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= Climate crisis hits societies in
Europe and globally

» Carbon emissions massively have to
be reduce to achieve Paris agreement

» German legislation aiming on climate
neutral building stocks until 2045

= District level has shown potentials to
increase efficiency while lowering
costs of renovation concepts

Final energy consumption by sectors in Germany (2019)

15 %
’ 28 %

Total:
2,493 TWh

B Commercial
Households

I Transport

M Industry

27 %

30 %

Source: German Energy Agency (2022) — Building Report 2022 (translated and highlighted)
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Aim and scope of project E*Q
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= |[dentify renovation concepts for
districts which contribute to achieving
climate mitigation targets while
preserving economic feasability

» Supporting stakeholders in district
renovation planning in early project
phases

=Scope
= Focus lies on urban settings

» Only market-available technologies
shall be reflected

= Evaluation of local renewable energy
sources for heat and power
production shall be sound
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E*Q Methodology
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Evaluation indicators
Energy
Final energy demand ]—-—[ in kKWh/(m?*a)
(.
(
Self sufficiency from .
S
Self consumption .
L (electricity) ]_-_[ in % )
Ecology
p
Global warming potential ]—-—[ in kg CO, ¢/(M2*a)
(.
( .
Non-renewable primary in MJ/(mz*a)
energy demand

Economic viability

[

Present value of
life-cycle costs

in €/m2 ]

[

Investment

in €/m2 ]

-

@&
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Reference area: heated useable floor area J

N
Balancing boundaries

Construction

[ Thermal insulation, ][

exchange of windows Building technology ]

Usage

Household
appliances

Domestic Heating, ventilation,
hot water cooling

- Eelectricity from local
' renewable energies
e rccccccccccce- -

German EPC boundary v

i Primary energy need
i = Final energy need * fo o ier

Demolition

-

Thermal insulation, Building technolo
exchange of windows 9 9y

/
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E*Q Methodology
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Archetype districts ( Input parameters |
™ [ Building model ] [ Supply infrastructure
\%ﬁ [ Archetype district ] iﬁ] .
tocalgria ) (pecentrally) |_oH grig
AD1 AD2 AD3 [ Insulation level of | [ Building technology
Detached single Semi- Terraced

bundlng envelope —
family homes detached houses |Z| |Z| .
. Boiler CHP substation,

o S, - Pamalref ¢swck HT 5% Y
g - * . ) D

HT’ 55% HT’ 85% HT’ 100%

AD4 AD5 AD6 ﬁ
Detached Linear apartment  Apartment ( User behaviour ) W oo slﬂ‘;?.ﬁw

apartment buildings buildings blocks I :]
[ Weather data ] E Thermal @
e Battery storage. storage
B, s n y . J
5 f I /
- ¥ L4 E

\

~ Simulation of 4Q early SIEESE
Building simulation i
ﬁp?;rtment blocks ﬁilzgar apartment ’ district's local grids evaluation tool
higher density buildings, more levels Ifé:? IDA ICE ?:i' IDA ICE | Energy balance database
l |« Life-cycle costing (LCC)
AD9 .
; . - * Life-cycle Assessment (LCA
City center, mixed building types Heat and power balance p yt . f ] ( )
_ ‘ o for calculation of energy related g resentation of resufts
\_ In total 23 variants (size of districts and roof types) Y, indicators of archetype districts

André Miiller | Sustainable Places 2022 | Sep. 06 — Sep. 09, 2022 | Nice, France
Early stage optimization for urban district renovation in Germany EEE%%EFHBLE



E*Q early stage evaluation tool

UNIVERSITAT
DARMSTADT

TECHNISCHE || nstitut fur

- IWU

Bitte fuihren Sie die folgenden vier Schritte aus, um fiir ein Quartier eine U
Energieversorgungskonzepte durchzufiihren.

Typquartiersauswahl - Gebaudestruktur

— Quartierstyp

Wahlen Sie ein Typquartier aus.

