dispozicii. Je potrebné zabranit stratdm pri
premene, siete vy$éej Urovne by mali byt odlahéené vyuzivanim
soldrnej energie.

Soldrna tepelnd energia je zalozend na premene energie
krdtkovinného soldrneho Ziarenia na tepelnu energiu. Princip
fungovania soldrneho tepelného systému je nasledovny: soldrne
Ziarenie je absorbované absorp¢nym materidlom, zvy¢ajne kovmi,
ako je med a hlinik, a premiena sa na teplo. Vzniknutd tepelnd
energia sa prendsa vedenim do teplonosného média cirkuluju-
ceho v potrubi. Médium sa tak pri prideni cez kolektor ohrieva
a ndsledne sa privddza do zdsobnika, takze tepld voda je k dispo-
zicii aj v Case, ked nie je k dispozicii soldrne zZiarenie.

Tento typ vyroby tepla je vhodny pre rodinné domy alebo
v pripade vacsich kolektorovych poli (napr. na obytnych budovéch
alebo na strechdch tovarni) na napdjanie do lokdlnej vykurovacej
siete alebo siete dialkového vykurovania, ako aj na vyrobu tepla
zo soldrnych procesov a soldrne chladenie.

Kolektory PVT alebo hybridné kolektory kombinuju vyuziva-
nie soldrnej tepelnej energie a fotovoltiky. Vyrdbaju nielen teplo
vo forme teplej vody, ale aj elektrickud energiu pomocou fotovol-
tickych ¢lankov. Pouzivaju sa v zlozitejsich soldrnych tepelnych
aplikdcidach. Hybridné kolektory su vhodné aj na kombindciu
s tepelnymi Cerpadlami. Podla vyrobcu je hlavnou vyhodou to,
ze fotovoltické ¢lanky pracuju so zvy$enou ucinnostou vdaka
odvodu tepla.

ENERGETICKY PLUSOVE MESTSKE STVRTE

The use of solar thermal energy is currently of secondary impor-
tance in urban areas. It is dependent on various conditions — apart
from the fact that the supply of solar thermal often does not match
times of demand, the given infrastructure and the available areas
also determine the potential for use. In addition, in urban areas,
there are different interests of owners and tenants of houses and
apartments, different stakeholders in the market and certain legal
framework conditions that must be taken into account when imple-
menting solar thermal systems.

Therefore, technical system solutions must be found that are
adapted to the specific urban districts and the infrastructure availa-
ble there. Conversion losses should be avoided, higher-level grids
should be relieved by solar energy use.

Solar thermal energy is based on the energy conversion of
short-wave solar radiation into thermal energy. The principle of
operation of a solar thermal system is as follows: Solar radiation is
absorbed by an absorber material, usually metals such as cop-
per and aluminium, and converted into heat. The thermal energy
generated is transferred via conduction to a heat transfer medium
circulating in pipes. The medium is thus heated as it flows through
the collector and is then fed to a storage tank, so that hot water
is also available at times when there is no solar radiation. solar
radiation is available.

This type of heat generation is suitable for single-family
homes or, in the case of larger collector arrays (e.g., on residen-
tial buildings or factory roofs), for feeding into a local heating or
district heating network, as well as for solar process heat and solar
cooling.

PVT collectors or hybrid collectors combine the use of solar
thermal energy and photovoltaics. They generate not only heat in
the form of hot water, but also electricity with the help of photovol-
taic cells. They are used in more complex solar thermal applica-
tions. Hybrid collectors are also suitable for combination with heat
pumps. According to the manufacturer, a major advantage is that
the photovoltaic cells operate at increased efficiency due to the
dissipation of heat.
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Obrazok 56 Fotovoltika na fasdde, Nemeckd spolkovd agentura pre Zivotné prostredie v Dessau, autorka: lvana Nemethové

Figure 56 Photovoltaics on the facade, German Environment Agency in Dessau, Photo by lvana Nemethova
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6.2.3 Biomasa
Biomass

Spalovanim biomasy je mozné vyrdbat teplo, ¢im sa predtym
viazany uhlik uvolfiuje spat do atmosféry. To, ¢i je mozné to
povazovat za ,uhlikovo neutrdine®, zavisi od ur¢eného ¢asového
rdmca a je velmi diskutovanou témou, ale je to lepsie ako spalo-
vanie fosilnych paliv. Na rozdiel od soldrnej a veternej energie ide
o skladovatelnu formu vyroby energie.

Optiméline tak dopifia kolisavé zdroje energie. V porovnani
s fosilnymi palivami, ako je uhlie alebo vykurovaci olej, mé vsak
nevyhodu ,nizSej hustoty energie (t. j. menej vyuzitelnej energie
na kilogram paliva), ¢o znamend zvysené ndroky na skladova-
nie, priestor a prepravu. V porovnani so zemnym plynom ma jej
spalovanie vys$sie emisie a nizsiu Gcinnost. Do lvahy treba brat aj
zlozitu logistiku dopravy pri obstardvani a dodavkach. V sucasnos-
ti sa o jej vyuziti v urbdnnom kontexte zvycajne uvazuje len ako
o pomocnej forme vykurovania, a to okrem uvedenych logistic-
kych problémov aj kvéli problémom so znecistenim ovzdusia,
ktoré sposobuju malé prachové Castice.
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Biomass can be burned for heat, releasing the previously bound
carbon back into the atmosphere. Whether this can be considered
“carbon neutral” depends on the adopted timeframe and is heavily
debated, but it is better than burning fossil fuels. Unlike solar and
wind energy, it is a storable form of energy generation. Thus, it
optimally complements fluctuating energy sources. Compared to
fossil fuels such as coal or heating oil, however, it has the disadvan-
tage of lower energy density, (i.e. less usable energy per kilogram
fuel), which means increased storage, space, and transportation
requirements. Compared to natural gas, its combustion has higher
emissions and lower efficiency. Complex transport logistics for
procurement and delivery must also be considered. In urban
contexts it is nowadays typically only considered as an auxiliary
form of heating due to problems with small particulate matter in the
exhaust on top of the aforementioned logistical challenges.

Obrazok 57 Elektraren na biomasu, ktora vyuziva trdvu a drevnu stiepku, Foto: Kyle Spradley © 2014 — Curators of the University of Missouri

Figure 57 Biomass power plant using grass and wood chips, Photo by Kyle Spradley © 2014 — Curators of the University of Missouri

6.2.4 Odpadové teplo z priemyselnych a obchodnych procesov

Waste heat from industrial and commercial processes

Niektoré priemyselné a komer¢né vyuzitie v okrese moze po-
skytovat d'al$ie odpadové teplo, ktoré sa méze zhromazdovat
a vyuzivat na vykurovanie priestorov a pripadne na ohrev TUV
v zavislosti od dostupnej teploty odpadového tepla. Typické moz-
nosti zahriaju:
- Supermarkety: Vysoké a konstantné chladiace zatazenie
vytvdra velky potencidl pre zékladné teplo pri V60 °C
- Serverové farmy: ESte stabilnejSia a vySSia teplota ako v su-
permarketoch
« Prdcovne: Odpadové teplo méa vysoku teplotu az 50 °C,
ale je k dispozicii len pocas prevéddzky, ¢o vylu¢uje vikendy
a sviatky
« Pekdrne: Horuci vzduch prendsa menej tepla ako odpadova
voda
- Priemyselné procesy zahfmajulce vykurovanie a spalovanie:
Mnozstvo a teplota zdvisia od procesu a od toho, ¢i a kedy je
zariadenie v prevddzke.

Some industrial and commercial uses in a district might provide
additional waste heat that can be collected and used for space
and possibly DHW heating depending on the available waste heat
temperature. Typical potentials include:
- Supermarkets: High and constant cooling loads create large
potentials for base heat at ¥60°C
- Server farms: Even more stable and higher temperature than
from supermarkets
- Laundries: Waste heat has high temperatures upwards of
50 °C but is only available during operation, which excludes
weekends and holidays
- Bakeries: Hot exhaust air, which carries significantly less heat
than wastewater
- Industrial processes involving heating and or combustion:
Quantity and temperature depend on the process and if and
when the plant is in operation.
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Bohuzial, tieto zdroje su velmi situacné a zvycajne si vyzaduju
$pecidlne cielené riesenia zberu, ktoré mdzu byt drahé a technic-
ky zlozité. Najvacsim problémom vsak zvycajne je, Ze dostupnost
takychto zdrojov nemozno zarucit, ak — z akéhokolvek dévodu

— prestane fungovat stvisiaca hospodarska ¢innost. Uskutoc¢nitel-
nost takychto systémov preto vo velkej miere zavisi od dosiah-
nutelnych dlhodobych zmltv o pouzivani, a ak to nie je mozné,
Casto je potrebny zdlozny zdroj vykurovania, ako je plynovy kotol
alebo kotol na biomasu, ¢o zvySuje naklady. Napriek tomu existuje
niekolko prikladov, ktoré preukdzali uspesnu realizciu nizko-
teplotnych vykurovacich sieti vyuzivajucich odpadové teplo zo
serverovych fariem a inych zdrojov, ako napriklad Svajciarsky FGZ
Zurich Friesenberg.

6.2.5 Vyuzivanie odpadu
Waste utilization

Vyuzivanie odpadu sa zvycajne realizuje prostrednictvom spalov-
ni odpadu s kombinovanou vyrobou tepla a elektrickej energie,
ktoré napdjajui mestsku elektricku siet a siet dialkového vykuro-
vania, ¢im dosahujud bezkonkurenénu Gcéinnost a vykon. Vzhladom
na logisticku a technicku zlozitost takychto zariadeni je tento
potencidl obnovitelnych zdrojov zvy¢ajne mimo kontroly vsetkych,
okrem najvacsich okresnych miest.

Existuju vSak aj dalSie potencidly: rekuperdcia odpadového
tepla z odpadovej vody méze pokryt priblizne 20 az 40 % zosté-
vajlceho tepla. Centrdlne sa to da dosiahnut instaldciou vymen-
nika tepla v centrdlnom odpadovom potrubi Stvrte. Vzhfadom na
nizku teplotu rekuperovaného tepla, ktora sa pohybuje medzi
15 az 25 °C, ho v8ak mézu vyuzivat prakticky len Stvrte s nizkotep-
lotnym vykurovacim systémom, najlepSie vo forme nizkoteplotnej
vykurovacej siete, do ktorej sa bude dodévat.

V slcasnosti existuju aj pomerne nové decentralizované
systémy na Urovni jednotlivych bytovych jednotiek, ktoré ¢ast
tepla zo sprchy dodavaju spat do zdsobnika teplej vody prostred-
nictvom vymennika tepla v podlahe sprchy.

ENERGETICKY PLUSOVE MESTSKE STVRTE

Unfortunately, these sources are very situational and typically
require specially targeted collection solutions, which might be ex-
pensive and or technically complex. The biggest problem though is
typically that the availability of such sources cannot be guaranteed
if — for whatever reason — the associated economic activity ceases
operation. Feasibility of such systems therefore heavily rely on
obtainable long-term usage contracts, and if that is not possible,

a back-up heating source such as a gas or biomass boiler is often
required which drives up cost.

Nevertheless, there are a few examples that have demon-
strated successful implementation of low temperature heating
networks utilizing waste heat from server farms and other sources,
such as the Swiss FGZ ZUrich Friesenberg.

Waste utilization is typically realized by combined heat and power
waste incineration plants, feeding both a city’s electric grid and
district heating network, netting an unrivalled efficiency and perfor-
mance. Due to the logistic and technical complexity of such plants,
this renewable potential is typically outside the control of all but the
largest district developments.

But there are other potentials remaining: Waste heat recu-
peration from wastewater canals can net around 20 to 40% of the
remaining heat. Centrally, this can be done by installing a heat
exchanger in the district’s central wastewater canal. However, due
to the low temperature of the recuperated heat of between 15 to
25°C, it can virtually only be used by districts with a low tempera-
ture heating system, preferably in the form of a low temperature
heating network to feed into.

Today, there also exist relatively new decentral systems on
individual housing unit level, that feed part of the shower heat back
into the hot water tank by heat exchanges in the shower floor.

Studend voda
Cold water

Predohriata voda
Pre-heated water

Tepld voda
Hot water

Odpadovd voda
Drain water

Obrazok 58 Rekuperdcia tepla z odpadovej vody v najucinnejsej konfigurdcii ,rovnomerného prietoku*, Wikimedia Commons

Figure 58 Waste Water Heat Recovery in the most efficient ‘equal flow’ configuration, Wikimedia Commons
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Kvalita vnutorného prostredia patri spolu s energetickou hospo-
ddrnostou k hlavnym parametrom pasivnych domov. Technika
nevyhnutnd na pripravu teplej vody a vykurovanie, chladenie

a vetranie je slcastou konceptu pasivnych domov.

