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Objective “EnergyCityConcepts”
T ] gycity P

* Development of
methodical approaches
for local / regional urban
energy planning in spatial
and temporal resolution

» Development of
organizational
frameworks for the
Implementation of energy

EBC &)  strategies in communities

Communities Programme

ANNEXG63 ) )
= Testing on two Austrian

model regions

— urban district
“Salzburg-Schallmoos”

— city of Gleisdorf
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Methods - Workflow

AEE INTEC

Spatial energy and infrastructure analysis and modeling

GIS, statistics, energy balancing, roadmapping

Data acquisition, geodatabase management

Pre-processing (check, verify, extend database)

Spatial analysis / spatial modeling
— Characterization of existing infrastructures,
energy demands and local resources

Renovation and modernization roadmap
— Building renovation roadmap based on hourly
HWB* calculation (acc. to EN ISO 13790)

— Scenarios for increased share of renewables

Dynamic building and utility network simulation
— Automated workflow coupling geodatabase
with IDA ICE building simulation framework

In-depth analysis / simulations in high temporal resolution

physical models, (dynamic) simulation

*HWB = German abbr. for space heating demand
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= Setting-up geodatabase

acquire
N
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Pre-
processing

- CAD (e.g. network plans)
- (open) government data

- Open data (e.g. OSM)

- Remote sensing data

- Orthofotos

- Statistics

- Other (*.xlsx, *.txt, *.shp)

Post-

PostgreSQL

processing

DB@

A

- Address points

- Building polygons

- Digital elevation model

- Orthofotos

- Land use classes

- Land use zones

- Build-up floor area

- Building height

- Number of floors

- Energy networks

- Gross floor area (GFA)
- Building use category
- Building age classes

- Building heating system

- Space heating demand (HWB)
- Building renovation state
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Spatial analysis and modeling

Final geodatabase

- Geolocation of all buildings and
energy supply networks

- Full characterisation of residential
sector for basic energetic analysis

- Only partial characterisation of
industry, commercial and public sector
- Land use / zoning

£l || Building

i - District heating network

Map.tata © www.openstreetmap.org

District heating boller

/., Aerial image: Bing Satellite ' Natural gas network
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. Spatial infrastructure analysis
AEE INTEC

» Building stock and energy networks

Geolocation of building stock and

1:15.000
energy networks

Map N°: 01

= 5.073 inhabitants
= Urban area: 475.4 ha

— ~35% built environment
(buildings + traffic areas)

= Building infrastructure
— 1.731 addresses
— 1.902 buildings
— 734.000 m2 GFA

* Energy networks
e s — 50.3 km natural gas network

* District heating boilers

— 6.7 km district heating trench

Author: Mireia Martinez Ribas. Franz Mauthner

Grenoble INP
AEE INTEC. Gleisdorf, 2017 ense ,}lsl
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Analysis of building stock
g °

* Building use category

1:15.000 Buildings by use category Map Ne: 03

Building use category

B Industry

I Mixed Industry
Commerce
Mixed Residential
Other

I Public

B Residential

GmbH, www.gis steiermark.at, www.bev.gv.at, www.data.gv.at Map data © www,openstreetmap.org

Title: Holistic urban energy planing in temporal and spatial resolution for the city of Gleisdorf

Ay
Author: Mireia Martinez Ribas. Franz Mauthner Srenohle 1
AEE INTEC. Gleisdorf, 2017 e )) |\|
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1%

m Residential
Mixed Residential
= Commerce
m Industry
Communal / Public

Others

= Distribution by building use
category*

— ~75% residential and public
buildings as well as mixed use
in city center

— ~25% industry and commerce

*weighted by heated gross floor area (GFA)
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Analysis of building stock
g °

= Building heating system o 2%

4%
1:15.000 Buildings by main heating system Map Ne: 04 m Biomass boiler
m Electric Heating
' N-Gas boiler

m Coal boiler

m Oil boiler

m District Heating
m Others

= Heat Pump

51%

1%

= Distribution by kind of heating
system*

— N-gas: 51%

moie — District heating: 17% (mainly
R biomass based)
= Do — Qil, coal, electricity: 21%

