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POSITIVE ENERGY DISTRICTS (PEDs) -

n PART 1 Whatisa Pasitive Energy Districts“ ?

3 Goals
3 Examples
3 Definitions

n PART 2  Whyandhow the PEDs connectedto our societalclimate goals

3 Connect TopownandBottom-Up goalsquantitatively
3 Measureflexibility andsupportfor carbonneutrality
3 Examples



Tell me about yourself: What is your background?

Top

Start the presentation to see live content. For screen share software, share the entire screen. Get help at pollev.com/app
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What | do @ —w
Sustainable buildings and cities research group

n R e s e alivablke Pdsitive Enerqy Distridko(PEQ

o Try to connect climate goals with buildinggg

Res.technikum-wien.at/sbc

Zukunftsquartier /2.0
FLUCCO#

DIGENSIO Zukunftsquartier i > Study programs

Smart Readiness ‘ ) . X 7 11" ’ & courses
Indicators Austria

Plus-Energie Campus Digital Jser integration
Infrastructure



https://res.technikum-wien.at/kolpeq/index.php/das-projekt/
Res.technikum-wien.at/sbc
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What we do @
Sustainable buildings and cities research group

Work
transdisciplinarily and & Hglistic, multidisciplinary
put the user in the assessments (techn., ener.,

nnnnnnnnnnnn spotlight ecol., econ., Usability,
AMM o B Gender/Diversity)

“?&I N =

Res.technikum-wien.at/sbc

Develop Simulation &

Visualzation methods Research Positive Energy

b Districts and energy
o 4 e iti
£y . W autonomous Cities

-

A
s R e 1N

Energy flexible Building

concepts Research and develop
Positive Energy Buildings
(NZEB) concepts

Highl fficient
IgBUiylldeirr:grggnecelsgn Modelling and simulation of

and Thermal Comfaort



Res.technikum-wien.at/sbc

What do you associate with a positive energy district?

Start the presentation to see live content. For screen share software, share the entire screen. Get help at pollev.com/app
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EU Goal: 100 Positive Energy Districts by 2025

The Strategic Energy

Technology (SET)Plan 3.2

Europeto become a global role model in integrated,

Innovative solutions for the planning, deployment, al

replication ofPositive Energy Districts

TheJoint Programmingnitiative URBAN EUROPE

(JP1) Urbaicurope

© 2019 FH Technikum Wien

Source: (JPU Urban Europe, 2020)



https://jpi-urbaneurope.eu/app/uploads/2020/06/PED-Booklet-Update-Feb-2020_2.pdf

Applied Sciences

PED Framework: Functions of PED/PENs

. . Target:
in the regional energy system Optimisation of the three functions

of PEDs (energy efficiency, energy
flexibility and energy production)
towards climate neutrality and
energy surplus by taking into account
the guiding principles

Guiding principles:
* Quality of life
* Inclusiveness
* Sustainability

Enablers:

* Political vision and governance
framework

* Active involvement of problem
owners and citizens

* Integration of energy and urban
planning

* ICT and data management

Positive Energy Districts — Simon Schneider, MSc. — Green Building Summerschool 2020 Linerstty of

URBAUROPE

Source: (JPU Urban Europe, 2020)



https://jpi-urbaneurope.eu/app/uploads/2020/06/PED-Booklet-Update-Feb-2020_2.pdf
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PEDs in Europe:

n 2  In Operation

n 19 In Implementation

~ 8 InPlanning

n 11 In Operation

o 14  In Implementation

~ 6 In Planning

(JPU Urban Europe, 2020)
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https://jpi-urbaneurope.eu/app/uploads/2020/06/PED-Booklet-Update-Feb-2020_2.pdf
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Schweden

Finnland

Example PED: Smart Energy Aland -u ... cuone 200

Turku pelsinki
A o
¥ ®

City Aland Island, Sweden S Tallinn
stad Stockholm @
®

Project name Smart Energy Aland - A society scale demo of an energy system running on reg
Project startg end 2014- 2019
Projectwebsite  https://flexens.com/the-demo/

Size of project aredlandlslands, Area: 13,300 knPopulation:30,000

Estlanﬂ

Themain Goalof the project for2030 is to:

A Reducecarbon dioxide emissions by at least 60% compared to 2

A Increasehe proportion of renewable energy to at least 60%.