71 Tepelné cerpadlo
Heat pump

Castym zdrojom tepla a teplej vody v pasivnom dome je tepelné
Cerpadlo, ktoré vyznamnym spdsobom znizi spotrebu el. energie
pri vyrobe tepla a teplej vody, ¢o umoZiuje samotny princip tepel-
ného Cerpadla.

Prvym konstruktérom tepelného Cerpadla bol slovensky
roddk Aurel Stodola (1859 — 1942). Jeho tepelné ¢erpadlo z roku
1928 dodnes pracuje vo Svajéiarsku a vykuruje radnicu v Zeneve
s odoberanim tepla z vody jazera (ide o uzavrety okruh).

Pozndme tri typy tepelnych Cerpadiel:

Tepelné Cerpadlo zem/voda vyuziva zemné teplo, ktoré sa
v primdrnom okruhu odoberd prostrednictvom zemnych vrtov ale-
bo tzv. ploSnych kolektorov, (alt. zemné kose). Takto vybudovany
zdroj energie mad vysoku spolahlivost a zivotnost. Ma vyborny po-
mer vynaloZenej a ziskanej energie, tzv. COP. Existuje aj moznost
vyuzit teplotu média v primdrnom okruhu na pasivne chladenie.

Tepelné Cerpadlo vzduch/voda vyuZiva pre ziskanie energie
vonkajsi vzduch. Pocas zimného obdobia pri minusovych teplo-
tdch vzduchu je potrebné zapoijit do systému elektricky ohrev, ¢o
zniZzuje efektivnost prevddzky. Taktiez je nevyhodou moznd vyssia
hlu¢nost vonkajsej ¢asti tepelného Cerpadla i ked je ¢asto tento
systém cenovo najpristupnejsi.

Tepelné Cerpadlo voda/voda vyuziva stabilnd teplotu pod-
zemnych alebo i povrchovych véd. Ako primdrny okruh je ¢asto
vybudovany systém studni na Cerpanie a odvddzanie ochladenej
vody. Pred zvolenim tohto typu tepelného Cerpadla je potrebné
preskumat trvald vydatnost takéhoto zdroja energie ako i kvalitu
podzemnych vod. Napriek tomu, Ze asto je teplota podzemnych
vOd vysSSia ako teplota zeme pre prvy typ tepelného Cerpadla, ne-
musi byt celkovd efektivnost vys$sia vzhladom na mozné kolisanie
teploty ako i kvality zdrojovych vod.

obnovitel'ny zdroj tepla

renewable energy source g
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The quality of the indoor environment is one of the main parame-
ters of passive houses, along with energy efficiency. The technol-
ogy necessary for hot water preparation and heating, cooling or
ventilation is part of the passive house concept.

A common source of heat and hot water in a passive house is the
heat pump, which significantly reduces the consumption of electri-
cal energy in the production of heat and hot water, which is made
possible by the heat pump principle itself.

The first designer of a heat pump was the Slovak-born Aurel
Stodola (1859-1942). His 1928 heat pump is still in operation in
Switzerland and heats Geneva'’s town hall with heat extracted from
the lake water (it is a closed circuit).

There are three types of heat pumps:

The ground/water heat pump uses ground heat, which is
extracted in the primary circuit via ground boreholes or so-called
surface collectors, (alt. geothermal baskets). An energy source built
in this way has high reliability and durability. Excellent energy input/
output ratio, the so-called COP. Possibility to use the temperature
of the medium in the primary circuit for passive cooling.

The air/water heat pump uses the outside air for energy. Dur-
ing the winter period, when the air temperature is below freezing,
it is necessary to connect an electric heater to the system, which
reduces the efficiency of operation. There is also the disadvantage
of a possible higher noise level of the outdoor part of the heat
pump, although this system is often the most affordable.

The water/water heat pump uses the stable temperature of
groundwater or surface water. A system of wells is often built as
a primary circuit to pump and discharge the cooled water. Before
selecting this type of heat pump, it is necessary to investigate the
sustainable yield of such an energy source as well as the quality of
the groundwater. Although the groundwater temperature is often
higher than the ground temperature for the first type of heat pump,
the overall efficiency may not be higher due to possible tempera-
ture variations as well as the quality of the source water.

vykurovaci systém
heating system
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Obrdazok 59 Schéma tepelného Cerpadla (PHI Darmstadt)

Figure 59 Diagram of the heat pump (PHI Darmstadt)
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7.2 Vetraci systém s rekuperaciou tepla
Ventilation system with heat recovery

Riadené vetranie so spatnym ziskavanim tepla (tzv. rekuperdciou)
je nevyhnutnou sucastou konceptu energeticky pasivnych domov.
Zabezpecuje prisun pozadovaného mnozstva ¢erstvého vzdu-
chu, filtruje ho a podla potreby ohreje. Zéroven z domu odvddza
znecisteny vzduch a v zimnom obdobi jeho teplo odovzdéva
privddzanému vzduchu. Vetracia jednotka s rekuperdciou znizuje
tepelné straty vetranim — bez ich znizenia nemozno postavit dob-
re fungujuci pasivny dom. Redlna ucinnost rekuperacie by mala
byt aspon 80%.

7.3 Kompaktna vetracia jednotka
Compact ventilation unit

Kombindciou tepelného Cerpadla a vetracej jednotky ziskame tzv.
kompaktnu vetraciu jednotku, ktora efektivne pokryva potreby
pripravy teplej vody, vykurovania, chladenia a aj vetrania.

7.4 Sinecné termicke kolektory
Solar thermal collectors

SIinecné termickeé kolektory slizia na pripravu teplej vody a zried-
kavo pre podporu vykurovania, po¢as vykurovacieho obdobia

je ich prinos pomerne maly. V lethom obdobi je obvykle tepla
nadbytok a vysokeé teploty teplonosného média prindsaju viac
komplikacii ako osohu.

7.5 SInecné fotovoltické kolektory
Solar photovoltaic collectors

Slnecné fotovoltické kolektory premiefaju slne¢né Ziarenie pria-
mo na elektrickd energiu. Su velmi dobre kombinovatelné s inymi
vyspelymi technoldgiami ako su napr. tepelné ¢erpadld. Mnohé
pasivne domy si préve touto technoldgiou zlepsuju svoju energe-
tickd bilanciu. V kombindcii s pasivnou budovou méze ist o systé-
my produkujlice viac energie nez spotrebuju.
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Controlled ventilation with heat recovery is an essential part of
the passive house concept. It ensures the supply of the required
amount of fresh air, filters it and warms it as required. At the same
time it removes polluted air from the house and transfers its heat
to the incoming air in winter. A ventilation unit with heat recovery
reduces heat loss through ventilation — without reducing this, it

is impossible to build a well-functioning passive house. The real
efficiency of heat recovery should be at least 80 %.

Combining a heat pump and a ventilation unit results in a so-called
compact ventilation unit, which efficiently covers the needs of hot
water preparation, heating, cooling and ventilation.

Solar thermal collectors are used for hot water production and
rarely for heating support, during the heating season their contribu-
tion is relatively small. In summer there is usually an excess of heat
and high temperatures of the heat transfer medium bring more
complications than benefits.

Solar photovoltaic collectors convert solar radiation directly into
electricity. They combine very well with other advanced technolo-
gies such as heat pumps. Many passive houses improve their ener-
gy balance with this technology. Combined with a passive building,
these systems can produce more energy than they consume.

Obrazok 60 Kompaktna vetracia jednotka aerosmart X2 s tepelnym ¢erpadlo zem/voda s vykonom 3,6 kW a 300 | zasobnik na tepld vodu
v pasivnom dome. (iEPD)

Figure 60 Compact aerosmart X2 ventilation unit with 3.6 kW ground/water heat pump and 300 | hot water tank in a passive house.
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Vyroba a produkcia prebytku energie z obnovitelnych zdrojov do
energeticky plusovej $tvrte pocas roka je len prva Cast pribehu.
Druhd Cast je schopnost poskytnut ju v ¢ase aktudlnej potreby

a nespoliehat sa na to, Ze siet bude vyrovnavat sezénnu nerov-
novadhu v pokryti doddvok. Problém vznikd najma pri vyrovndvani
dodavok elektrickej energie, pretoze elektrinu nemozno skladovat
v sieti, ale musi sa spotrebovat presne v ¢ase, ked sa doddva.

Ak sa stane, Ze ponuka a dopyt nie st v sulade ¢o i len v malom
rozsahu v ktoromkolvek okamihu, rozvodnad siet nie je synchro-
nizovand a hrozi jej kolaps. Preto prevddzkovatelov sieti a po-
skytovatelov sluzieb neomrzi upozornovanie pred rozsirovanim
obnovitelnych zdrojov, ktoré spésobuju nestabilitu siete a neistotu
doddvok, pretoze ich vyroba je ovela nestdlejSia a nepredvidatel-
nejsia ako doddvky z konvencnych elektrarnf.

Ocakdva sa, ze s velmi potrebnym rozsirenim tychto obno-
vitelnych zdrojov energie pre dekarbonizdciu sa tento problém
v budlicich rokoch prehibi. Najma v pripade 100 % doddvok
energie z obnovitelnych zdrojov bude miera expanzie veternej
energie a fotovoltiky dostato¢ne vysoka (nie su zriedkavé 5 az
20-ndsobné ndrasty kapacity), takze je potrebné kompenzovat
silné sezénne a denné vykyvy.

Princip vybalansovania poziadaviek si vyzaduje, aby sa jeden
alebo obidva — dopyt a ponuka — prisp6sobili natolko, aby sa
navzdjom zosuladili:

- Zmena dodavky: Mbze byt upravend len niektorymi konvenc-
nymi elektrariami, ktoré by sice paradoxne mali byt zatvo-
rené: Zemny plyn, uholné a ropné elektrdrne. S vyznamnou
vynimkou precerpdvacich vodnych elektrdrni sa obnovitelné
zdroje energie nedaju takto regulovat. V najhor$om pripade
je potrebné obnovitelné zdroje obmedzit, aby nedoslo k pre-
tazeniu siete.

- Uskladovanie zdsob na obdobie dopytu: V pripade sezénne-
ho uskladrovania je toto rieSenie vac¢sinou nelnosne drahé,
najma ak sa vyuziva len raz ro¢ne.

- Presun dopytu na obdobie ponuky: VSetky tieto pojmy sa
zvycajne oznacuju ako ,riadenie dopytu®, ,presun zataze“

a “energeticka flexibilita“, ¢o znamend zmenu dopytu po

energii na cas, ked je to vhodnejsie. Tradi¢ne sa takéto

rieSenie dosahovalo so stimulmi cenovych signdlov z4vis-
lych od casu, ale s rozvojom PED je to ¢oraz aktudlnejsie aj

s ciefom minimalizovat suvisiace emisie sklenikovych plynov

a maximalizovat vyuzivanie obnovitelnych zdrojov energie:

Vyuzivajte elektrinu, ked svieti sinko a fuka vietor, a snazte

sa ju inak Setrit.

8.1 Uskladnovanie energie

Energy Storage

elektrickd batéria
electrical battery

vysoko-teplotné tuhé tlozisko
high-temperature solid-storage

zasobnik na soldrny ohrev vody
solar-steel-storage (solarbuffer)

zemny zasobnik soldrnej energie
solar-earth-storage

termadlna aktivacia hmoty budovy
thermal building mass activation
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Generating and supplying the Positive Energy District with an an-
nual surplus of renewable energy is just half of the story. The other
half is being able to provide this at the actual time of need and not
relying on the grid to balance out seasonal mismatches in supply
coverage. The problem arises in electricity matching in particular,
as electricity cannot be stored in the grid, but must be used exactly
at the time it is provided. If supply and demand is mismatched at
any time by even a fraction, the grid gets out of sync and is at risk
of collapse. This is why grid operators and utility providers do not
get tired of warnings about renewable expansion causing grid in-
stability and supply insecurities as their yield is much more volatile
and unpredictable than that of conventional power plants.

With the much-needed expansion of these renewables for
decarbonization, this problem is expected to grow in future years.
Especially for a 100 % renewable energy supply, expansion rates of
wind power and PV will be high enough (magnitudes 5 to 20-fold
capacity increases are not uncommon), that strong seasonal and
diurnal fluctuations must be compensated.

The principle of load-matching requires that one or both —
demand and supply needs to be adjusted to match each other:

- Shifting supply: Can only be adjusted by some conventional
power plants, which ironically should be closed: Natural gas,
Coal and oil power plants. With the notable exception of
pumped hydro, renewable energy sources are not control-
lable in this way. In the worst case, renewables need to be
curtailed to not overload the grid.

. Storage of supply for times of demand: Is mostly prohibitively
expensive, especially for seasonal storage that is only utilized
once per year.