GirtH, v s STk A, WAV DEVGRAL, W data YAt Map data © www.openstreetmap.org . B i 0 m aSS ’ H P : 11%

Title: Holistic urban energy planing in temporal and spatial resolution for the city of Gleisdorf

AEE INTEC. Gleisdorf. 2017

Ay
Author: Mireia Martinez Ribas, Franz Mauthner it 'ﬁ'l ‘l

*weighted by heated gross floor area (GFA)
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Analysis of building stock
g °

» Building age classes

1:15.000 Buildings by construction period Map N°: 05 m<1918
; L 28% ®1919-44
m 1945-59

= 1960-79

= 1980-89
14% 1990-99
2000-20

= Distribution by building age
classes*

— Around half of the buildings
- are from <1980 (low building

B 1919-44

= o energy standards)

1990-99

2000-20
I Unknown

gv.at, www.data.gv.at Map data © www.openstreetmap.org

Title: Holistic urban energy planing in temporal and spatial resolution for the city of Gleisdorf

Ay
Author: Mireia Martinez Ribas, Franz Mauthner Srenchle
AEE INTEC. Gleisdorf, 2017 o )) I\l

*weighted by heated gross floor area (GFA)
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Analysis of building stock

= Space heating demand (HWB) - kWh per GFA

1:15.000

Author: Mireia Martinez Ribas. Franz Mauthner
AEE INTEC. Gleisdorf. 2017
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Specific space heating demand
HWB (Status quo)

renoble
sssss

Map N°: 06

180
160
T 140

h/m?2

£ 120
= 100
n 80
< 60

[k

'\

spec.
N b
o o

0

2000-2020

1990-1999
mmm 1980-1989
s 1960-1979
s 1945-1959
s 1919-1944
<1918

Average

182 274 366 456 547 639
gross floor area [1000 mZ]

» avg. space heating demand

(specific HWB):
~125kWh/(m?5p,8)
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Analysis of building stock
g °

» Heat density map - kWh per raster area

—— Heat densi(tét:tiz Ziso?d on HWB a7 30,000 | 1960-79 I

—. 25,000 2000-20
= 1990-99
S 20000 <1918
2 15000 = 1945-59
I m 1980-89
0 10,000
= m1919-44

B

0

0 90 182 274 366 456 547 639 731

gross floor area [1000 m?]

= Buildings built between 1960
and 1979 will account for the
highest energy savings

e = - starting point for building
s renovation roadmap

Author: Mireia Martinez
AEE INTEC. Gleisdorf. 2017
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= \Workflow

EXCEL-BASED PROCESS
1. Own assumptions

@ 2. TABULA

RENOVATION ROADMAP

Selection of buildings focus of
renovation and renovation measures

Calculation of future heat demand of

EXCEL-BASED PROCESS

@ 1. Own assumptions

o CENTRAL HEATING SYSTEMS

Define a new heating fuel for buildings
with central heating

/ each building
»_A I

national %
residential 7Z
building
typologies U | . g8 4|  national

mmmmmm

cccccccccccc

lllllllllllllllll

for showcasing .
A

e DH EXTENSION

Identify the city areas where the
DH network could be extended

Select the candidate buildings
to be connected to future DH

AMBITIOUS

° SOLAR THERMAL PENETRATION

Selection of buildings that will install new
solar thermal collectors

Calculation of new ST collector areas
according to solar fractions

@ GIS-BASED PROCESS

1. Future outlook heat maps
2. Techno-Economical threshold
3. Select Areas and Buildings

@ EXCEL-BASED PROCESS

1. Own assumptions
2. Solar thermal figures
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Roadmapping / Scenarios

= Building renovation roadmap
— Only for residential / mixed sector
— Renovation rates: 1.2% - 2.2%
— Usual or advanced refurbishment