A Increasehe proportion of locally produced renewable electricity
at least 60%.

A Reduceemissions from road traffic by at least 50% compared to

Unique features

A Energy Autonomous

A Full society scale

A Adopting future EU regulation

A Location in the tempered climate zone
A A platform supporting open innovation



https://flexens.com/the-demo/
https://jpi-urbaneurope.eu/app/uploads/2020/06/PED-Booklet-Update-Feb-2020_2.pdf
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Example PED: s

Carquefou (Nantes), France Fleuriaye West:u uban curose, 20:0)
City Carquefou (which is one of the 24 cites of Nantes Metropole), France
Project name Fleuraye west

Project startc end 1995—-2022

Project website www.quartierlafleuriaye.fr

Size of project ared7 ha- FleuriayeWest project

Building structure Newly builtx Existingneighbourhoo® Mixed 3 " :,.,.,, o

Unique features

A 100% Renewable Energy Supply (Annual Balance)
A 100% Passive House Standard

A soft Mobility

A Materials for circular economy

- ',A'///f liﬂﬂ\\\\\\
g = v e = | ey
/ shuna ¥ anrer <oomm ‘
| )

E— !l  —

b

e



http://www.quartierlafleuriaye.fr/
https://jpi-urbaneurope.eu/app/uploads/2020/06/PED-Booklet-Update-Feb-2020_2.pdf
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PED Projects — Average distribution of space use

Office
15%

Residential
58% Industry /
Production
2%

(JPU Urban Europe, 2020)



https://jpi-urbaneurope.eu/app/uploads/2020/06/PED-Booklet-Update-Feb-2020_2.pdf
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WIEN
PED Project goals and ambitions

16 m (Energy efficiency)
14

12
10

m (sustainable neighbourhoods)

m (Positive Energy)

m (social aspects / affordability)

m (climate neutral)
B (Zero-emission)

m (Carbon-free)

O N B~ OO @

B (Energy neutral)

(JPU Urban Europe, 2020)



https://jpi-urbaneurope.eu/app/uploads/2020/06/PED-Booklet-Update-Feb-2020_2.pdf
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WIEN
PED Projects — Areas of activity and focus

| | | |
Building21

Business Model$8

(Local) administratiod5
Retrofitting 14

Sustainable productioh?2

Legal frameworkid 2
| |

0 5 10 Districts 15 20 25



Positive Energy Districts — Simon Schneider, MS€.Green. Building. Solutions. Summerschoo2020 -

TECHNIKUM
WIEN

Multiple aspects and dimensions of improvement

o CarbonFootprint

g

1}
n Ecology 5

2
n Energy $
n Economy

n Liveliehood

n Comfort

~  Sociakqualityand participatic

o Aestheticsaandcityscape

Negative Imapct

(Attia, 2016)



PEDs are a story -telling device:

“Positive Energy Districts” aim to push further

in sustainable and

offer higher o

ow-emission building,
uality of life and

enable a carbon-free society
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Utilized technologies in PED projects

Wind powerl

Ecological materials
Innovative Energy Managmetht
District storage (eV, Ice, 2nd life Batteries, T.)

| Demand Side Manageme#t

Waste heat utilization (Industry, waste watdx)

-Heat pumpsl6

Technology

Lowtemp district heating, anergy networls3
Hybrid collectors (PVST

Geothermall2
Solar thermallL3
PV 12

0] 2 4 6 8 10 12 14 16 18
(JPU Urban Europe, 2020) Districts



https://jpi-urbaneurope.eu/app/uploads/2020/06/PED-Booklet-Update-Feb-2020_2.pdf
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The Three Pillars of a I  local o
" S Utilization of local renewables
Positive Energy District
e Solar Thermal , PV
And common measures « Heatpumpsw/ ambientheat (ground water,
air)
* Localwaste heat from cooling wastewater
— -andprocesses D
N PED Energy Flexibility
Energy EffICIency > Thermalstorage Buffertank,
e Thermalhull: passivehouse TABS boreholes

 HVAC Lowtemp heating,heat
recoveryventilation

 Demand eff. Lighting appliances

» Electricstorage DSM, lpatteries
e-cars)

* USER flexibility

servicefluctuations



So when can you call your project a
“Positive Energy District”?