- Shifting demand to times of supply: Typically referred to as
“Demand side management”, “load shifting” and “Energy
flexibility”, which all mean changing some energy demand to
times, where it is more opportune. Traditionally, this was done
with incentives of time-dependent price signals, but with the
advent of PEDs, this is increasingly also done with the goal of
minimizing associated GHG emissions and maximizing renew-
ables uptake: Use electricity when the sun is shining, and the
wind is blowing and try to conserve it otherwise.

Obrazok 61 Aku kapacitu Uloziska je mozné ziskat za 100 € (2017)
Figure 61 How much storage capacity can be obtained for 100 € (2017)
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V podstate mozno rozlisit 4 rézne formy uskladriovania elektric-
kej energie. Existuju mechanické systémy skladovania, ako su
systémy skladovania s ¢erpanim alebo stlacenym vzduchom,
elektrochemické systémy uskladriovania, ako st akumuldtory
alebo technolégia power-to-gas, tepelné systémy skladovania
a napokon elektrické systémy skladovania, ako su kondenzétory
a cievky. Hlavnymi charakteristikami skladovania elektrickej ener-
gie su dva parametre:
. Kapacita, t. j. kolko energie mozno uskladnit
- Nabijaci a vybijaci vykon, t. j. ako rychlo mozno energiu
uskladnit alebo vybit.
«Ucinnost nabijania a vybijania
. Strata ndboja v priebehu ¢asu
- Degradécia v priebehu ¢asu a pouzivania pri skladovant,
zvyCajne merand v nabijacich cykloch, kym sa nedosiahne
polovi¢na kapacita.

V pripade skladovacej kapacity sa rozliSuje medzi nomindinou
a uzito¢nou kapacitou. Zatial ¢o nomindlna kapacita uddva, kolko
energie mozno teoreticky uskladnit, uzito¢na kapacita udava,
kolko z nej mozno skuto¢ne vyuzit. Dovodom je, ze niektoré tech-
noldgie skladovania sa nesmu Uplne vybit, pretoze v opa¢nom
pripade sa negativne ovplyviiuje Zivotnost. Hibka vybitia udéva,
do akej miery sa moze zdsobnik vybit. Pri porovndvani dloznych
technoldgii alebo vyrobkov by ste mali pouzivat efektivnu kapa-
citu a kapacitu nabijania a vybijania a predovsetkym Zivotnost,
zvycajne oznacovanu v rokoch alebo v nabijacich cykloch, ktoré
zodpovedaju Uplnému nabitiu a vybitiu tloznej jednotky. Uplny
cyklus moze pozostdvat aj z niekolkych ciastkovych cyklov.
Dal$im dolezitym faktorom je, ako efektivne sa energia ukla-
dd a kolko sa jej stréca. V kazdom systéme skladovania dochddza
k stratdm, ¢i uz v désledku samovybijania, pocas konverzie alebo
v désledku vlastnej spotreby, napr. v pripade regulatora alebo
systému riadenia batérie. V zdvislosti od technoldgie sa stupen
vyuzitia méze vyrazne liSit, a to od 25 do 95 %.

8.1.1 Batériové uloziska
Battery Storage

Pouzivaju sa ako klasické strednodobé zasobniky na uskladnenie
elektrickej energie na niekolko hodin az niekolko dni. Existuje
niekolko réznych technoldgii akumuldtorov, napr. zname litium-io-
nové batérie, vysokoteplotné batérie, ako su sodikovo-sirové
batérie, ktorych prevadzkova teplota je priblizne 300 °C, alebo
redoxné a hybridné prietokové systémy, v ktorych sa energia
uchovava v elektrolyte.

V poslednych rokoch sa olovené batérie ¢oraz viac nahra-
dzaju litiovo-iénovou technoldgiou. Litium-iénové batérie su viak
len sihrnnym pojmom pre v8etky batérie na bdze zlic¢enin litia.
Bez ohladu na rézne konstrukcie st vyhodami litium-iénovych
batérii predovsetkym vysoka ucinnost a vysoka cyklicka stabilita
v porovnani s olovenymi batériami. Naklady, ktoré diho brzdili
pouzivanie batérii, v poslednych rokoch tiez prudko klesli alebo
budu klesat aj nadalej. Najva¢sou nevyhodou je nedostato¢na
vnutornd bezpedénost: MéZu sa prehrievat a sposobit poziar alebo
vybuch. Preto si litium-idnové batérie vyzaduju vnutorné ochranné
obvody aj systém riadenia batérie, ktory monitoruje prevadzku
a zabranuje prehriatiu. Litium-Zelezofosfatové akumuldtory sa naj-
viac pouzivaju ako domdce uloziskd, pretoze ponukaju najmensie
riziko prehriatia.

ENERGETICKY PLUSOVE MESTSKE STVRTE

In essence, 4 different forms of storage for electrical energy can
be differentiated. There are mechanical storage systems, such
as pumped or compressed air storage systems, electrochemical
storage systems, such as accumulators or power-to-gas technolo-
gy, thermal storage systems and, finally, electrical storage systems,
such as capacitors and coils. The main characteristics of electricity
storage are two parameters:
» The capacity, i.e.,, how much energy can be stored
« The charging and discharging power, i.e., how quickly energy
can be stored or discharged.
- The efficiency of charging and discharging
« The loss of charge over time
» The degradation over time and storage use, usually measured
in charging cycles until half capacity is reached.

In the case of storage capacity, a distinction is made between
nominal and useful capacity. While the nominal capacity indicates
how much energy can theoretically be stored, the useful capacity
indicates how much of it can actually be used. The reason for this
is that certain storage technologies may not be fully discharged,
as otherwise the service life is negatively affected. The depth of
discharge indicates how far a storage unit may be discharged.
Comparing storage technologies or products, you should use the
effective capacity, and the charging and discharging capacity and
most importantly lifetime, typically denoted in years or in charging
cycles, which correspond to a complete charging and discharging
of the storage unit. A full cycle can also consist of several partial
cycles.

Another important consideration is how effectively energy
is stored, and how much is lost. Losses occur in every storage
system, whether due to self-discharge, during conversion or due
to self-consumption, e.g., for the controller or the battery manage-
ment system. Depending on the technology, the degree of utiliza-
tion can vary significantly, between 25 and 95 %.

Are used as classic medium-term storage devices to store elec-
tricity for a few hours up to a few days. There are several different
battery storage technologies, e.g., the well-known lithium-ion
batteries, high-temperature batteries such as the sodium-sulfur bat-
tery, whose operating temperature is around 300 °C, or redox and
hybrid flow systems, in which the energy is stored in an electrolyte.
In recent years, the lead battery has been increasingly re-
placed by lithium-ion technology. However, lithium-ion batteries are
only an umbrella term for all batteries based on lithium compounds.
Regardless of the different designs, the advantages of lithium-ion
batteries are primarily the high efficiency and the high cycle
stability compared to lead-acid batteries. Cost — long an inhibitor
of battery usage — has also fallen sharply in recent years or will
continue to do so. The biggest disadvantage is the lack of intrinsic
safety: They can overheat and cause fire or explosion. Therefore,
lithium-ion batteries require both internal protection circuits and
a battery management system to monitor operation and prevent
overheating. Lithium iron phosphate storage is most used as home
storage, as this offers the least risk of overheating.

POSITIVE ENERGY DISTRICTS

79

8.1.2 Dlhodobé skladovanie elektrickej energie prostrednictvom vodika a ,,Power to gas“
Long-term storage of electricity via Hydrogen and “Power to gas”

Na uskladnenie energie na dlhSie obdobie su elektrické batérie
prili$ ndkladné a ndroéné na zdroje — zatial. Dal$ou alternativou
je skladovanie vodika. Vodik sa vyraba v elektrolyzéri pomocou
elektrickej energie a musi sa skladovat v jaskyniach alebo stld¢at
v tlakovych nddobdch — ako plyn ma relativne nizku energeticku
hustotu. V pripade potreby sa vodik moze opét premenit na elek-
tricku energiu prostrednictvom technoldgie palivovych ¢lankov.
Nevyhodou je nizka celkova Ucinnost (z elektrickej energie na
vodik a spat), ktora sa pohybuje okolo 50 %, a relativne vysoké
ndklady, ktoré sa pri mensom rozsahu len zvySuju. Vodik je vSak
velmi univerzalny a vysokokvalitny nosi¢ energie, ktory mozno
vyuzit v kfic¢ovych aplikacidch nahradzajdcich zemny plyn, ako je
vysokoteplotné procesné teplo (napr. v oceliarnach) a ako zdklad
pre letecké palivo. Vodik ako alternativa skladovania a premeny
na elektrickd energiu sa v zdsade mdze vyuzivat aj na mobilitu
alebo sa moze dodavat do siete zemného plynu, ale nemal by sa,
pretoze tu existuju lacnejsie a efektivnejsie alternativy.

Tento proces mozno posunut o krok dalej premenou vodika
na metdn v procese oznac¢ovanom ako ,power-to-gas“. Metdn
sa moze priamo pouzit ako ndhrada zemného plynu a vyuzivat
aj rovnakeé skladovacie zariadenia, ktoré su zvyc¢ajne dostupné
v hojnom mnozZstve, na rozdiel od vodika, ktory sa musi uchovavat
pod ovela vysSim tlakom. Mnohé krajiny, najma ak ich vykurovaci
systém vo velkej miere zavisi od zemného plynu, maju sklado-
vacie kapacity vo velkosti ro¢nej spotreby elektrickej energie.
Nevyhodou tohto systému skladovania su vysoké naklady a velké
rozmery zariadeni Power2Gas a ich nizka ucinnost v okruhu pri-
blizne 30 — 40 %.

8.2 Energeticka flexibilita
Energy Flexibility

Najma v husto zastavanych mestskych a existujlcich Stvrtiach je
aktudlna otdzka, ¢i ma zmysel vyrdbat vSetku energiu v samotnej
Stvrti, ked’Zze iné, najma vidiecke oblasti vo vnutrozemi budd mat
¢asto prebytok obnovitelnych zdrojov energie vo forme veternej
a vodnej energie, najma v buducnosti, ked sa tieto zdroje vyrazne
rozsiria. To vyvoldva otdzku, ako sa tieto nestdle regiondlne do-
stupné obnovitelné energie daju najlepsie vyuzit, aky konkrétny
prinos tu mézZu mat Stvrte a ako sa da tento prinos vyhodnotit.
Vsetky Uvahy vedu v kone¢nom désledku k problému alokacie.
VSeobecne dostupné regiondlne OZE musia byt tiez regiondlne
vyvdzené a vSeobecne dostupné pre vsetky energetické potreby
regionu podla ,alokac¢ného kluca“, aby sa predislo tomu, Ze jed-
notlivé ¢asti budu nadmerne vyuzivat dostupné zdroje a zvys$ok
bude mat staZenu situdciu. Vyuzivanie vseobecne dostupnych
zdrojov sa musi vhodnym spdsobom rozdelit medzi sektorové
potreby priemyslu a polnohospodarstva, mobility a budov. Tento
proces musi byt riadeny na vyssej urovni.

To store energy for a longer period, electric batteries are too costly
and resource intensive — yet. Another alternative is hydrogen
storage. Hydrogen is produced by an electrolyzer using electrical
energy and must be stored in caverns or compressed in pressure
vessels — as a gas its energy density is relatively low. If required,
the hydrogen can be converted back into electrical energy via
fuel cell technology. Disadvantages are the low overall round-trip
efficiency (from electricity to hydrogen and back) of about 50 %
and the relatively high costs, which is only exacerbated at small-
er scale. However, hydrogen is a very versatile and high-quality
energy carrier that can be utilized in key applications replacing
natural gas, such as high temperature process heat (e.g., in steel
mills) and as base for aviation fuel. As an alternative to storage and
reconversion to electricity, hydrogen can in principle also be used
for mobility or fed into the natural gas grid, but should not, because
here, there are cheaper and more effective alternatives.

This can be taken one step further by converting hydrogen
into methane in a process referred to as “power-to-gas”. Methane
can directly be used to substitute natural gas and also use the
same storage facilities, which are typically available in abundance,
unlike hydrogen, which needs to be kept at much higher pres-
sures. Many countries, in particular if their heating system heavily
relies on natural gas, have storage capacities in the magnitude of
the annual electricity consumption. Downside of this storage sys-
tem is the high costs and large size of Power2Gas plants and their
low round-trip efficiency of about 30 to 40%.