= Modeling of future space heating
demand acc. to EN ISO 13790

— One zone-model, hourly basis

— Based on building categories and
physical parameters from TABULA

= Modeling of DH priority areas
based on future heat densities
and techno-economic thresholds

= Assumptions for kind of heating
supply and solar fractions for
buildings outside of DH areas
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Roadmapping / Scenarios

AEE INTEC

= Heat density map —

Status quo
180 -
160 { i =
= 140 - § m Status quo
E 120 -
S 100 -
% 80 -
= 60 -
S 40 -
& 20 -
0 - T i
Residential Mixed
= Status quo
— Total No. of buildings: 1,902
mrwm = Residential / Mixed residential:
S 1,599 (447 already refurbished)
=i§;§‘; X = Other: 303 (industry, commerce)
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Roadmapping / Scenarios
PPINg

= Heat density map —
BAU scenario

180 - -
160 - 10 = | Status quo
D
© 140 - =
£ 120 - : s
Z 100 - B ?
3 © M2 :
T 60 -
8 40 -
20 -
0 -
Residential Mixed
/ = BAU scenario
= — Renovation rate: 1.21%
SGL ) e densiy i ma) = 761 buildings
e — Refurbishment: usual (<1990)
- — HWB reduction: 52-60%

AEE — INSTITUTE FOR SUSTAINABLE TECHNOLOGIES 3rd international 4DH conference Copenhagen, DK | 13.09.2017
www.4dh.eu


http://www.4dh.eu/

Roadmapping / Scenarios

AEE INTEC

= Heat density map —
Low scenario

180 - 5
160 - o o) | Status quo
'E‘ 140 - § mBAU
N§ 120 - ;\3 < ;@ S Low
< b B ° 3
2 100 | o < 0
o 80 - a = 5 o
s o ° B -
S 40 -
> 20 -
0 4
Residential Mixed
= | OW Scenario
— Renovation rate: 1.65%
. e = 1,037 buildings
— A — Refurbishment: usual (all)
Pepia © mowcpmsistrapery 5 iy — HWB reduction: 55-66%

Aerial image: Bing Satellite
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= Heat density map —
Ambitious scenario

20 wom

: Heat density [kWh/m?a]
IR >15-32 '
R >32-45

"540.- 100
>100- 150

Maptata © www.openstreetmap.org
Aerial image: Bing Satellite Y Il >250
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Roadmapping / Scenarios

spec. HWB [kWh/m?23a]

180 -
160 -
140 -
120 -
100 -
80 -
60 -
40 -
20 -

~
1)
0
—

| Status quo
mBAU
Low

124.5

60.0 (-52%)
56.1 (-55%)

50.2 (-60%)
59.7 (-61%)

51.9 (-66%)
44.1 (-71%)

Residential Mixed

Ambitious scenario
— Renovation rate: 2.16%
= 1,358 buildings
— Refurbishment : advanced (all)
— HWB reduction: 60-71%
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Roadmapping / Scenarios

AEE INTEC

= District heating potential
areas

= Technical potential
> 32 kWh/m?

»| Techno-economic potential
> 45 kWh/m?

Warmebedarf

ohne zus3 ar
Fernw.-Anschluss, Stromheizung, >2 Erdgas Thermen Warmepumpe

[

Berechnung von Warmebedarfsdichten

Aspekten)

Mindestbedarfsdichte e s
{untertechnischen Aspekten) (unter technisch-wirtschaftlichen

Manuelle Bewertung der ] [ Manuelle Bewertung der
rschli dglichkeiten

Technisch-wirtschaft-
liche Potenziale

Maﬂdém © www.openstreetmap.org
/= . Aerial image: Bing Satellite
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Roadmapping / Scenarios

AEE INTEC

= District heating potential
areas

= Technical potential
> 32 kWh/m?

»| Techno-economic potential
> 45 kWh/m?