The tricky trade of defining a
consistent framework of system
boundaries and indicators
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PED System anatomy

/ on -site
renewables

_-_\I

(
)

]

=)

R —

-
- -
[ -
—— L

building system boundary

(Sartoriet al., 2012)

energy grids

-

/ delivered energy ) ) -

‘.._-------'..-.
[
LY

L

T 7. . electr@cit:rr | ™,
/ district heating/cooling

I | natural gas

I i biomass

! exported energy :
other fuels

=

-
i e

Weighting system
[kWh, CO,, etc.]

weighted supply

Net ZEB balance

FH
TECHNIKUM

WIEN
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energy grids

f N H 7
load 1 1 £ dis \
I / { )
! na as
generation | | / 1 ex 5\ i s /!
exported ener \
(e AN

\__I._.o

Basic principle: Balancing inputs and outputs -

Net ZEB balance

METRIC Feed-in credits
* final energy &
primary energy, nonrenewable
primary energy, total
carbon emission credits exceed needs
exergy
costs QQ\
@Q
0@
BALANCE BOUNDARY é\'\’
* HVAC, DHW & lighting W ioads sinedcradis
+ appliances & central services /
+ electro mobility @

+ embodied energy / 74

»  BALANCE PERIOD o———9 »

Input * operation year demand reduction Energy needs
= total period of utilization

*» |ife cycle

creqits

(SHC Task 40 EBC Annex 52 Position paper, 2015)



Quick check, are you familiar with the metrics?

Final Energy

Primary Energy, Non Renewable
Primary Energy, Total

Exergy

Carbon emission (equivalents)

Start the presentation to see live content. For screen share software, share the entire screen. Get help at pollev.com/app
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Basic principle: Balancing inputs and outputs

Timeframe 1year
g ]

20 —FW+Netzstrom konve

\
WP_SG2+PV3

[kWh/m?a |

FW+PV2

PrimaryEnergyBalance

—WP_SG2+PV2

(Sartoriet al., 2012)

FH
TECHNIKUM
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Boundaries of included energy services

@
3]
c
©
3
<)
| -
b
-
LL
-
®©
E
S
ol

WP_SG2+PV3

FW+PV2

—WP_SG24PV?

140

120

100

PrimaryEnergydemandfor energyservices
o)
o

Energyservicesonsidered

Embodied
Energy

-,

Mobility

Userservic

Hot water

Cooling

$N

Net ZEB balance
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Spatial boundaries of balanceable
Renewable Energy Sources

3 Implicit connectiorbetween
energy use intensity and

land use intensity

" Less RES onsite

5 More Land for energy

somewhere else

(Marszalet al., 2011)

Net ZEB balance

I. Generation on

bulldmgs footprmt :

EII On-site generatlon from on-site renewables

(no source transportation - sun, wind...)

11l. On-site generation from off-site renewables
(Transportation of sources needed - biomass...)

IV. Off-site generation
(Investment in off-site technologies - windmill...)

V. Off-site supply

(purchase of , green” energy - ,,green power”...)



PED as a

well-defined benchmark:

Measuring its contribution to a climate-neutral
and carbon-free society
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IEA World Energy outlook: Sustainable developement scenarios
No single or simple solutions to reach sustainable energy goals

Energy-related CO, emissions and reductions in the Sustainable Development Scenario by source

Current Trends

ds, rial electric motors
ings

Wind
Solar PV
Biofuels transport

Fuel switch, CCUS

CCUS industry and other
Behavioural change
Resource efficiency

I I I I I
2010 2020 2030 2040 2050

A host of policies and technologies will be needed across every sector to keep climate targets within reach,
and further technology innovation will be essential to aid the pursuit of a 1.5°C stabilisation



https://www.iea.org/reports/world-energy-model

Can we derive from this curve how much energy
and emissions are allowed /necessary for a PED?

What happens if we apply an annual primary energy balance?

Where do we account for the embodied energy of the
How will this lead t@eroemisisons I f we don’t have the energy whg

29
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Local supply depending on floor area?

o The bigger the building, the bigger the supply?

