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A A decade of research and 7 years of teaching in climateeutral Positive Energy
Districts
Development of an Austrian

Implementation support for over a dozen PED projects (e.g. Pilzgasse21, Geblergasge
a Staatspreis Nachhaltige Architektur)
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Development of localization frameworks for allocating national decarbonization targets
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Agenda

PED defintion and assessment Design goals

Why another klimaktivCertification? Differences to thémaakiiv Siedlungen und Quartigvat enough?

How it works: Contextual positive Energy & Emission Balance
System Boundarie§(Operation& Plugload®\pha), Mobility (Beta), Embodied Emissions (Omega)
Contexts: Density Flexibility, Surrounding Energy System Vintage

Does it actually work? Examples


http://www.klimaaktiv.at/siedlungen
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PED Definition as a design problem
Goals

TECHNIKUM
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Categorical Imperativéfreely adepted from Kant):

"Build and refurbish districts in such a way that if all districts were built an

refurbished in this way, the entire building stock would be sufficiently
decarbonized within the envisaged future energy system"

Positive Primary Ener@alance as a
Certifiable System, quantitative
Targets and Assessments

LinksEU and navtional climate goalscarbon neqtrality

by 2050tolocalR A & G NA OG0 G F NBSGasx OKI
FdzidzNBE mnm: NBYySglofS SySNHE
Feasibility and comparability PED# all EU MShot

individual project definitions

Urbanfeasibility (Technical/legal/economic)

Definitionoperationalization is multayeredand can
take regional and local contexts and potentiats
account

© 2021 FH Technikum Wien
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Project: Brussels, Stockholm, Vienna
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A (KPI) Bouquet AND

klimaaktlv_gettlements and Neighborhoods

Improvement Maximization

Proces®riented

Many incomparable approaches and labels

Punktevergabe entlang der sechs klimaaktiv Handlungsfelder

150

20205 O

A. Management - 150 Punkte

B. Kommunikation - 100 Punkte

C. Stadtebau - 250 Punkte

1.000 Punkte D. Geb&aude - 150 Punkte

E. Versorgung - 145 Punkte
F. Mobilitat — 205 Punkte

A single KPI: Balance

kli ktb ; i
'MadllV _Plusenergiequartiere
Ambition Sufficiency
Performance
Flexible

Comparald
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Whats in it? System boundary considerations

. L
", mandering” :

Functional '--——--—----— o
Considered energy! ! PED Alpha [ PED _BEta :
o 1 1! Operation " |+ motorized

SEervices. -> 111 use  individual '
[ I: | mobility :
Spatial i | !
4B No “Gerry ! | :
' |
' |

|

|

I
Temporal l-------oooo- W W
¥ Balance period: : PED Omeada
Annual |+ Embodied Enegy of % .
|

construction and maintenance

Resolution: Hourly

Advantages of Layered
Approach:
Varyingdataavailability
w/ increasingeffort
Inclusion ofll aspects is
possible
NOT considering Mobility or
LC Emissions is still possible
but not easier
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. . . . . . g .
Single KPI for sufficient efficiency, flexibility and onsite RES"Ed

g8 District 82 Balance Target

System boundaries and considered energy services Energy flows over the system boundary, Allocation method linking to
Flexible energy exchange of renewable EXCESS is free national decarbonization targets
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Assessment Method:
Efficiency Flexibility and onsite RES in a single KPI
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services) 1] |
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Context 1 for Operation: Density