Particularly in densely built urban and existing neighborhoods, the
question quickly arises as to whether it makes sense to generate
all of the energy in the neighborhood itself, since at the same time
other, especially hinterland rural areas will often have a surplus

of renewables in the form of wind and hydropower, especially in

a future where these have been greatly expanded. This raises
the question as to how these volatile regionally available renew-
able energies can best be used, and what concrete contribution
neighborhoods can make here, and how this contribution can be
evaluated. All considerations lead in the last consequence to an
allocation problem. Generally available regional RES must also be
regionally balanced and generally available to all energy needs
of the region according to an allocation key, in order to prevent
individual parts from overusing the available resources and leaving
a more difficult situation for the rest. The use of what is generally
available must be divided between the sectoral needs of industry
and agriculture, mobility and buildings through appropriate effort
sharing. This must happen at a higher level.
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Integrdcia externej nestdlej elektrickej energie z obnovitel-
nych zdrojov, ktord by nebolo mozné integrovat bez vhodnych
stratégii a predpisov, je zédkladnym cielom energetickej flexibility
PED. V rdmci Stvrte je mozné potencidl flexibility kategorizovat
takto:

- Elektrické spotrebice: Denny harmonogram je mozné prisp6-
sobit priebehu produkcie elektriny z fotovoltiky

. Zasobniky elektrickej energie a tepelnej energie sa mézu
plne nabit len vtedy, ked je k dispozicii prebytok energie
z OZE

- Nabijanie elektrickych vozidiel (EV) pri prebytku OZE

. Elektrické vozidlo (EV) sa vybija ako batéria: ,obojsmerné
nabijanie®, batérie EV sa mézu v obmedzenej miere vyuzi-
vat na podporu potrieb elektrickej energie v rdmci Stvrte vo
vecernych hodindch. V stc¢asnosti sa o tom diskutuje len
teoreticky a tlto prevddzku podporuje len maly pocet EV.

. Uzivatel'ska flexibilita: pouZzivatelia reaguju na obdobie nizsej
ponuky OZE zmenou a znizenim svojho dopytu po energe-
tickych sluzbdch: Akceptovanim docasnej zmeny vnutornej
teploty, nizsej teploty vody, zniZzenia intenzity osvetlenia atd.
Rozhodujlce je, Ze tieto docasné zmeny je mozne uplatnit aj
bez negativneho vplyvu na uzivatela:

Fyzikdlny zdklad pre flexibilnt prevddzku budov je uvedeny v IEA
EBC, priloha ¢. 67 o energeticky flexibilnych budovach®: Najma

tepelné akumula¢né hmoty budov a stvrti s dostato¢nou tepelnou
izoldciou a masivnymi konstrukénymi prvkami mézu viest k vyznam-
nym niekolkodnovym posunom, pocas ktorych si systém méze vol-

ne zvolit na¢asovanie vyuzitia energie na vykurovanie a chladenie®'.

Princip je schematicky zhrnuty v nasledujicej schéme:

ENERGETICKY PLUSOVE MESTSKE STVRTE

The integration of external volatile renewable electricity,
which could not be integrated without appropriate strategies and
regulations, is an essential goal of the energy flexibility of PEDs. In
a district, the flexibility potentials can be categorized as follows:

- Electric appliances: Diurnal schedules can be adapted for
generation patterns from Photovoltaics

- Electric and Thermal storages can be fully charged only when
there is an overabundance of RES

- Electric Vehicle (EV) Charging when there is an overabun-
dance of RES

- Electric Vehicle (EV) discharging as a battery: “Bi-directional
charging®, EV batteries can be used to a limited degree to
support district electricity needs during the evening hours.

This is currently only discussed theoretically and only a small

number of EVs support this operation, as the user

- User flexibility: users react to times of lower renewable supply
with shifting and reducing their demand for energy services:

By accepting temporarily changing indoor temperatures, low-

er hot water temperatures, less lighting etc. Crucially, this can

also be organized without negatively affecting the user:

The physical basis for flexible building operation is presented in
IEA EBC Annex 67 on energy-flexible building®®: In particular, the
thermal storage masses of buildings and districts, with appropri-
ately good thermal insulation and heavy building components, can
lead to significant displacement periods of several days, during
which the system can freely choose the timing of its energy use for
heating and cooling®. The principle is schematically summarized in
the following diagram:

Energeticky plusové stvrte pontkaju Siroké moznosti flexibility a uskladnenia energie

PEDs can offer a wide range flexibility and storage options
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Obrazok 62 Schematické znazornenie mozného zabezpecenia energetickej flexibility v ramci Stvrte: Flexibilné prispésobovanie teploty v miestnostiach
v rozpéti, ktoré je vhodné pre uzivatelov. Cim vySSia je kapacita tepelne aktivneho komponentu, tym neskdr nastupuje potreba energie na vykurovanie
a chladenie. E-mobilita a systémy na termalnu akumuldciu teplej vody v zdsobniku tiez ponukaju moznosti na zvysenie flexibility spotreby energie.

Figure 62 Schematic representation of possible provision of energy flexibility in the district: Flexible determination of room temperatures within a range of

fluctuation that is reasonable for the users. The higher the thermally active component mass, the greater the possible displacement period for the energy

required for heating and cooling. E-mobility and thermal hot water and buffer storage systems also offer opportunities to make energy consumption more
flexible.

60 A. Knotzer, T. Weiss, A. S. Metzger, und W. Kastner, "IEA Energie in Gebduden und Kommunen (EBC) Annex 67: Energie-flexible Gebaude", S. 76, 2019.
T. WeiB3, A. M. Fulterer, und A. Knotzer, "Energy flexibility of domestic thermal loads — a building typology approach of the residential building stock in Austria", Advances in

Building Energy Research, S. 1-16, 2018, doi: 10.1080/17512549.20171420606.

61 R. G. Junker u. a., "Characterizing the energy flexibility of buildings and districts", Applied Energy, Bd. 225, S. 175-182, Sep. 2018, doi: 10.1016/j.apenergy.2018.05.037.

POSITIVE ENERGY DISTRICTS

Doélezité je, aby sa uz pri pldnovani stvrte vytvoril vhodny ndvrh
systému sluzieb v budove, ktory sa da v tejto podobe flexibilne
prevadzkovat. ¢2

Flexibilitu energetiky v rdmci $tvrte mozno rozdelif do dvoch
kategdrii, ktoré zodpovedaju suvisiacim vnutornym a vonkajsim
vplyvom: Prvym a bezprostrednym dopadom pre samotnu Stvrt je
znizenie $pic¢kovych poziadaviek a lepsie vybalansovanie poZiada-
viek na energie. To znamen4, Ze je menej ¢asovych Usekov, kedy
dochdadza k spickovému odberu energie, pretoze $picky réznych
kategdrii budov nastdvaju v odlisSnych ¢asovych Usekoch a ich za-
tazenie sa tak vyrovndva. To sa ndsledne premietne do ekonomic-
kych vyhod, pretoze doddvatelské systémy su navrhnuté tak, aby
zvladali $pi¢kové zatazenie, a mensie Spickové zatazenie zname-
na potrebu menej vykonného, a teda lacnejSieho zariadenia. To je
dalsi dévod preco stavat energeticky efektivne, kvalitne izolované
budovy s akumula¢nou hmotou, pretoze ich Spickova energetickd
potreba sa zvycajne priblizuje k priemernej spotrebe.

Dal$i t¢inok flexibilnej prevadzky Stvrte moze viest k vy-
hoddm pre okolitd energeticku sustavu, ako je poskytovanie
rezervnych zdsobnikov a potencidl na presun zatazenia, poZa-
davkami na energie. To znamend, ze v rdmci Stvrte je mézné
uskladnovat elektrickd energiu z okolitych regiondinych veternych
turbin, napriklad ked' je k dispozicii, tym, ze poskytuje vykurovanie
Stvrte. Takéto vyuzitie prebytkov vyroby z obnovitelnych zdrojov
moze byt lacnejsie a umozni nestdlejSim veternym a soldrnym
elektrarnam zostat pripojenym k sieti, ked’ vyrdbaju viac, ako je
bezprostredne potrebné.

Vonkajsie poziadavky na energeticku flexibilitu je vsak po-
trebné nahldsit do energetického systému $tvrte. Hoci v zdsade
by bolo mozné vyslat akykolvek signdl, vo vyskume a praxi sa
najviac vyuzivali cenové signdly. Ich hlavnou vyhodou je zvycaj-
ne to, Ze su lahko dostupné, lahko sa pouzivajui a komunikuju.
Nevyhodou vsak je, Zze ceny odrazaju len dopyt po flexibilite, a nie
potencidl flexibility ponuky samotnej Stvrte.

V rdmci koncepcie PED a idey energeticky plusovej bilan-
cie existuje moznost zahrnut do nej aj hodnotenie energetickej
flexibility. Myslienka hodnotenia energetickej flexibility v energe-
tickej bilancii je jednoduchad: Prostrednictvom vhodne navrhnutych
vdhovych faktorov su energetické importy a exporty v rdmci Stvrte
vdzené stiborom c¢asovo vysoko rozlisenych véahovych faktorov,
zvycajne hodinovych, ktoré odrazaju pouzitelnost energetického
importu/exportu v danom c¢ase pre externd siet.

V tomto kontexte je energeticka flexibilita sluzbou Stvrte pre
svoje okolie, aby sa do celkového energetického systému zacleni-
lo viac obnovitelnych zdrojov energie. Preto je dblezité, aby sys-
tém vdhového hodnotenia urcoval aj okolity energeticky systém,
a nie navrh dizajnu Stvrte. Namiesto toho by mal komunikovat aky
je dopyt po flexibilite a ponuke medzi Stvrtou a “vnutrozemim®.

Z hladiska prevadzky to moze mat niekolko ndsledkov:

- Simulécia prechodnych energetickych tokov vratane e-mobi-
lity (@aspon hodinova)

- Hodinové vyrovnévanie zatazenia s prislusnymi vdhovymi
faktormi

. Zahrnutie energeticky flexibilnych regulacnych schém a DSM
na zvysenie vyuzitia nestdlych OZE a zvySenie hodnotenia

PED.

. Zahrnutie potencidlu akumulacie tepla v budovach na zvyse-
nie vyuzitia nestabilnych OZE a zvysenie hodnotenia PED.

81

It is important that an appropriate design of the building services
system is already made during the neighborhood planning, which
can be operated flexibly in this form.5?

District Energy flexibility can be divided into two categories of
district internal and external effects: The first and immediate effects
for the district itself is the reduction of peak power demands and
increased load balancing. This means that there are less times
where energy demands peak because the peaks of different build-
ings happen at slightly different times and their load balances out.
This in turn translate to economic benefits because supply systems
are designed to handle peak loads and smaller peak loads mean
smaller and thus cheaper equipment. This is another reason for
well-insulated and high-mass buildings, because their peak load is
typically much closer to their base load.

The second and more intermediate effect of flexible district
operation can lead to benefits for the surrounding energy system,
such as providing buffer storages and load shifting potential. This
means that the district can store electricity from the surrounding
regional wind turbines for example when it is available by heating
up the district. This use of renewable surplus production can be
cheaper and allow more volatile wind and solar plants to stay con-
nected to the grid when they produce more than is immediately
necessary.

The external requirements of energy flexibility need to be
communicated to the district energy system though. Although in
principle any kind of signal would be possible, the most predom-
inant in research and practice was the use of price signals. Their
main advantage is typically that they are readily available, easy to
use and communicate. The downside however is that prices reflect
only the flexibility demand and not the flexibility supply potential of
the district itself.

Within the PED concept and it’s idea of a positive energy
balance, there is the opportunity to also include an assessment of
the energy flexibility in it: The idea of assessing energy flexibility
in the energy balance is simple: Through appropriately designed
weighting factors the energy imports and exports of the districts
are weighted with a set of temporally highly resolved weighting
factors, typically hourly, that reflect the usefulness of the energy
import / export at that given time for the external grid.

In this context, energy flexibility is a service of the district to
its surrounding to incorporate more renewables into the overall
energy system. As such, it is important that the assessment weight-
ing scheme is therefore also a determination of the surrounding
energy system and not a design choice of the district. Instead, it
should communicate flexibility demand and supply between district
and the “hinterland”.

This can have several implications in terms of operationaliza-
tion.

- Transient Simulation of energy flows including e-mobility (at
least hourly)

- Hourly load balancing with appropriate weighting factors

- Inclusion of energy flexible control schemes and DSM to
increase utilization of volatile RES and increase PED assess-
ment.

« Inclusion of building thermal storage potential to increase
utilization of volatile RES and increase PED assessment.

62 Y. Zhou und S. Cao, "Energy flexibility investigation of advanced grid-responsive energy control strategies with the static battery and electric vehicles: A case study of
a high-rise office building in Hong Kong" (Pripadova stldia vyskovej administrativnej budovy v Hongkongu), Energy Conversion and Management, Bd. 199, S. 111888, Nov.