35 Disadvantages compact districts that use land sparingly

PV Barely feasible

P\/ trivial
N

| SamePLOT |
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,Classic” Net zero energy balance remains unfeasible
for dense urban projects

Primary Energy Balance [kWh/m?2a]

-10,

40,0

30,0

20,0

10,0

0,0

o

-20,0

-30,0

-40,0

-50,0

-60,0

Net Zero Energy

I I I I ol Net Zero Energy failed
-40,5 -40,3
\ |
R /_/ L ,_/ H 54,0 R /_/
PV PV DachY Pv Dach PV PV Dach \Y{Dach PV PV DachY Pv Dach PV PV Dach Y Pv Dach
optimiert max nur Stid | optimiert max ur Std | optimiert max nur Stid | optimiert max nur Sud
Pilzgasse Ottakringer Kuhtrift

Feasibilityof moderate P\tilization (50— 100% ofroof surface$

- TECHNIKUM
WIEN

| Entire
building
Envelope
needsto be
Photovoltaic
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The goal of PED system definition frameworks
The Purpose of PEDs

V' Connecting the global/nationalclimate goalsof a carbonneutralenergysystem2050

with the local energy goals of a district

V L, whatisdesireabl@—'= >whatisneccessary “

Sustainableenergyconceptsfor districts that will work in afuture carbonfree energysystem2050

V' Categoricaimperative (Kant):

A aPBsitiveenergydistrictsV  Yatidereto § LI2 & mulésiviies i#appliedto the entire building

sector, would sufficein acarbonfree energysystentd a



University of
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Connect Top-Down
Renewable energy system 2050
Final energy demand Austria 2050 Gross domestic energy supply Austria 2050
1 600 : 1 600
m Agriculture
1 400 : 1400
® Industry / Production
1200 - 1200
m Mobility
1 000 . : 1 000
300 m Buildings (Home, services) 800 S
n-600 (510]0) r— 7-7—7
200 200 -
; S . H
-200 -200 | ‘
2010 2050 2050 2050 2050 2010 2050 2050 2050 2050
[UBA  konstant  0,8% [Veigl [UBA [UBA 2016] konstant 0,8% growth[Veigl 2015][UBA 2016]
2016] [Streicher growth 2015] 2016] [Streicher [Streicher
2011] [Streicher m Import /Export2011jm Hydrégé] WESE
2011] Coal QOil NETEIRER
m Geothermal B Heat pumps Solar thermal
Biogenic m Photovoltaic ® Wind power

(Schneider, et al. 2020)
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Austria in 28658-2040 is 100 % renewable
aran S

100 % Renewable Energy in Austria (2050)

Central power plants Decentral, local energy supply systems
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Austria in 28658-2040 is 100 % renewable
aran S

100 % Renewable Energy in Austria (2050)

Central power plants

i

Cover industry,
production and public
transport Surplus can be allocated

per person
O O
i i

Eh_ E%_ E[_\_

yCentral surplus credit for PEDs
including private mobility“ ‘
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Austria in 28658-2040 is 100 % renewable
aran S

100 % Renewable Energy in Austria (2050)

Central power plants Decentral, local energy supply systems

Cover industry,

production and public
transport Surplus can be allocated per

erson
o

,central surplus credit for
PEDs private mobility“
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Austria in 28658-2040 is 100 % renewable
aran S

100 % Renewable Energy in Austria (2050)

Decentral local energy systems

N

Single family hoses:
Low density and energy demand
High energy supply potential

Urban housing:
High density and energy demand
Low energy supply potential

A can oversupply locally

A can supply less locally
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Austria in 28658-2040 is 100 % renewable
aran S

100 % Renewable Energy in Austria (2050)

Central power plants Decentral, local energy supply systems

Cover industry,
production and public Single family houses: Urban housing:
transport Surplus can be allocated per Low density and energy High density and energy
%son = demand demand

High energy supply potential Low energy supply potential

»Central surplus credit fOI" A can oversupply locally A can supply less locally

PEDs private mOblllty” _
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District density:
The most important predictor of a district’s energy balance