PV'? Background

Examination of approach incl. adaptation for very dedisricts (up to FAR: 7.5) andvery soparsebuilt settlements(FAR<= 0.5).
Approx. 40districtswere evaluated in detail in the last 5 yedkourly simbasedon PHPP, Energy Performance Certificate, partly more
complex simulations with Trnsys etc.).
Conclusion: economically feasitidDcan be presented with relatively low effort.
Obstacles: Fixed maximum investment costs, innovative business models only common for some utilities, energy commuysities not
implemented
. . . trivial
PEBalances of example districts over Floor Area Ratio (Gross Floor Area / Plot Ar /\PV
150 r\\
y [ PLOT | | SamePLOT [
100 Tjbann Positive energy balance feasibility se¥idently
. _ 38 3 . . . .. .
NGF: PE(GFZ) = 1.63* (gats1s — 33)[kWhpe/m?ycral(maximal125.0) depends on density, studies unsurprisingly show:
50 1 iTE ' ABlumberga.aX o ¢ NI y&AGAZ2Y FNEB Yblodkhlpdsifive dnergidlotka X Ala
:' Energy Bd. 202, S. 117485, Juli 2020, d6i:1016/i.energy.2020.117485
s i H-ad® bSdzYlyys !''@® I Ay2dzyr wo {(i2ffyoSNASNE
b Evaluation of the Feasibility of Positive Energy Districts in Selected Urban Typologies in
0 g Vienna Using aBottofn LJ 5 A & G NA O 9 y S NHEnergieaBd 518, N 45 3Art.! LIL
“ * Y68 4 Nr. 15, Jan. 2021, dai0).3390/en14154449
. 825 ) i AP . NHzO1=Z {® S5NIT wdztqy2r dzyR | @ ! dzSNE a! |/
: ;34 -39 % 42 PEQ Allpha lZle\wert Climatically Favoured Regions: An Oeurce Modelling Approach Disclosing Implications
50 ® Energiespeicher Bgton Iy R t 2 aaEhedglesBH. (L4 Bral6, Art. Nr. 16, Aug. 2021, d6i3390/en1416486/4
- g & ® ZQ Austria i 9P {OKYSARSNE bo . INIfYNZ Wo [SA02fRZ t o |{
§ £ - @ Cities4PEDs raasSaaySyl aSiK2R F2NJ . dAfRAYy3Ia FYyR 5AatpN
é &8 @ e MG22 I2YLk Aot S sAlGK GKS 9ySNBéo{osyl-N12 HNp R
| g 2 H L . ® Aspern Klimafit [Online]. Verfugbar unteratip:/repository.corp.at/id/eprint/487
-100 §° )
o ° Zukunftsquartier
@ ® Zukunftsquartier 2.0
. SC Mikroquartiere
-150 T T T T T T T T
0 1 2 3 ) " 6 7 8 9
Detached Hoor area ratio
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https://doi.org/10.1016/j.energy.2020.117485
https://doi.org/10.3390/en14154449
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Context 1 for Operation: Density

Solution -> Make target depend on density

150 -
—— PEQ Alpha Zielwert
| ZQ 1.0 (2019)
125 +—%¢
"-Lr'\eichterung dgl. urspringlichem Ziglwert ZQ1 bel GFZ < 2
100 4
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52—
nﬁ T NGF: PE — Saldo(GFZ) = 1.63* (grsrs — 33 )[kWhpe/m?ygral (max. 125.0)
— =
gE £ s0- BGF: PE — Saldo(GFZ) = 1.63 * (z2%% - — 26.4)[kWhpe/m?ggral (max. 100.0)
col
92
.fUO_ i
ECx™ 35
o
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0
\‘\\”1\5\ \
-25 1 -
-50 c T T T T
0 0.2 0.5 0.75 1 15 2 3 a
Hoor area ratio
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by either:
achieve a balance dependir
on the density (red line)

or
Add the virtual density
context to your balance
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Curve- Parametrization of the Density Context

200 WIEN
® PEQ Zielwert
Top Down Approach E 200 . Schatzwert Nur Sanierung (ohne Erzeugung)
::'- 100 . Schétzwert Bestand
] PPU.L : — ‘ : . e
* Sectoral Targets (PE, Emissions, ) ] g ° 05 male 5t Caiasts Parameterization inot a
Sectoral si th © - . . .
» Sectoral size (growth) -g'm - : N direct representatiomf the
. " P. a¥ rt L]
] g -200 : o technical potential of a
* Average target for all buildings in Sector u . .
ge e & 2 300 | neighborhood as a function of
£ . .
= 00 : ; density.
3 * Define feasible targets for NON-PEDs i L
Other » Depending on density, vintage, etc... 500 The parameterization is only
Buildings FSI[-] . .
motivated by the technical
200 - 100000 ) )
» Building stock by above variables (density, vintage, ) ] = 'E - potential, but the actual CF is
; BGF Sani hne E £ < P
£ BOF Bosang e FrEUBAng s significantly lower than the
= m— BGF PEB Zielschitzung ogﬁ 2 technical potentials and need
pEsDs » Define Target function parameters such that (1) is reached E ﬁ:ﬁ::;;&;ﬂ:n’nr& r_';ani.enmg.(ohrm.EﬂELu&L—nSg ;é é echnical potenfials anc needs
3 e and ensures that over the
a E g . T
g 3z entire building stock, the
<
0 - 100000 future energy balance
© 2021 FH Technikum Wien C 1 2 3 4Fsl 5 6 7 8