2019, doi: 10.1016/j.enconman.2019.111888.
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Pokial ide o energiu, na drovni $tvrte je vhodné vytvorit alterna-
tivnu koncepciu zdsobovania, ktord by zohladfovala aj sektor
mobility a pripadne technolégie skladovania energie.
Mozné by bolo napr:
- mikrosiet v podobe energetickej komunity,
- vyuzivanie kombinovanej tepelnej a elektrickej elektrdrne
alebo
. komplexné riadenie na strane dopytu.

Lokdlne vyrobend elektrickd a tepelna energia alebo odpadové
teplo ¢i chlad sa méZu prepravovat medzi budovami. Pristup
zalozeny na spoluprdci vedie k zvySeniu efektivnosti v porovnanf{
s Uroviou budovy a méze tak usetrit energiu a peniaze. Okrem
toho su vacsie systémy Specificky lacnejSie z hladiska investic-
nych ndkladov: napriklad fotovolticky systém 100 kWp je z hladis-
ka investi¢nych nékladov vyrazne lacnejsi ako 20 samostatnych
5 kWp systémov.

V zdvislosti od toho, ¢i sa $tvrt skladd z podobnych alebo
réznych mikro $tvrti, mozno pouzit homogénne alebo heterogén-
ne S$truktury. Pritomnost kategdrii budov, ako su $koly, nemocnice,
supermarkety atd. zvySuje mozné kombindcie spOsobov vyuZitia
a zvycajne pozitivne ovplyvnuje priebeh zatazenia, t. j. ma vyrov-
navaci Uc¢inok, pretoze zataZenie sa vyskytuje v réznych ¢asoch,
¢im sa vyrovndvaju vykyvy dopytu.

Distribuc¢né siete sa vyvijali niekolko desatro¢i a z dévodu
vysokych investi¢nych ndkladov do znacnej miery urcili formu
doddvania energie. Zatial ¢o elektricka siet sa nachddza na celom
Uzemi krajiny, prinajmensom v priemyselne vyspelych krajindch,
miestne rozvody tepla a plynu si ¢asto priestorovo konkuruju.
Hybridny energeticky systém sa vSak pokusa prdve o inteligentné
prepojenie sieti elektrickej energie, tepla a zemného plynu, ktoré
nemozno analyzovat na drovni jednotlivych budoyv, ale len vo
vacsich suvislostiach, napriklad na drovni Stvrti.

ENERGETICKY PLUSOVE MESTSKE STVRTE

In terms of energy, a cross-property, alternative supply concept
that also takes the mobility sector and, if necessary, energy storage
technologies into account is a good idea at the district level.
Conceivable would be, for example:
- amicro-grid in the form of an energy community,
- the use of a combined heat and power plant or
« comprehensive demand-side management.

Locally generated electrical and thermal energy or waste heat or
cooling can be transported between buildings. The collaborative
approach leads to efficiency gains compared to the building level
and can thus save energy and money. In addition, larger systems
are specifically cheaper in investment costs: for example, a 100-
kWp photovoltaic system is significantly cheaper in investment
costs than 20 5-kWp individual systems.

Depending on whether the district is made up of similar or dif-
ferent micro-quarters, homogeneous or heterogeneous structures
can be used. The presence of special buildings such as schools,
hospitals, supermarkets, etc. increases the mix of uses and usually
influences the load profile positively, i.e., it has a balancing effect
because loads occur at different times, thus smoothing out de-
mand spikes. At the district level, distribution grids have histori-
cally evolved and largely determined the type of energy supply
for several decades due to the high investment costs. While an
electricity grid is found throughout the country, at least in industrial-
ized nations, local/district heating and gas grids are often in spatial
competition with each other. The approach of a hybrid energy sys-
tem, however, attempts precisely to intelligently link the electricity,
heating, and natural gas networks, which cannot be analysed at
the level of individual buildings, but only in larger contexts such as
at the district level.

8.3 Kladna energeticka bilancia: kombinacia vsetkého

Positive energy balance: Combining it all

Na pokrytie energetickych potrieb PED by sa mali pouzivat len
lokdlne OZE. To vSak neznamend, ze $tvrt bude pocas celého

roka ostrovne autonémna. Skoér bude fungovat tak, Ze si bude
vymienat energiu so svojim okolim.

R6zne druhy energie, ako napriklad elektrickd energia
a rOzne tepelné nosic¢e energie, su kvalitativne odlisné, aj ked sa
kvantitativne zhoduju. To znamen4, Ze v energetickej bilancii sa
zvyclajne jednoducho nespoditaju vSetky poziadavky na energie
na jednej strane a doddvky na druhej strane — pretoze smartfén si
nemozete nabijat teplou vodou — potrebujete elektrinu. Ako teda
mobzeme zhrnut véetky energetické toky Stvrte do jednej bilancie,
ak su nosic¢e energie kvalitativne odliSné a neporovnatelné?

Zvycajne sa to robi pomocou konceptu ,primdrnej energie®,
ktory meria vSetku energiu, ktord bola potrebnd v dodévatelskom
retazci na ziskanie konecnej vyuzitelnej energie (ktord sa nazyva
~konecna energia“ alebo ,konec¢né vyuzitie energie“ a vzdy sa
Specifikuje podla typu — elektrickd alebo tepelnd). Patria sem vset-
ky stroje na vrtanie, Cerpanie, rezanie, prepravu atd.

Na ziskanie primarnej energie potrebnej na akykolvek tok
energie v ramci Stvrte zvycajne pouzivame vopred vypocitané
konverzné faktory na prepocet konecnej energie, ktord vo Stvrti
pouzivame, ako je elektrina, vykurovaci olej alebo plyn, na jej
primdrnu energiu. V tomto pripade m3 elektrina zvy¢ajne naj-
vysSiu primarnu energiu s konverznymi faktormi od 1 do viac ako
3 pre stratové premeny typicky spojené s pouzivanim fosilnych
paliv na vyrobu elektriny. V stcasnosti tdto premena na primdrnu
energiu este neumoznuje vymenu tepelnej a elektrickej energie,
ale umoznuje priame porovnanie ich potrebného vykonu, a tym aj
ucinnost energetickych zdrojov.

To supply the energy demands of a Positive Energy District, only
local renewable energy sources should be used. This does not
however mean, that the district will be insularly autonomous during
the entirety of the year. Rather, it will exchange energy with its
surrounding.

Different energy types such as electricity and different ther-
mal energy carriers are qualitatively different, even if they match
quantitatively. This means that an energy balance typically does
not simply add up all energy demands on one side and supplies on
the other — because you cannot charge your Smartphone with any
amount of hot water — you need electricity. So how can we summa-
rize all energy flows of a district in a single balance, if the energy
carriers are qualitatively different and incomparable?

This is typically done with the concept of “primary energy”,
which measures all the energy, that was required in the supply
chain to obtain the finally useable energy (which is called “final
energy” or “energy end use” and always specified by type — elec-
tric or thermal). This includes all machinery for drilling, pumping,
cutting, transporting, etc.

To obtain the primary energy required for any energy flow in
the district, we typically use pre-calculated conversion factors to
convert the final energy we use in the district such as electricity,
oil or gas to its primary energy. Here, electricity typically has the
highest primary energy with conversion factors ranging from 1to
over 3 for lossy transformations typically associated with the use
of fossil fuels for electricity generation. Now, this conversion to
primary energy still does not make thermal and electric energies
exchangeable, but it allows a direct comparison of ultimate their
effort required and thus, energy resource efficiency.

POSITIVE ENERGY DISTRICTS

Primdrnu energiu pouzitl na vyrobu konec¢nej energie vo
Stvrti mozno tiez rozlisit na obnovitelné a fosilne zlozky, ¢o pouka-
zuje na jej udrzatelnost. Napriklad pri pouZiti fotovoltiky na vyrobu
elektrickej energie sa vyuziva obnovitelné sine¢né Ziarenie
(a malé mnozstvo fosilnych paliv na vyrobu samotnych panelov),
zatial ¢o pri pouziti zemného plynu na vykurovanie priestorov sa
vyuziva prevazne neobnovitelny zemny plyn.

Energeticky zdroj

Primdrna energia (PE) PE neobnovitel'nd
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The primary energy used for creating the final district energy
can also be differentiated into renewable and fossil components,
indicating its sustainability. For example, using photovoltaics to
generate electricity is using renewable sunlight (and a little bit of
fossil fuels to produce the panels themselves) whereas using nat-
ural gas for space heating is mostly using non-renewable natural
gas.

Konverzné faktory / Conversion Factors

PE obnovitel'nd CO, ekvivalenty

Energy Source Primary Energy(PE) PE non-renewable PE renewable CO, Equivalents
(-] (-] (-] [g/kWh]

Vykurovaci olej / Fossil Oil 1.20 1.20 0.00 27

Zemny plyn / Fossil Natural gas 110 110 0.00 201

Biomasa pevnd / Biomass solid 113 0.10 1.03 9

Biomasa tekutd / Biomass liquid 1.50 0.50 1.00 70

Biomasa plynna (bioplyn) / Biomass gaseous 140 0.40 1.00 100

EIektrv|cka energia (priemerny mix) . 177 0.82 0.95 171

Electrical energy (average supply mix)

Elektrickd energia (pri zmene sucasnej siete)

Electrical energy (when displacing the current grid) 254 254 0.00 544

Centralne zdsobovanie teplom z tepldrne (obnovitelné)

District heating from heating plant (renewable) 1.44 026 18 40

Centralne zdsobovanie teplom z tepldrne (ostatné)

District heating from heating plant (others) 148 1.02 046 191

Centralne zdsobovanie teplom z vysoko efektivnej

kombinovanej vyroby elektriny a tepla 105 0.00 105 84

District heating from high-efficiency combined heat
and power plant

Tabulka 2 Konverzné faktory primdrnej energie a sklenikovych plynov v Rakusku

Table 2 Primary Energy and GHG conversion factors for Austria

Konverzné faktory si mozno predstavit ako vahy, ktoré su prirade-
né kazdému typu toku energie v zavislosti od jeho kvality. Ak sa
ploSne pouziju véhy 1, zodpovedaju vyvdzeniu konecnej energie
bez ohladu na kvalitu. Potom v8ak musi byt mnozstvo vyrobenej
a spotrebovanej energie rovnaké. To znemoznuje kvalitativne
porovnanie roznych nosi¢ov energie, najma elektrickej a tepelnej
energie. Napriklad $tvrt by mohla dovézat 10 MWh elektrickej
energie zo siete a doddvat 11 MWh tepelnej energie do okolia,
aby dosiahla kladnu koneénu energetickd bilanciu, ktord je pre
niekoho iného malo vyuzitelna.

Pouzitie primdrnej energie namiesto toho umoznuje zohlad-
nit straty energie v celom procesnom retazci, ako aj celkovu ener-
geticku efektivnost a skutoény energeticky vplyv Stvrte v zavislosti
od zdrojov energie. Z tohto vypoctu energetickej bilancie preto
profituju krajiny, ktoré vyrdbaju podstatne viac energie z obnovi-
telnych zdrojov. Umoziiuje tiez porovnanie a bilancovanie vioze-
nej energie, prevddzkovej energie, tepelnej a elektrickej energie
prepoctom vsetkych druhov energie na primarnu energiu.

Na medzindrodnej urovni sa pouziva niekolko réznych meto-
dik s vlastnymi silnymi a slabymi strankami, najm& pokial ide o fak-
tory suvisiace s premenou konec¢nej energie na primarnu energiu
a ekvivalenty emisii sklenikovych plynov®3. Verejny jednotny stbor
Udajov neexistuje; namiesto toho existuje niekolko narodnych
a medzinarodnych metodik a stiborov tdajov®, z ktorych niektoré
sU zastaralé alebo nie su verejne dostupné, pripadne predstavuju
len Specifické premeny energie, ¢asto len pre urcité regiony.

63 Pozri. (Hamels et al., 2021)
64 Napriklad normy CEN (prEN17423) a ISO (52000) sa od seba podstatne liSia.

The conversion factors can be thought of as weights that are
assigned to each type of energy flow, depending on its quality.

If weights of 1 are used across the board, they correspond to
balancing the final energy regardless of quality. However then, the
amount of energy generated and consumed must be equal. This
prohibits a qualitative comparison of different energy carriers, par-
ticularly electrical and thermal energy. For example, a district could
import 10 MWh of grid electricity and feed in 11 MWh of thermal en-
ergy to the surrounding to achieve a positive final energy balance,
which is of little use to anyone else.

Using a primary energy weighting instead allows the consid-
eration of the energy losses through the whole process chain, as
well as overall energy efficiency, and actual energy impact of the
district depending on the energy sources. Consequently, countries
that generate significant energy more from renewable sources
profit from this energy balance calculation. This also allows the
comparison and balancing of embodied energy, operational ener-
gy, thermal, and electrical energy by converting all types of energy
to primary energy.