~ Solar potential scales with plstze

Spec. PV Yield
[kWh/m?FloorArea/a

]

140

e
N DO O O N
©O O O O o o o

o Simulationsergebnisse-- Moglicher PV Ertrag

C‘;.u
ES
E
o " @)
o R o

.......... m.,.Q__%'".. .“% I

= L T2 YT PP pes SN ST
o8 ?
2 3 4 5 6 7 8

Floor space Index = Useable Floor Area / Plot Size

FH
TECHNIKUM

WIEN
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Attempting to combine top-down and bottom-up targets

60%
centralized”
power plants
(Wind, Hydro,
Biomass)

40%
decentralized
power systems...
(PV, solar therma

Supply

as public transpor}

...supply the
locally remaining

energy demand

Primary Energy

Demand

Production
I I (industry and

& agriculture)

Public
fijmmay)

M transport

________ | ZQ PEBm

I Private mobility
|

ZQ PEB
Building energy
demand

WIEN

Building and
private Mobility
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District density:
. . (] (] (
The most important predictor of a district’s energy balance
300
A Renewable Fossile
200 A
A A
T 100 A |
E A A : A Floor space index (FSI) [-]
< 0 n n n n
2 100 ¢ O S —Ak G ETRAT 35 4 4,5 5
= -200
(an]
8 -300 - — A==
2 400
E -500
" 600
\ N A _ J
gﬁ;‘j}j?n”y Row housing slockhousing g oyrce: Buildingypologyvariationsfrom

housing SC Microguartiere
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Balancing Target depends on Density:

o PrimaryEnergyBalance (PEB)sa function of the floor

spaceindex

Floor space index [-]

Project

1030 Vienna Ottakringer Pilzgasse  An der Kuhtrift

2,5 3 3,5 -

4,5 5

Primary Energy Balance [kWh/m?a]




Positive Energy Districts — Simon Schneider, MS€e.Green Building Summerschool 2020 -

TECHNIKUM
WIEN

100€ of Storage gets you (2017):

ElectricaBattery | 0.1 kWh

HightemperatureSolidStorage B+ 4 kWh

Bauteilaktivierung
(Fechner,ThebavolQualifizeriung2017)
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Thermal Energy Flexibilty depends on thermal hull quality!
Q Reference Case (Medium Weight)

Reference Case + use of passive solar gains

°

+**""*s, +High Thermal Mass (Heavy weight
: * construction)

°
tececond

\
=]

772 7T I 3

..-“'-.,. + thermal storage 0,6 kWh/m?
(e.g. 0,17kWh electic /m*+ heatpump x 3,5)

-
:.Ct...;

v
C

B
<o
7RLIT772

w
[+

a7
(=
=
o
m©
]
-
o
C
-—
o
@
I
Q
®
£
R
w

|
|
J

Sl 7SS S I LS L NLLLLLES ST LTSS LI IIL LIS IS,

Delayed Operation [h]

(WeiB et al., 2018)
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Development and simulation of grid supportive energy management

~  Storagecapabilitiesprovidedby components

Boreholefield
, E a coffeh’

Centralized Batteries
buffer tank

Hydrogen

Decentralized " BRI it
' ‘ VIEY TS Methane
domestichot s B Mobility kel Tk ( )
water tank




Positive Energy Districts — Simon Schneider, MS€e.Green Building Summerschool 2020

Example energy concept

PV

Wind power
PeakShaving

Heating
coolin

Electricity
grid
Mix A

Boreholefield

<7
(dexentralheat

pump
Wasteheat

Supermarkt

Districtheating

Ambientair

Demandside
Management

Battery
(optional)

Heat

Storage

Centralized
buffer tank

FH
TECHNIKUM

WIEN

Surplus to
grid

E Mobility

operationg
elevators

Lighting end
user

=

DHW w/
LEWRESS
water heater

TABS

rarcn\/ar\/

DHW f/
Decentral
DHWDboiler

TABS
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Direct utilization of otherwise unuseable RES power peaks (DSM)