&
&

Determines distribution of GFA in sector rGQUIrementS aCCOI’dIng tO
scenarios are met
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Context 1 for Operation: Density
From Zero to Hero:

I " @ Target

| | of the energy balance is a function of
1 | | district context, not just positive:

I
11 r} + Weighted Expor > Targ et

L I * Weighted Import | or equivalently
- ContextFactor > 0O
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Context 2 for Operation: Flexibilty
Assess Efficiency, Flexibility and onsite RES in a single KPI with weighting

— e e o o e o s [T TR B Em Em Em Em Em Em Em == == =

11 & Weighting ll |

I of Energy flows over the I

defined system boundary | | |

I | through conversion factors |

I

I

I

| I Conversion factors l I

for all energy flows | I |

I I Energy flexible operation | I |
1] can be assessed with

timedependent | | |

l — conversion factors I I

1] . dibiidai, I I

J

lh — _— — _— — _— — _— — _— — _—
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Example of dynamic PED weighting

18

PV-Uberschuss I
16
14

Netz

12 l
A_ A Netzdienlichkeit

10 s A oy " s L
8 l H [ .
Batterie
6 —] |
4 ] PV
2
—Gesamt

02.02. 07.02. 12.02. 17.02. 22.02. 27.02.

ugves

A Control In case of oversupply of solar power or wind peak shaving, the enabled storage tanks are charged: Component activation f
heating/cooling, buffer storage, battery, bicycle/car batteries in each case if available and depending on the enal{egignal
MaxTemperatures etc.). Variant alfa+mobil gseerving

A Simplified dynamic simulationThe temporal exchange between the services/sectors (conditioning buildings, eMobility, etc.) and the
storage can be precisely balanced with little effort (especially important for economic efficiency depending on the bosaesy. For
guality assurance, the use over the entire planning and operation process is useful.
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PED Beta™ (ndividua motorized) MODIIItY

A

>

> > I

Why bother? Futur&mobility loadswill substantially be covered by onsite RES (in climateneutral
scenarios)> consideration canptimize RES selitilization, grid support, usage of-Btorage
Allocation of offsite ressources follows Statistics (simildditmaaktivg Siedlung->fair and
independent

Demand calculation is dynamiedependant on location and usage of the district

Method can be used for all Austrian districts without additional data or effort

Groundwork for future dynamic models with price signals

16
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Context for Mobility: Surrounding Energy System

Scenario: 100% Renewable Austria 2040

Generation

60%
Central, large

Power plants
(Wind, Water,Biomass)

.. as well as the expanded public tral.

ot ™o,

¥ o
. =
. M

/)
-'l\EF/:
% nnt®

40% Yoz
Decentral !

(PV, solar thermal, ambient and
waste heat)

Demand

Balancing allocation model

Central power stations are balanced
with energy intensive usages first

Remaining surplus
can be allocated to districts as
“mobility credit”

Dispatch of regional RES Excess (wind peaks)
can only be realized through flexibility

.. balance decentral energy usage
(Building operation, use and
individual motorized mobility)

Embodied energy and
emissions for building
and mobility can be
considered as an
industry product with
associated targets.