Schritt 1: Erstellen Sie das zu untersuchende Quartier. Dazu kénnen Sie eir|
Typquartieren auswahlen.

TQ6a Blockrandbebauung (Schrigdach) g|

Anzahl Gebaudetyp Baualter Zustand NGF in m?

1 Blockrand vor 1978 |und Decke OG 14070

Versorgungskonzept: Nahwarmenetz mit Zwei Kessel im bivalenten Betrie
TWW dezentral, Flachenheizung

Abkiirzungen: WP - Warmepumpe ; BHKW - Blockheizkraftwerk ; RLT - Rau

Schritt 2: Definieren Sie die zu untersuchenden Versorgungskonzepte. Sie
Maéglichkeit bis zu vier Versorgungs- und Sanierungskonzepte fiir den
Variantenvergleich auszuwahlen.

I TQ6a Blodkrandbebauung (Schrégdach) geringer bis mittlerer Dichte -5

Wahlen Sie den Standort.

[~ Standort und Ausrichtung der Gebasude

I Potsdam (Referenzstandort)

Definieren Sie die Ausrichtung der [

nord — siid

— Baukonstruktion ————
Wahlen Sie das Baujahr der Geb&ut

I wor 1978

[ Bewohnerstruktur der Wol
Wahlen Sie die Soll-Innentemperaty

20° - Standard

- Wahlen Sie, ob Einzelgebar

kein Einzelgebau
({noch nicht imple

Quartiersversorg|

1. Variante

Schritt 3 (optional): Passen Sie die Randbedingungen fiir die 6konomische
6kologische Bewertung der Varianten an.

Schritt 4: Starten Sie die Berechnung.

i Quartiersbeschreibung ——
Gebaudetypen:
1Blodkrand aus je 5 Hauseing'anga|
Stockwerken und 209 m2 GF

160 Wohneinheiten
14.070 m2 Wohnfiache

Abbrechen

Auswahl der Versorgungsvarianten

Wie viele Varianten machten Sie untersuchen? [ 3 -

Variante 1 Variante 2 | variante 3 |

TQ6a - Blockrandbebauung (Schrigdach) geringer bis
mittlerer Dichte - GroRe S

Quartierssteckbrief

[Anzahl Gebaudekorper

Einfamiliel

[Anzahl WE
Netto-GF

9%

9%
17.280 m?

Status Quo

g

GWP
PEnescal
lo

Co

Qs
../
Nsel

50{kg €O, eg/m?a
76|kWh/(m?*a)
o|e/m*
673|€/m?
204 (kWh/(m**a)
of%
0%

Nistswon

Qureg/

Sanierungsvariante 1

[~ Variante2

der

| HT" 85% zum GEG Niveau

Wahlen Sie das Konzept der Warme|

d e

— Gebdudeversorgung

Wahlen Sie den Wiirmeerzeuger im Gebéude.

| Ubergabestation

Wahlen Sie die Art der Warmeilbergabe in den Raumen.

| Heizkérper VL max 60°C

5|

Wahlen Sie die Art der Trinkwarmwassererzeugung.

[ zentra

Wird Solarenergie auf den
Gebéudedéichemn enutzt?

st mit PV-Anlagen belegt?
Haben die Gebaude
Batteriespeicher?

Verfiigen die Wohngebaude iiber
eine RLT-Anlage?

Wie viel der verfiigbaren Dachflache

|

[ o
vol =
nein B

nur natiirliche Liftung

Gwp 28|kg CO, oo/
O @ PEncica 120 |kWh/(m?*a) [
ars || Iy 64|e/m?
) Co 467|€/m*
® ol o 96|kwh/(m?*a) a
e O/ Q 0%
i~ Quartierszentralg et of% Nensron Qureg/Q
in der
Sanierungsvariante 2
BHKW (+ Spitz Gwe 22[kg €Oz fma
Energietrager BHKW PEncica 92kwhy/(m**a)
HTE: lo 194|€/m?
Erdgas Co 881(€/m?
Qs 82[kwh/(m**a)
Vorlauftemperatur des 0/ 11|%
WL 70° konstant et 96|%
Sanierungsvariante 3
GWP 24|kg €O, oo/ o
PEne.ca 87|kwhy/(m?*a) Pl G
lo 187(€/m? /
q q [ 688|¢/m*
Gibt es ein Quart| o s3lowh/ma)  [swe a
Quartiersspeicher - 0,/ 27|%
Strom et 30/% Netsron Qgreg/Qr
Gibt es zentrale PV Anlag|
Quartier?