Internationally, several different methodologies with their
own strengths and weaknesses are used, particularly for factors
related to the conversion of final energy to primary energy and
greenhouse gas emission equivalents®. A public, unified dataset
does not exist; instead, there are several national and internation-
al** methodologies and datasets, some of which are outdated or
not publicly available, or only represent specific energy conver-
sions, often only for specific regions.
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Obrdazok 63 a Obrazok 64 Vdéhové systémy priraduju kazdému toku energie v oblasti vdhu vyndsobenim vdhovym faktorom. Vysledné vézené toky
energie sa agreguju v energetickej bilancii (vpravo). Pre td istd $tvrt vedu rézne vdhové systémy (rdméeky) k réznym bilanciédm a hodnoteniam.

Figure 63 and Figure 64 Weighting systems assign each energy flow of a district a weight by multiplying with a weighting factor. The resulting weighted

energy flows are aggregated in the energy balance (right).

For the same district, different weighting systems (the boxes)

lead to different balances and assessments.

8.3.1 Mobilita
Mobility

V strednodobom horizonte bude elektrina zohrdvat dominantnu
Ulohu aj v sektore mobility prostrednictvom prechodu na elek-
tromobilitu, ale este lepsie prostrednictvom koncepcii mestskej
mobility zalozenych na verejnej doprave.

Nekoncepcénd podpora elektromobility v mestskych ob-
lastiach by nezodpovedala inteligentnému rozvoju mesta ako
zivotného priestoru; v preplnenych mestskych oblastiach sa musi
individualna mobilita na motorovy pohon obmedzit na minimum,
aby sa vytvoril maximdlny priestor pre hodnotné priestory pre
Zivot v meste.

Nasledujlce energetické bilancie z roznych scendrov pre
viedensku $tvrf Seestadt Aspern ukazuju vplyv energie na kaz-
dodennd individudlnu motorizovanu mobilitu, a to aj pre mestské
oblasti s vysokym podielom verejnej dopravy a cyklistiky a ndsled-
ne nizkym podielom automobilov. Napriek tomu, mobilita predsta-
vuje viac ako tretinu celkového dopytu po energii pre automobily
na fosilne palivo a este 20 % za predpokladu 100 % nasadenia
elektromobilov. Upozoriiujeme, ze uvedené informdcie berd do
Uvahy len individudlnu motorizovanu mobilitu s autami a skdtrami,
nie verejnu dopravu.

In the medium term, electricity will also come to play a dominant
role in the mobility sector through the switch to electromobility,
but better still through urban mobility concepts based on public
transport.

The unreflective promotion of electromobility in urban areas
would not correspond to a smart development of the city as a living
space; in congested urban areas, individual motor-driven mobility
must be kept to a minimum to create maximum space for valuable
inner-city living spaces.

The following energy balances from different scenarios for the
Vienna Seestadt Aspern show the impact of energy for everyday
individual motorized mobility, even for urban areas with high shares
of public transport and biking and consequently low share of cars.
Nevertheless, mobility constitutes more than a third of total energy
demand for fossil cars and still 20% under the assumption of 100%
e-car penetration. Note that this is only considering individual mo-
torized mobility with cars and scooters, not public transport.

POSITIVE ENERGY DISTRICTS

B PEQ Beta context factor
Fakior Energeticky plusovej Stvrte Beta Faktor PED Alfa

® Balteries PV own consumption
Batérie 5

User plug loads and lights B Building operation
mlr‘eb?ée a osvetienie

120

s |

L8
RS2

s

AN

ia
Primary Energy [kKWHPE/m*NFA/a]
o -
(=] [=]
B
i (2
ke
B 1
[T
ol
F
Ly
0
~
ENN

Pri_rnérna en

2 NN
W
8

0 (oo
S

&*.‘b & 3 i G £ & &
QQ .b \ﬁq \}QQ .:.\'b R &’b
oo @50 b Q-a((:a & oF < oF

®PEQ Alpha context factor

j energie  Mobilita na fosiiny paliva

85
B PY surplus . : ® Flexible grid use -
Prebytok energie z fotovoltiky Flexibilné vyuZitie siete
B Fossile Mobility BEvs

Elektrické vozidia

Pl

439

BL PV.25 Mob BL PV.25 Mob  PV.T.IF5, PV.7, IF 5, PV, IS, PV.T, IF2, PVLT, IF2, PV.9,IF5, Py.T, IF5,
O%EV 100%EY MoblEV | MoblEV, WPS MobIEV + 3 MoblEV | MobIEV. WPS  MoblEV | MobSO%EV +
KWh/KWp batt WPS

Obrazok 65 Priklad posudenia bilancie primdrnej energie réznych

scendrov Stvrti, pricom kazdy z nich zobrazuje dopyt po energii viavo

a ponuku energie vpravo. Na dosiahnutie PED mus{ pravy stipec ponuky prevy$ovat stipec dopytu nalavo.

Figure 65 Example Primary Energy balance assessment of different district scenarios, each showing energy demand left and energy supply right.
To achieve a PED, the right supply column needs to exceed the demand column on the left.

Hoci znizenie energie a emisii z mobility méZe byt na drovni Stvrte
naro¢né, stdle existuje niekolko opatreni, ktoré mézu byt prekva-
pivo nizkondkladové: Obmedzenie dopravy je zédkladnym prvkom
znizovania energie v energetickom systéme a efektivheho vyuzi-
vania energie v sektore dopravy. Preto je tdto téma popri zmene
spbésobu dopravy aj zédkladnym bodom integrovaného plénovania
dopravy orientovaného na budtcnost.

Obmedzenie dopravy je v podstate mozné len vdaka hlbokej
zmene povedomia a zacina sa pri pri¢ine vzniku dopravy, pri Ucele
mobility. Obmedzenie dopravy teda znamend umoznenie ¢in-
nosti aj bez nutnosti sa prestvat alebo pouzivat pri tom presune
automobil. Mozno rozliSovat medzi stratégiami na zamedzenie
individudlnej dopravy a stratégiami na zamedzenie ndkladnej
dopravy. Vyhybanie sa individudlnej doprave zahrfia (bez ndroku
na Uplnost)

. zdielany taxik

« spolo¢né pouzivanie auta
« prdca na dialku

« teleshopping

+ e-learning

Medzi priklady vyhybania sa ndkladnej doprave patria.
- baliace a distribu¢né systémy
. dodévky do domu
- tyzdenné trhy v rdmci Stvrte

Priklady stratégii implementdcie elektrickych vozidiel mozno ndjst
vo viacerych publikacidch:%®

Although reduction of mobility energy and emissions can be
difficult at district level, there are still several measures that can
be surprisingly cheap: Traffic avoidance is a core element of
the reduction of mobility energy and efficient energy use in the
transport sector. Therefore, this topic is also the essential point of
a future-oriented and integrated transport planning besides the
modal shift. Traffic avoidance is basically only made possible by
a profound change in awareness and starts at the cause of traffic
generation, the purpose of mobility. A distinction can be made
between strategies for avoiding individual traffic and strategies
for avoiding freight traffic. Avoidance of individual traffic includes
(without claim to completeness)

« shared taxi

- carpooling

. teleworking

- teleshopping

« e-learning

Examples of freight traffic avoidance include.
- Bundling and distribution systems
« home deliveries
- Neighborhood weekly markets

Examples of electric vehicle implementation strategies can be
found in several publications:®®

65 K. Alanne und H. Liimatainen, “Design implications of the electrification of passenger vehicle stock on renewable energy integration in Finnish apartment buildings”,

Sustainable Cities and Society, Bd. 47, S. 101507, Mai 2019, doi: 10.1016/j.s¢s.2019.101507.
T. Castillo-Calzadilla, A. Alonso-Vicario, C. E. Borges, und C. Martin, “The Impact of e-Mobility in Positive Energy Districts”, Environmental Sciences Proceedings, Bd. 11, Nr. 1,
Art. Nr. 1, 2021, doi: 10.3390/environsciproc2021011024.
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8.4 Implementacia PED: Vsetko dohromady
PED implementation: Putting it all together

Doteraz sa tvorba PED skimala najméa na akademickej pode, zatial
¢o skuto¢nych prikladov ich realizdcie v mestskom prostredi s vy-
sokou hustotou zdstavby alebo v existujucom fonde budov je len
malo. Iba niekolko prikladov dosahuje energeticky plusovu bilanciu
pre viac ako len prevadzku technickych zariadeni budov (HVAC®S).
Napriek tomu je cielom tejto Casti poskytnut niekolko tipov
na skutocnu realizdciu PED, vyzvy, rizikd, mozné prilezitosti
a rieSenia, ktoré vychadzaju najma z vysledkov projektu ,,Zukun-
ftsquartier 2.0“ (z nemciny ,$tvrt budtcnosti®) na zelenej ldke
~Pilzgasse 33“¢",

8.5 Proces planovania PED
The PED Planning process

Energeticky plusové Stvrte su Casto inovativne a velmi ambiciéz-
ne, ale takmer vzdy velmi zlozité projekty. Timy, ktoré planuju PED

by si preto mali vziat k srdcu nasledujlice odportcania a poznatky:

» Jednoznacné porozumenie a zhoda vSetkych zicastnenych
strdn o cieli dosiahnut PED a o tom, ¢o to znameng, je z&k-
ladnym predpokladom pre pldnovanie a realizaciu.

» Poziadavky na energetické technoldgie v PED su zvycajne
vysoké a zvySuju ndroky na projektovy proces po formalnej
aj obsahovej stranke.

» Obvyklé ¢asové harmonogramy, horizonty a poziadavky
na obsah projektu zvycajne nie s vhodné z dévodu vyssej
ndroc¢nosti. Predovsetkym je potrebné zaclenit integrované
navrhovanie energetického konceptu Stvrte do celkového
plénovacieho procesu v skorsej faze.

- Projektanti, developeri, by mali byt schopni posudit a kvanti-
fikovat poziadavky na splnenie cielov PED uz v podiato¢nej
faze pldnovania. V pociatoénej faze je potrebné vykonat
posudenie pozadovanej plochy pre fotovoltiku, tepelnej
ochrany budovy a systému HVAC, ako aj dostupnych obnovi-
tefnych zdrojov energie, aby bolo mozné urcit proces ndvrhu
pre konkrétny projekt.

- Do sutaznych podkladov pre architektonické sutaze pre
Stvrt je potrebné zahrndt sumér poZiadaviek na energetickd
efektivnost PED. To bude ndpomocné pre architektov, aby vo
svojich navrhoch zohladnili energeticky potencidl a efektiv-
nost ako rdmcové podmienky.

Kontrolny zoznam PED pre architektov: Implementdacia poziada-
viek na tvorbu PED vyZaduje ¢o najskorsiu spoluprdcu a koordina-
ciu medzi architektmi a projektantmi v oblasti energetiky. Hlavnou
zdsadou je ¢o najefektivnejSie vyuzitie miestneho potencialu
obnovitelnych zdrojov energie. Nasledujlce aspekty architek-
tonického navrhu by sa mali zvazit vzhfadom na ich potencidine
velky vplyv na realizovatelnost konceptu PED:
«  Kompaktnd konstrukcia stavby s cielom minimalizacie tepel-
nych strat.
« Optimalizacia povrchov budov na instaldciu fotovoltiky, napr.
realizdciou pevnych vonkajsich zZaldzii a tieneni na streche
a fasdde s fotovoltickymi modulmi, vyhnt sa konstrukcidm
na streche, ako su vetracie otvory a zariadenia HVAC, alebo
ich aspon spojit, zjednotit, aby sa predislo zbyto¢nym pre-
kdzkam na streche.

ENERGETICKY PLUSOVE MESTSKE STVRTE

To date, PEDs are mostly studied academically while there are
only few and far between examples of actual implementation in
urban settings of high density or existing building stock. Only few
examples achieve a positive energy balance for more than HVAC
operation alone®.

Nevertheless, this section aims to provide some pointers for
actual PED implementation, its challenges, risks, possible opportu-
nities and solutions, which are compiled mostly from findings of the
“Zukunftsquartier 2.0” (german for “future district”) green field PED
implementation project of “Pilzgasse 337¢".

Positive Energy Districts are often innovative and very ambitious,
but almost always very complex projects. PED Development teams
should therefore take the following lessons to heart:

« An explicit, common understanding of all involved stakehold-
ers on the objective to achieve a PED and what that means is
an essential prerequisite for planning and implementation.

» The requirements for energy technology in PEDs are typically
high and increase demands on the planning process, both
formally and in content.

» Usual project timelines, horizons and content requirements
are usually not expedient due to the increase in complexity.
Above all, integrating district energy planning into the overall
planning process needs to happen at an earlier stage.