PEQ Beta

+ motorized
individual Mobility

PEQ Alpha
Building operation
and use

Problem: Except for rich,
detached SFH with Teslas, no
District can additionally supply
its own mobility energy
Solution: Districts get a virtual
balance credit based on the

surrounding energy system
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Mobility Energy demand (cols) vs. 1 -

Comparison between energy
demand with 100% fossil (gray)
and 100% electric (colored by
usage). The mobility credit is
shown as a blue line and is
proportionally the same for all
uses.

300

250

KWhPE/m?NFA

Primary Energy Demand

200

150

100

50

300

250

200

150

100

50

0

Residential

Art
100% Fossile

= 100% EV
—— Context Factor

Mobility Region

(b)
Primary Education

Art
100% Fossile

= 100% EV
— Context Factor

11 12 22 23 24 32 33 34 91 92 93
Mobility Region

Office & Commercial
Art

100% Fossile

= 100% EV I |
—— Context Factor I

Mobility Region

(©)

| Art
100% Fossile

== 100% EV
—— Context Factor

11 12 22 23 24 32 33 34 91 92 93
Mobility Region

EUOI

(Alpha +WMobil)

Beta

- J ~
aus und OV-Qx
o1 W 11 22 . 32
02 I 12 23 B33
L) 24 [0
Froes UnanresPararuars
. soack 06a0n
¢ R B e A al B8 seAce
Traffic per [km/person]
Regiontype Walking Cycling Car-Driver Car-Passenger City-Bus Metro Train_Inter-Bus|Total
11 310 383 225 5.527 2.666 379 232 1.366 176(11264]
12 276 351 66 6.456 2.903 415 286 867 422[12042,
22 243 223 74 7.810 2.950 404 88 1.996 309| 14097
23] 211 188 65 7.846 2,734 566 200 940 17312923
24 165 73 133 11.831 3.363 380 99 482 90[ 16616
32 333 181 76 7.204 4.220 535 287 1.444 31(14311]
33 247 195 153 8.038 2.954 626 91 1.181 147|13632|
34 215 150 88 9.125 3.744 961 258 949 72[15562|
91 363 257 78 4.062 1.855 337 1.808 3.588 44[12392)
92| 339 114 78 3.414 1.803 326 2.031 1.394 33| 9532
93 235 116 146 4.291 2.035 165 1.978 1.463 67(10496|
Austria 2013/2014 269 235 121 6.696 2773 444 555 1.417 169/12679|

Calculation method in detail: In addition to PED Alpha, two components are addec
(dynamic) energy demand of the private everyday mobilityduced by the
neighborhood (statistically projected). This depends on the public transport
connection of the location, as well as the mix of uses in the neighborhood,
resulting in a neighborhoedpecific mobility profile and associated energy

demand.

A Mobility energy budgetas a balance credit from the surrounding renewable
energy system ("surplus” from central renewable lasgale power plants,

which is allocated to the neighborhood per created floor space.

19
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PEDOmega Scope 3 and climate neutrality 2040

Basis target maximum CO2 equiv per human 2040marcaused activities are included, all greenhouse gases are inclu

energy services, "material” services, sinks, etc.

Basis: treaty under international law, global warming to be limited to 1.5, but no more than 2 K compareddastrial time according to
Paris 2015 climate conferendg. maximum CO2 equiv budget per human by 2050 [Schellnhuber 2015]. With the same distribution ove
people in 2017 according to [Meyer, Steininger 2017], this results approximately in 96 t CO2 equiv per person.

Reference to neighborhoods: All measures that can be influenced in neighborhoods and buildings

~Budget Allocation approa¢iIP)

100.000
90.000
80.000
70.000
60.000
50.000

40.000 — o . 00000 g e e e

30.000

1.000t CO, Aquivalente

20.000

10.000

o T
1950 1960 1970 1980 1990 2000 2010 2020 2030 2040 2050 : - e S = -
Abbidung 3 r rd TGl Schward o1 1, 202 LN
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oaspernklimafitac the new
building standard of the SeeStadt Aspel

Whatis a , climate fit” and , future proof” building or district? @
Connect personal and ,,built” emission targets \

Today

klimafit 2023
ﬁ’ klimafit 2040
f & »Built emissions”:

. * Operation

o Q *  Embodied Energy
Mobility
+Mobility embodied
*  Plug loads

»Iindividual

emissions”
not determined by https://www.aspern
district seestadt.at/wirtschaftsstan

dort/innovation___qualitaet
[nachhaltigkeit



https://www.aspern-seestadt.at/wirtschaftsstandort/innovation__qualitaet/nachhaltigkeit
https://www.aspern-seestadt.at/wirtschaftsstandort/innovation__qualitaet/nachhaltigkeit
https://www.aspern-seestadt.at/wirtschaftsstandort/innovation__qualitaet/nachhaltigkeit
https://www.aspern-seestadt.at/wirtschaftsstandort/innovation__qualitaet/nachhaltigkeit

PED Omega Emission Target derivation e e
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THG-Emission in Tonnen CO2 pro Person und Jahr: Bereich Bauen und Nutzen, Betriebsstrom,

THG-Emission in Tonnen CO2 pro Person und Jahr: Alle Bereiche Alltagsmobilitit, Graue Energie
1 a 5
12 4.5
£ E
811 2
E I
g 10 E
£ 535
2 3
& a
2 8 z 3
El 5
g7 )
8 825
£ 6 €
& 5 e 2
£ £
c I
§ 4 15
Il
% 3 2
ui 5t
2 [}
g 4 [
i 05
—— .
0 — —_— . — E—
Durchschnitt aktuell aspern Klimafit Bezug 2023 aspern Klimafit 2040
Durchschnitt aktuell aspern Klimafit Bezug 2023 aspern Klimafit 2040
W Bauen und Wohnen: Heizung, Warmwasser, Kiihlung M Haushaltsstrom (ohne Warmwasser) / Aligemeinstrom W Bauen und Wohnen: Heizung, Warmwasser, Kiihlung M Haushaltsstrom (chne Warmwasser) / Allgemeinstrom
M Privater Verkehr / Alltagsmobilitit: Betriebsenergie (inkl. OPNV) Bauen und Wohnen: Errichtung+instandsetzung ("Graue Energie") H Privater Verkehr / Alltagsmobilitat: Betriebsenergie (inkl. OPNV) M Bauen und Wohnen: Errichtung+Instandsetzung ("Graue Energie")
M Privater Verkehr / Alltagsmobilitat: Herstellung ("Graue Energie") Restliche Bereiche mPrivater Verkehr / Alltagsmobilitdt: Herstellung ("Graue Energie")

Total CO2 footprint Austria (consumpticrelated) CO2 footprint that can be influenced by neighborhoods/buildings

On this basis, the maximum CO2 footprint currently (current conversion factors) is 0.8 t CO2 equiv/person a.
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PED Omega: Targets

Methodik Zukunftsquartier

The Emisison credit for PED Omega 2023 is 0.8 t CO2equiv/EW a! This must cover all services according to system b@megeay PED
A Space conditioning, ventilation, regulation, domestic and operational electricity, etc. (system boundary PEQ Alpha).
A In addition to PED Alpha coverage of motorized individual mobility (system boundary PEQ Beta)
A In addition to PED Beta, coverage of operating energy for everyday public mobility, plus gray energy for buildings tifecyictsr
and for everyday mobility (PED Omega).

For Austria as a whole (assumption simplified 9,000,000 PE), this results in 7,200,000 t CO2 equiv a, which a totakElthatiate
building/everyday mobility sector should emit2023, ormust achieve in the next 17 years (incl. adjustments according to the
transformation of the overall energy system, mapped in OIB conversion factors).

The following guidelines are applied for a "fair" allocation:

Neighborhoods with high space efficiency (FAR) get a credit in terms of CO2 emission budget. (Allocation factor
density PEQ_Omega).

A New development neighborhoods provide at least some of the residential, employment, educational, or commercial needs.
Therefore, at least some of the existing CO2equiv budget is shifted from redevelopment to new construction. (Allocation Facto
Redevelopment/New Construction_PEQ_Omega).