GWP
PEne.cal
lo

Co

Qs
o/

Sanierungsvariante 4

Nserr

19 kg COp co/ma

68|kwh/m?
204|€/m?
666|€/m?

41{kWh/(m?*a)

33|%

29]%

Natstom

Qureg/Qr
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Urban district analysis - Demonstration
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Demonstration district Results
il M Status quo m Addition of storeys, CHP
- BUIIC_“n_g complex from 1950s 600 B Refurbishment, CHP + PV B Refurishment+, Large-HP + PV
= 4 buildings, 3 levels, 500

51 apartments

400
» ca. 3600 m2 living area 200
= Refurbishment in the 1980s 200
» Local heating grid (gas boiler),
DHW decentral electrically 10 II I I
" - GWP PE,. lo Co

Qf,E4Q Qg,reg/Qf I’]self,el.

o

= All concepts lower the lifecycle costs (C,)
* CHP and PV lead to Cy- & GWP-reductions

= More ambitious refurbishment level needs additional
investments achieving a small additional C, reduction

= Most ambitious refurbishment can be ,cross-financed'

g AeroWest,GeoBasis-DE/BKG,Maxar Technologies,Kartendaten © 2022) J \ /
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Urban district analysis - Scenarios e IWU
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Aim 200 ] Selfsufficency from M 2 evaluation criteria
= |dentifying universally advisable . Qo) 4] are needed

district renovation concepts

= Derive recommendations for
stakeholders (public administration,
local politics and enterprises)

8
8

renovation concept [€ / m?]
IS
8

Difference of status quo and

-50 -25 0
Global warming potential (GWP)
Difference of status quo and renovation concept
[kgCOZ,eq/(m2 * a)]

25

Present value of lifecycle costs (C,) \

= Scope
= 26 status quo input parameters for
each of the 23 ADs
= >1 Mio. renovation concepts per AD

750

Total of renovation concepts

Present value of lifecycle costs (C,)

Input parameters of the status quos E o
AR w,
Insulation level of
building envelope ok 0
=58.086
(659 (B A (B i
[ Supply infrastructure ] @/%g °
Local grid Decentrally DH gri 20 . 40 ) 60
— i Global warming potential (GWP)
— Total of renovation concepts
( Building technology | |Z| (kgcop e/ (" )]
\_ Boiler ) CHP substation,

o

-

50

= better than status quo

25

= in line with national climate
mitigation targets

0

Improvement compared to
status quo

= Results show

» Higher shares of local RE
increase an economic
viability (C,) while
decreasing GWP

Self sufficiency from
local RE
(Qg reg/Qn) [%]

= Multiple renovation
concepts fulfill both criteria

Concept with low overall GWP

Concept with high overall GWP

%
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Conclusion

@l Teconisce | nstitut fur

G2/ UNIVERSITAT

7 DARMSTADT

*E4Q early stage evaluation tool
allows for

» Assessments of district renovation
concepts w/o demanding data
acquisition

= Generic recommendations on
promising concepts are derived early
In the planning process

= dentifying optimized renovation

concepts based on a holistic set of
indicators

»Scenario analysis shows, that

» Highly ambitious concepts are
technically possible and
economically viable

= Integrated district renovation
concepts need new forms of

stakeholder cooperation
(burden and profit sharing)

= Additional constraints have to be

considered
(fossile phase-out and biomass potentials)
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