Ottakringer_leben, Plusenergiequartier

A USER FLEXIB”_ITY Periode Februar, windreich

e ——

3 Max. 25C inwinter

. T

3 Min. 23°C insummer

Windy WINTER

&
-
«
«

3 OverHeatingcoolingof TAE

N RESources

3 PVDirectuse(red)

3 PV Gridnfeed (yellow)

mmmm PV Direkt Mindestsollwerte PV Eigenverbrauchs-optimiefung (D2%%== Peak-shaving (Windkraft)

3 W| N d peaks h a.Vl N qua@ mmmm Netzstrom konventionell PV-Uberschuss — Strombedarf gesamt

e Raumlufttemperatur
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Direct utilization of otherwise unuseable RES power peaks (DSM)

B 000 00 02000
18,0 %

n REDSM 16,0 ——

14,0

Sunny Summer
3 PVDirectuse(red)

12,0

10.0

3 PVLoadingof thermal an

3 PV Gridnfeed (yellow) L-;;iﬁ | ~\

3 Wind peakshaving(cyaiy ii’ “-‘M !~ /§ \‘ \' ' ' '_A|

3.Aug,FrOh 4.Aug,SaOh 5.Aug,So0Oh 6.Aug,MoOh 7.Aug,DiOh 8.Aug,MiOh 9.Aug,DoOh 10.Aug,FrOh 11.Aug,SaOh
Zeit

mmmm PV Direkt Mindestsollwerte PV Eigenverbrauchs-optimierung (D237 = Peak-shaving (Windkraft)

mmmm Netzstrom konventionell PV-Uberschuss Strombedarf gesamt

= Raumlufttemperatur
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Zukunftsquartieapproach

Direct utilization of otherwise unuseable RES power peaks (DSM)

: : : . Supply of energy end use
Reductionof requiredgrid electricity Monatsbilans

6,0

andsurplusinfeed of 30-70% py-Oberschuss

(but overallslightlyhigherenergydeman

m Netzstrom

konventionell
Wind overproductionin winter “°1 I I I I I I I E | _
I I I e-Speicher (PV/Wi
. . 3,0

NOT wind powelrtself |
Windkraft

kWh/m? Monat

PV iIn Summer 20 1

PV Direkt

Maximalsollwerte
Directutilization 10 I I I
m PV Direkt
.y . j I I Mindestsollwerte
Utilizationof thermalstorage(orange) oo

Jan Feb Mar Apr Mai  Jun Jul Aug Sep Okt Nov Dez
Monate
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Lukunfts

Zukunftsquartier _
Exploration project  UAFLIEF

Duration: 12months(07/18—-06/19)

Funding = Bundesministerium

Verkehr, Innovation
und Technologie

Partners:
® .
' urban | FH [t = Institute of
U innovation WEEITAN ¢ ﬁ Building Research
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Differential life cycle costs o/ 30 years are positive!
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PED System boundary and primary energy balance connected
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Conclusion I: Three keys to useful PED KPls
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Conclusion |l: PED Enablers

" Energy Efficiecy is always first!

3 Highenergy efficiency of thermalhull and HVAC systeiwa critical requirement for an urban PEDMind the
Rebound!

~ The use of solar energy (mostly PV) has tinbegrated in the planning process from the very beginning.
This way, possible conflicting goals (greening, terraces, HVAC towers, etc.) can be addressed proactiv

~  Energy Flexibility: These of local resources groundwater and geothermal energy for heating and cooling
required. Regeneratiomust be taken into accounBmbientair should only be used if no other potential c:
be used

n  The optimaluse of different storage facilities and user elasti¢igreholestorage, buffer storage, battery
storage, building mass, load shift) is crucial for maximizingceaumption and thus for economic efficienc

3 PV'sown consumption ratesf 60% and 79 can be achievedhe PV surpluses can largely be absorbed by the
process energy requirements of businesses and futumeoeility.
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Impulse questions

o How can mobility issues be taken into account in PED/PEN implementation?

3 Arethe approaches ofountries likeSwitzerland Austria alsasuitable for yourcountry?

3 Whichadaptions have to be ma@e

~ What are the different (national) methodologies for calculating taebon emissionsf a PED? (e.g

using annual averages or hourly resolution and/or considering the emissions of the marginal
plant)

~ How can questions of sustainability (e.g. the UN SDGs) dnvaalbilitybe embedded into the
PED/PEN concept
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