A Uses away from housing must cope with a significantly higher volume of everyday mobility. (Allocation Factor Destinayidas Eve
Mobility PEQ_Omegao s
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PEQ Omega Ansatz CO2 Budget

Tabelle 3: CO.-Global-Budgets ab 2020 fiir verschiedene Klimaschutzziele und Eintrittswahrscheinlichkeiten.
Zuordnung der Pro-Kopf-CO,-Budgets fiir Osterreich durch Zuweisung des 0,00115 %-Anteils an der Weltbe-
volkerung. Fiir die Wohnnutzung wird ein in etwa gleichbleibender Anteil von einem Fiinftel angesetzt

(aktueller Wert AT: 17 %, siehe Kapitel 1.1). Quellen: (IPCC 2021, STP S. 41) und eigene Berechnungen. Nahere
Angaben finden sich in (Vallentin 2021).

Klimaschutzziel CO,-Global-Budget Ero-Kopf-COz-Budget I:ro-l(opf-CDz-Budget
Pfad (Wahrscheinlichkeit) ab 2020 (IPCC2021) Osterreich Osterreich - Wohnen
A 2-Grad (50 %) 1.350 Gt 174 t/P 34,8t/P (118 %)
B 2-Grad (67 %) 1.150 Gt 148 t/P 29,6 /P (100 %)
C 1,75 Grad (67 %) 700 Gt 103 t/P 20,6 t/P (61 %)
D 1,5 Grad (67 %) 400 Gt 52t/P 10,4 t/P (35 %)

Quelle:Plof3 Ochs, Sigg et al: Le@ostnZEB Pariskompatible Mehrfamilienhauser. Dornbirn 2022
A Aktualisierung auf Basis 2023 erforderlich
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PEQ Omega Ansatz CO2 Budget

14 Klimaschutz-Korridor
£ 1o Fpnissioner) 1990 - 2421 =3 Klimaschutz-Zielfeld
E 10— = |ST-Emissionen 1990 - 2021
§ \'\,.Q‘\ € Ziele Bundesregierung im
2 8 & Vergleich zum Stand 2005
@2 T .
uEJ 6 - T 2030: - 55%
< 4 Klimaschutz-Kerridor +_{A , Trendenpwicklung 2040: Klimaneutral
o B ca. 4 t/Ph (2050)
g c <
E 2
f{ . g |_J
o Klimaschutz-Fieffeld—|
O o 0,5/ 2,0tPa

1990 2000 2010 2020 2030 2040 2050 2060 2070

Abbildung 6: Entwicklung der Pro-Kopf-C0O,-Aquivalent-Emissionen in Osterreich 1990 — 2021. Zur besseren

Einordnung sind die 0.g. 4 Pfade A — D sowie der daraus gebildete Klimaschutz-Korridor (grau hinterlegter

Bereich) und das Zielfeld (rotes Rechteck) eingetragen. Dariiber hinaus sind eine Trendentwicklung und die
Klimaschutzziele der 8sterreichischen Bundesregierung eingetragen.

Quelle:Plof3 Ochs, Sigg et al: Le@ostnZEB Pariskompatible Mehrfamilienhauser. Dornbirn 2022
A Aktualisierung auf Basis 2023 erforderlich
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PEO Omega

PEQ Omega bauliche Varianten (Baustoffe) - Projektwerte und Grenzwerte
Kennwerte Projekte Zukunftsquartier Synergy, bzw. ZQ2

Treibhauspotential
35

30

25

kg CO2 equiv/m?NGF a

Max Projektwerte

== Min Projektwerte

« Grenzwert Var 1,0 tCO2e/Pers a 2050

Grenz_gleich aspern klimafit 1.0

——GrenzwertCO2e Budget Var 2 K 67%

—PEQ Omega 2 Kelvin (67%)

~——PEQ Omega 1,5 Kelvin (67%)

——GrenzwertCO2e Budget Var 1,5 K 67%

Characteristics Projects 2023
(White Paper 2022)High
efficiency building
(PH)Characteristics variable wi
allocation of use and densityNc
optimization Mobility across
basic assumptionsComment:
delete allocation new
construction/renovation.Influen
ce C storage has positive effec
on low densities (is logical).
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Suburban Residential 2 Urban Mixed Use
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