» Project developers should be broadly able to assess and
quantify the requirements to meet the PED targets at an early
stage in the planning process. An early assessment of the
required PV area, building thermal hull and HVAC system
quality, as well as the available renewable energy sources
should be carried out, to be able to define a project-specific
planning process.

« Itis useful to include a summary of the required energy
performance of a PED in the tender documents for the archi-
tectural competitions in the district. This can help architects
to consider favorable energy and efficiency potentials as
framework conditions in their designs.

PED Checklist for Architects: PED implementation necessitates
close coordination between architects and energy planners as
early as possible. The guiding principle is the most efficient use of
local renewable energy potentials. The following aspects of archi-
tectural design should be considered due to their potentially large
impact on the feasibility of a PED concept:

»  Compact design of the thermal hull to minimize heat loss.

»  Optimize building surfaces for photovoltaic use, e.g. by real-
izing fixed external blinds and shades on the roof and fagcade
with PV modules, or avoiding or at least bundling roof struc-
tures such as vents and HVAC equipment to avoid unneces-
sary roof obstacles.

66 S. Rueda Castellanos und X. Oregi, "Postdenie vybranych projektov pozitivnej energie (PED), Studia k rozvoju dalsich PED", Environmental and Climate Technologies, Bd.

25,Nr. 1, S. 281-294, Jan. 2021, doi: 10.2478/rtuect-2021-0020.

J. P. Gouveia, J. Seixas, P. Palma, H. Duarte, H. Luz a G. B. Cavadini, "Positive Energy District: A Model for Historic Districts to Address Energy Poverty", Front. Sustain.

Cities, Bd. 3, S. 648473, Apr. 2021, doi: 10.3389/frsc.2021.648473.

V. Ondreji¢ka, M. Hajduk, L. Jamecny, M. Husdr a M. Jasso, "Positive Energy District Replication — Case Study of the City of Trencin, Slovakia", IOP Conf. Ser: Mater. Sci.

Eng., Bd. 1203, Nr. 2, S. 022087, Nov. 2021, doi: 10.1088/1757-899X/1203/2/022087.

X. Zhang, S. R. Penaka, S. Giriraj, M. N. Sédnchez, P. Civiero, und H. Vandevyvere, "Characterizing Positive Energy District (PED) through a Preliminary Review of 60 Existing
Projects in Europe", Buildings, Bd. 11, Nr. 8, Art. Nr. 8, Aug. 2021, doi: 10.3390/buildings11080318.
67 (v nemcine) https://nachhaltigwirtschaften.at/de/sdz/projekte/zukunftsquartier-2-punkt-0.php#publications
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- Uplatnenie opatreni na ochranu pred prehrievanim v lete,
aby sa zniZila potreba strojového chladenia.

. Zabrdnenie vzniku tepelnych ostrovov vhodnym dizajnom
vonkajsich priestorov s dostato¢nym tienenim a odparovacim
chladenim.

- Napldnovanie / vytvorenie dostato¢ného priestoru pre do-
dato¢né technické vybavenie na vyuzivanie obnovitelnych
zdrojov energie na mieste (tepelné cerpadld, vymenniky
tepla, obehové cerpadla atd.)

- Znizenie tepelnych strat redukciou cirkulaénych rozvodov
TUV k neizolovanym vodovodnym kohttikom.

« (volitelné) Vyuzitie systémov distribdcie tepla/chladu, ako je
tepelnd aktivacia hmoty budovy, pre zabezpecenie docasnej
energetickej flexibility na vyuzitie dodato¢nych obnovitel-
nych zdrojov energie na mieste a mimo neho.

- Energetickd a emisnd efektivnost by sa nemala dosahovat na
ukor komfortu. Tento pristup plati pre cely proces pldnovania,
ako aj pre prevadzku.
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. Consider measures to protect against overheating in summer
to reduce cooling loads.

- Avoid heat islands through appropriate outdoor space design
with sufficient shading and evaporative cooling.

- Plan sufficient space for the additional technical equipment
for the use of renewable on-site energy sources (heat pumps,
heat exchangers, circulation pumps, etc.)

« Reduce heat losses by avoiding DHW circulation lines to
exposed, uninsulated taps.

- (optionally) Make use of heat/cold distribution systems such
as thermal activation of building mass to provide temporal en-
ergy flexibility to utilize addition onsite and offsite renewables.

- District energy and emission performance should not be
achieved at the expense of comfort-related qualities. This
holds true for the entire planning process as well as opera-
tion.

8.6 Maximalizacia fotovoltickych panelov je kl'ic¢ova pre vyvoj PED na greenfieldoch
PV maximization is key for PED developments on greenfields

Velka Cast vyroby elektrickej energie z obnovitelnych zdrojov

v energeticky plusovych stvrtiach sa musi vyrdbat prostrednic-
tvom fotovoltickych panelov (PV) na mieste. Ekonomika systému
do velkej miery zavisi od menovitého vykonu modulov a ich
umiestnenia na streche. Predbezny odhad potrebnej plochy na
streche a fasdde pre fotovoltiku poskytuje délezity zéklad pre
plédnovanie a projektovanie. Tento predbezny odhad nemusi
podrobne zohladrovat klimatické, tieniace a iné vplyvy, ale mal
by poskytnut rychly odhad velkosti v rozsahu chybovosti 10 %.

V porovnani so streSnymi modulmi maju fasdédne moduly vyrazne
vysSie ndklady na inStaldciu a typické vynosy 50 — 80 % vynosov
streSnych systémov.

Z ekonomického hladiska su vyhodné velké prifahlé hori-
zontdlne fotovoltické plochy, napr. na streche. Velku cast existu-
jucej stresnej plochy vSak ¢asto zaberaju vetracie zariadenia, iné
zariadenia, vyvody a/alebo nadstavby, ktoré brania instaldcii PV.
To md za nasledok dalSiu stratu priestoru v podobe naraznikovych
z6n, ktoré mézu byt vyzadované zédkonom z dévodu poZiarnej
bezpecnosti alebo na Ucely udrzby. Aj ked boli kubattry od za-
¢iatku navrhnuté na vyrobu energie, pocas procesu pldnovania sa
zvycajne musia vykonat dalSie malé optimalizacie, aby sa maxi-
malizovali plochy streSnych fotovoltickych zariadeni. To by mohlo
znamenat napr. zoskupenie potrubia HVAC budovy do mensieho
poctu streSnych vyvodoyv, ¢o tiez pomaha zmensit ochranné zény
(napr. na ucely poZziarnej bezpecnosti) a volné plochy.

Stredné fotovoltické systémy su tiez v konflikte s inymi formami vy-
uzivania striech, ako su terasy, streSné zéhrady a zelen. VyvySenie
fotovoltickych systémov pomocou pergoly alebo inych konstrukcif
moze byt rieSenim, avsak su to naviac néklady. V pripade pergol
ich mozno ucinne kombinovat aj s prvkami zelene. Treba si uvedo-
mit, Ze v stavebnom zdkone ich mézu povazovat za relevantné
pre postdenie vysky budovy, ¢o méze predstavovat problém pri
uzemnych pldnoch. (Rozsiahle, t. j. neudrziavané) ozelenenie na
nepristupnych stresnych alebo terasovych plochdch méze mat
chladiaci u¢inok na fotovoltické moduly, ¢im sa zvysi ich vykon.

PV pergoly mézu prispiet k vyuZivaniu strechy a poskytované
tienenie méze zvysit uzivatelsky komfort, najma v lete, a to vsetko
pri maximdlnom vyuziti PV plochy.

V zavislosti od stavebnych predpisov mézu mat fotovoltické
fasddne moduly dalSie poziadavky na zhodu, napr. na protipo-
Ziarnu ochranu, ktoré si mozu vyzadovat Specidlne testy alebo
certifikaty.

A large part of the renewable electricity generation in PEDS must
be generated via on-site PV. System economics largely depend on
the power rating of the modules and their mounting location A pre-
liminary estimate of the required photovoltaic areas on the roof and
facade provides an important baseline for design and planning.
This early estimate does not need to take climate, shading and
other effects into detailed account, but should supply fast sizing
estimates in the 10% error range. Compared to roof-mounted mod-
ules, facade modules have significantly higher installation costs
and typical yields of 50-80% of that of roof mounted systems.

In terms of economics, large contiguous horizontal PV surfac-
es, e.g., on the roof, are advantageous. However, a large share of
existing roof area is often occupied by sanitary ventilation facilities,
other installations, outlets and/or superstructures, which obstruct
PV installation. This results in further loss of space as buffer zones,
which might be required by law for fire safety reasons or for main-
tenance purposes. Even if cubatures have been designed for en-
ergy production from the get-go, further small-scale optimizations
usually must be made during the planning process to maximize
rooftop PV areas. This could mean e.g., grouping building HVAC
piping into fewer roof outlets, which also helps reduce buffer zones
(e.g., for fire safety purposes) and clearance areas.

Roof mounted PV systems are also in conflict with other forms of
roof use such as terraces, roof gardens and greening. Elevating
PV with pergolas or other constructions can provide a remedy,
but at a price. In the case of Pergolas, they can also be combined
effectively with greening elements. Be aware that in the building
code they might consider them relevant for building height, which
might pose problems with zoning plans. (Extensive, i.e., untended)
greening on non-accessible roof or terrace areas can have a cool-
ing effect on PV modules, thus increasing their yield. PV pergolas
can relax usage conflicts on the roof and the shading provided can
increase user comfort, especially in summer, all the while providing
a maximum PV area.

Depending on the building code, PV fagade modules might
have additional compliance requirements, e.g. for fire protection,
which might need special tests or certificates.
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8.7 Kl'icom k ekonomickej realizovatelnosti je zvySenie vlastnej spotreby elektrickej energie

z fotovoltiky

Increasing self-consumption of PV electricity is key to economic feasibility

V désledku rozdielnych vynosov z fotovoltiky v zdvislosti od polo-
hy sInka, pocasia a zatienenia a ¢asovych rozdielov v dopyte po
elektrickej energii vzdy dochddza k nestladu medzi ponukou foto-
voltiky a dopytom v radmci Stvrte. Nadprodukcia elektrickej energie
z fotovoltickych elektrarni sa méze doddvat do siete a kompen-
zovat tarifou za vykup, ktord je zvycajne nizka. Deficit elektriny sa
musi nakupovat zo siete za trhovu cenu, ktord je zvycajne ovela
vyssia. Prevlddajuci mix vyuzitia, ktory je pritomny v mnohych
Stvrtiach, uz ponuka vyhodu vdaka roznym ¢asom dopytu po
elektrine, ale len v pripade, Ze systém méze fungovat ako forma
energetického spolocenstva, ktoré musi umoznit vymenu, zdie-
lanie a zuc¢tovanie elektriny v rdmci Stvrte. To musi byt technicky
podporené vhodnymi systémami merania a Uc¢tovania, ¢o méze
byt samo o sebe dost ndkladné.

« Vyuzivanie moznosti skladovania elektrickej energie (napr.
elektrickej akumuldcie) a tepelnej energie (napr. akumulac-
nd nddrz, zadsobnik teplej vody) na podporu maximalizacie
vlastnej spotreby a vyuzitia prebytkov z fotovoltiky. Viac
informdcii o tomto klic¢ovom opatreni ndjdete v ¢asti Tepelné
Cerpadld, Energetickad flexibilita s tepelnou aktivaciou hmoty
budovy. Opatrenia na riadenie na strane dopytu mézu dalej
zvysit ekonomiku zaloZenu na vlastnej spotrebe.

- Diverzifikovane vyuzivana oblast ma nizsie Spicky zatazenia
a vacsie moznosti presunu zatazenia.

« Potencidl pre optimalizdciu viastnej spotreby sa skryva
aj v dopyte domacnosti po elektrickej energii. V sektore
domdcnosti predstavuje priblizne 50 % konecného dopytu
po energii. Obyvatelov a uzivatelov mozno na tieto témy
upozornit a poskytnut im konkrétne opatrenia, a to aj s cie-
lom podporit ich akceptdciu, napr. v pripade automatického
ovlddania domdcich spotrebi¢ov (napr. umyvaciek riadu,
pracok atd.).

« Vysokad uroven vlastnej spotreby si vyzaduju v€asnu koordi-
ndciu medzi pldnovanim DES a HVAC a prevddzkovatelom
siete, ktoru je potrebné podporit v procese planovania.

« Energetické komunity su skvelym doplnkom pri rozvoji PED,
pretoZze umoznuju svojim ¢lenom finan¢ny prospech v po-
dobnej miere ako priame (priamo-fyzické) zvysenie vlastnej
spotreby.

Due to varying PV yields depending on the position of the sun,
weather and shading, and the temporal differences in electricity
demand profiles, there is always a mismatch between PV supply
and district demand. An overproduction of PV electricity can be
fed into the grid and be compensated by a feed-in tariff, which is
typically low. Electricity deficits must be purchased from the grid at
market price, which is typically much higher. The prevalent usage
mix present in many districts already offers an advantage due to its
different times of electricity demand, but only if the system can be
operated as a form of energy community, which must enable the
exchange, sharing, and accounting of electricity within the district.
This must be technically supported by appropriate metering and
account systems, which can be quite costly in itself.

- Make use of electrical (e.g., electric storage) thermal storage
options (e.g. buffer storage, hot water storage) to support
self-consumption maximization and utilization of PV surpluses.
See section on Heat Pumps, Energy Flexibility with Thermal
activation of building mass for more on this crucial action.
Demand side management measures can further increase
self-consumption-driven economics.

- Adiversely used district has lower load peaks and increased
load shifting opportunities.

. Potential for self-consumption optimization also lies in house-
hold electricity demand. In the residential sector, this accounts
for around 50% of the final energy demand. Residents and
users can be sensitized to these topics and given concrete
actions, not least in order to promote acceptance, e.g., for the
automatic control of household appliances (e.g. dishwashers,
washing machines, etc.)

- High self-consumption levels need early coordination be-
tween DES and HVAC planning and the grid operator, which
need to be encouraged in the planning process.

«  Energy communities are a great complement in PED devel-
opment, as they enable their members to benefit financially
to a similar extent as a direct (direct-physical) increase in
self-consumption.

8.8 Zapojenie pouzivatelov a integracia pouzivatelov

User involvement and user integration

Pri pldnovani sa musia zohladnit socidlne aspekty, aspekty kvality
Zivota pouzivatelov a ich pohodlie, rovnako ako energetické,
ekologické a ekonomické aspekty. To mbze viest k protichodnym
cielom: efektivhe vyuzivanie klimatizovanych priestorov vs. poho-
dIné, priestranné interiéry, efektivna hustota vs. vonkajsi priestor

s uzitkovou hodnotou, streSné terasy vs. intenzivne vyuzivanie fo-
tovoltiky, flexibilné teploty vzduchu v interiéri zalozené na riadeni
dopytu na podporu siete vs. stabilny a predvidatelny tepelny kom-
fort podla individudlnych potrieb pouzivatela, toto je len niekolko
prikladov. Rozhranie medzi pouzivatelmi a sluzbami budov sa tak
stéva Coraz ddlezitejSim pre efektivnu a kvalitnd prevadzku, najma
v suvislosti s novymi technolégiami budov a inovativnym riadenim,
kedze vznikaju nové poziadavky na interakciu v socidlno-tech-
nickom kontexte. Vysokd uroven mechanizécie, automatizacie

a vo vSeobecnosti zmenend komplexnost, pokial ide o systémy
merania, riadenia a monitorovania, méze mat vyrazny vplyv na
uzivatel'sky komfort réznych cielovych skupin.

Social aspects and those of user quality-of-life and user comfort
have to be considered in the planning equally to energetic, eco-
logical and economic aspects. This can lead to conflicting goals: ef-
ficient use of conditioned areas vs. comfortable, spacious interiors,
efficient density vs. outdoor space with amenity value, roof terraces
vs. intensive PV use, flexible indoor air temperatures based on de-
mand side management for grid-support vs. stable and predictable
thermal comfort according to individual user needs, to name a few.
The interface between users and building services is thus becom-
ing increasingly important for efficient and qualitative operation,
especially in the context of new building technologies and innova-
tive controls, as new demands for interaction in the socio-technical
context arise. High levels of mechanization, automation and, in
general, the changed complexity regarding measurement, control
and monitoring systems can have a significant impact on the user
comfort of the different target groups.

POSITIVE ENERGY DISTRICTS

Tu je niekolko tipov, ktoré sa tykaju tejto témy:

- Koncepcia vyuzitia, ktord zohladriuje cely proces pldnovania
a vyuZzitia a zameriava sa na poziadavky cielovych skupin,
je klic¢ovym faktorom udspechu inovativnych stavebnych
technoldgii z pohladu pouzivatela. V metodickej rovine su
hodnotiace procesy s komplexnymi ivodnymi prieskumami
ocakdvani a poziadaviek vyhodnym zékladom pre opako-
vané cykly pozostdvajlice z vyvoja opatreni, hodnotenia
a optimalizacie.

- Uzivatelia by mali byt do procesu zapojeni ¢o najviac a ¢o
najskor, aby sa ich pohlad mohol zohladnit pri ndvrhu regu-
la¢nej technolégie, riadenia dopytu atd. To vytvdra akcepta-
ciu, déveru v existujlicu technolégiu a podporuje energeticky
optimalizovanu prevddzku.

- Na technologickej urovni poskytuju uzivatelsky privetivé
meracie a riadiace systémy prehlad o fungovani technoldgie
budovy a cielovo orientované stratégie na optimalizdciu indi-
vidudineho energetického sprdvania. Interaktivhe moznosti
spatnej vazby pre pouzivatelov moézu tiez pomdct lepsie
pochopit technoldgiu budov.

-V kanceldrskych budovach mézu certifikdty, ktoré zapdjaju
pouzivatelov do standardizovanych hodnotiacich procesov
(vratane prieskumov), pomoct zvysit pohodlie pouzivatelov
a ich motivaciu k praci. Okrem toho sa odportca poskytnut
zdujemcom moznost rozsiahleho testovania tychto tech-
nolégii v neutrdlnom priestore pred investiciou do novych
technoldégii v budovéach.

.V strednodobom a dlhodobom horizonte méze vytvorenie
inovativheho vzdeldvacieho prostredia pre vyuzivanie a apli-
kdciu novych technoldgii poskytnut zéklad pre udrzatelny
rozvoj v sektore stavebnych technoldgif.

8.9 Zdroje
Resources

8.9.1 Dolezité a zaujimavé projekty PED
Important and interesting PED Projects

ATELIER - energeticky plusové stvrte (www.smartcity-atelier.eu):
ATELIER je projekt Smart City financovany EU, ktorého cielom

je vytvorit a replikovat energeticky plusové $tvrte (PED) v rdmci
dvoch Lighthouse Cities a Siestich Fellow Cities.

Cities4PEDs — Energetické mesta (https://energy-cities.eu/
project/cities4peds/): Brusel, Vieder (Seestadt Aspern) a Stok-
holm spolo¢ne skimaju, ako mézu mestd prispdsobit a vyuzivat
svoje planovacie a realizacné ndstroje tak, aby vysledkom rozvoja
miest boli Stvrte, ktoré produkuju viac energie, ako spotrebuju.

syn.ikia (www.synikia.eu) — ich poslanim je zvysit podiel udrzatel-
nych Stvrti s prebytkom obnovitelnej energie v roznych kontex-
toch, klimatickych podmienkach a na réznych trhoch v Eurépe.

Making City — Energy efficient pathway for the city transforma-
tion (www.makingcity.eu) — Projekt MAKING-CITY, ktory koordinuje
naddcia CARTIF, je 60-mesacny projekt programu Horizont 2020,
ktory sa zacal v decembri 2018. Jeho ciefom je riesit a demon-
Strovat transformdciu mestského energetického systému smerom
k inteligentnym a nizkouhlikovym mestdm na zéklade koncepcie
energeticky plusové Stvrte (PED).

CityxChange (www.cityxchange.eu) — Viziou +CityxChange je
umoznit spoluvytvéranie budtcnosti, v ktorej chceme Zit. Positive
City ExChange +Trondheim +Limerick +Sestao +Alba lulia +Pisek
+V3&ru +Smolyan.
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Here are a few pointers addressing this topic:

- A utilization concept that takes into account the entirety of
the planning and utilization processes and focuses on the
requirements of the target groups is a key success factor for
innovative building technologies from the user’s perspective.
On the methodological level, evaluation processes with com-
prehensive initial surveys of expectations and requirements
provide an advantageous basis for repeated cycles consisting
of measure development, evaluation and optimization.

- Users should be involved in the process as much as possible
and as soon as possible, so that their perspective can be
considered in the design of control technology, demand side
management, etc. This creates acceptance, trust in the exist-
ing technology and supports energy-optimized operation.

- On the technological level, user-friendly measurement and
control systems provide both insight into the functioning of
the building technology and target-oriented strategies for
optimizing individual energy behavior. Interactive possibilities
for feedback to the users can also help to better understand
building technology.

- In office buildings, certificates that involve users in stand-
ardized evaluation processes (including surveys) can help
to increase user comfort and work motivation. In addition,
it is advisable to give interested parties the opportunity to
test these technologies extensively in a neutral area before
investing in new building technologies.

« Inthe medium and long term, the creation of innovative learn-
ing environments for the use and application of new technol-
ogies can provide a basis for sustainable development in the
building technology sector.

ATELIER — Positive Energy Districts (www.smartcity-atelier.eu):
ATELIER is an EU-funded Smart City project aiming to create and
replicate Positive Energy Districts (PEDs) within two Lighthouse
Cities and six Fellow Cities.

Cities4PEDs — Energy Cities (https://energy-cities.eu/project/
cities4peds/): Brussels, Vienna (Seestadt Aspern) and Stockholm
jointly investigate how cities can adapt and use their planning and
implementation instruments so that urban development results in
neighbourhoods that produce more energy than they consume.

syn.ikia (www.synikia.eu) — Their mission is to increase the propor-
tion of sustainable neighbourhoods with surplus renewable energy
in different contexts, climates and markets in Europe.

Making City — Energy efficient pathway for the city transforma-
tion (www.makingcity.eu) — Coordinated by the CARTIF Foundation,
MAKING-CITY is a 60-month Horizon 2020 project launched in
December 2018. It aims to address and demonstrate the urban
energy system transformation towards smart and low-carbon cities,
based on the Positive Energy District (PED) concept.

CityxChange (www.cityxchange.eu) — The +CityxChange vision is
to enable the co-creation of the future we want to live in Positive
City ExChange +Trondheim +Limerick +Sestao +Alba lulia +Pisek
+V8ru +Smolyan Welcome to +CityxChange Our Lighthouse Cities,
Trondheim Kommune and Limerick City and County Council are
developing feasible.
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8.9.2 Platformy
Knowledge Plattforms

Eurépska siet energeticky plusovych stvrti: Ciefom je zmobilizo-
vat vyskumnych pracovnikov a dalSie relevantné zainteresované
strany z roznych oblasti a sektorov, aby podporili rozvoj PED v Eu-
répe prostrednictvom otvoreného zdielania poznatkov, vymeny
idei, zdruZovania zdrojov, experimentovania s novymi metéddami

a spolo¢ného vytvarania novych rieSeni. Obsahuje interaktivnu
databdzu projektov PED: https://pedeu.net/map/

Spoloc¢na programova iniciativa Urban Europe
(www.jpi-urbaneurope.eu/ped/) — centrum znalosti o transformacii
miest: Program ,Stvrte a energeticky plusové étvrte pre udrzatel-
ny rozvoj miest, ktory prispieva k ambiciéznym cielom eurdpske-
ho strategického pldnu pre energetické technoldgie (akcia 3.2 pla-
nu SET), podporuje pldnovanie, zavddzanie a replikaciu 100 PED
do roku 2025. Zapéja sa doii 20 ¢lenskych $tatov EU a realizuje
ho JPI Urban Europe. Do programu su zapojené zainteresované
strany zo sieti financovania vyskumu a inovacii, mestd, priemysel,
vyskumné organizdcie a obclianske organizacie.

EnergyCities (www.energy-cities.eu): eurdpska vzdelavacia komu-
nita pre mesta buducnosti

ENERGETICKY PLUSOVE MESTSKE STVRTE

Positive Energy Districts European Network: The COST Action
Positive Energy Districts European Network (PED-EU-NET) aims to
mobilise researchers and other relevant stakeholders across differ-
ent domains and sectors to drive the deployment of Positive Ener-
gy Districts (PEDs) in Europe through open sharing of knowledge,
exchange of ideas, pooling of resources, experimentation of new
methods and co-creation of novel solutions. Includes an interactive
Database of PED projects: https://pedeu.net/map/

Joint Programme Initiative Urban Europe
(www.jpi-urbaneurope.eu/ped/) the knowledge hub for urban
transitions: Contributing to the ambitious targets of the European
Strategic Energy Technology (SET) Plan (SET Plan Action 3.2), the
programme “Positive Energy Districts and Neighbourhoods for Sus-
tainable Urban Development” supports the planning, deployment
and replication of 100 Positive Energy Neighbourhoods by 2025.

It is joined by 20 EU member states and conducted by JPI Urban
Europe. The programme involves stakeholders from R&l funding
networks, cities, industry, research organisations and citizen organ-
isations.

EnergyCities (www.energy-cities.eu): the Europoean learning com-
munity for future-proof cities
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