Warmebedarf

-

A von ohne zus3 Fel
ernw.-Anschluss, Stromheizung, >2 Erdgas- Thermen Warmepumpe

{ Berechnung von ]

Wiar fsdichten

Berechnung von Warmebedarfsdichten

unter technisch-wirtschaftlichen

Aspekten)

Mindestbedarfsdichte
(unter technischen Aspekten)

Mindestbedarfsdichte J [(

Manuelle Bewertung der } [ Manuelle Bewertung der ]

Erschli lichkeiten Erschli hkeiten

o District heating
S Bl Buildings connected

Technisch-wirtschaft-
_ liche Potenziale

Map.data © www.openstreetmap.org
4+ . Aerial image: Bing Satellite
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Roadmapping / Scenarios - Results
PPIS

* Primary energy reduction

150,000
132.471
<
= 125,000 —.
©
(]
£ 100000 — — 85488
@ (-35.5%)
o 70.430
o
> - (-46.8%)  61.761
> 75,000 — — o 59.134 —
g - (-53.4%)  52.396  (-55.4%)
o o (-60.4%)
i R |
g 50,000 — —
=
a
25,000 — —
0
Status Quo BAU Low: Low: Heat Amb: Heat Amb:
Biomass Pump Pump Biomass
N-Gas oil
Biomass: Wood Chips m Biomass: Wood Pellets
® I[mported Electricity m Coal
+TOTAL
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Roadmapping / Scenarios - Results
PPIS

* Emission reduction (CO2eq) and % RES

35,000
31,194 Renewable fraction [%]
30,000 - Status Quo 22,0
= BAU 26,2
o 25000 — _
% 19.085 Low: Biomass 71,3
) (-38,8%) .
0 20,000 — Low: Heat Pump 68,6
2 e Ambitious: Heat Pump 72,8
© 15000 — .. .
E : 8.726) 8.647 s - Ambitious: Biomass 73,8
= - -72,0%)  (-72,3%) /- I _
o' 10.000 N (-76,8%)  (-76,5%)
O sk [
]
5000 — e —
Status Quo BAU Low: Low: Heat Ambitious: Ambitious:
Biomass Pump Heat Pump Biomass
N-Gas oil
® [mported Electricity Biomass: Wood chips
m Biomass: Wood Pellets m Coal
+TOTAL

AEE — INSTITUTE FOR SUSTAINABLE TECHNOLOGIES 3rd international 4DH conference Copenhagen, DK | 13.09.2017
www.4dh.eu


http://www.4dh.eu/

AEE INTEC

*P. Nageler et al,
Novel validated
method for GIS
based automated
dynamic urban
building energy
simulations,
Energy 139 (2017)
142-154
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Dynamic building simulation

= Coupling spatial modeling with
dynamic building simulation*

- CAD (e.g. network plans)
- (Open) government data)
- Open data (e.g. OSM)
- Remote sensing data

- Orthofotos
- Statistical data
- Other (*.xlsx, *.txt, *.shp)

Pre-

processing

- Address points

- Building polygons

- Digital elevation model

- Orthofotos

- Land use classes

- Land use zones

- Build-up floor area

- Building height

- Number of floors

- Energy networks

- Gross floor area (GFA)

- Building use category

- Building age classes

- Building heating system
- Space heating demand (HWB)
- Building renovation state

ol

gt st ar_mgg
[ INTEGER WOT NULL [PK] [ INTEGER. WOT MILL [ PP ] [j mereceR wor K|

- Pysical building parameters
- roof, wall, floor, window, door
- Building category specifications

[1s30e_type: VAROHAR
[Fename: VARCHAR

bodrgpe
- INTEGER WOT NULL [ PFK]

userprofieid: INTEGER
time_h: DOUBLE

7. INTEGER
fime_h: REAL
dwJ: INTEGER

- % glazing, internal gains, v e .
DHW load profiles i miEGen () o e o e o ()
p . Ibukding_perond_start: INTEGER Tudicing_period_stert: INTEGER [~

indhing_peroid_end; INTEGER
efurbitimen VARCHAR

- HVAC specification
- piping, boiler, store, HEX, etc.

Liweling unts: OOUELE
s pa. ol DUBLE
aling_height: DO

ndkding_peiod_end: INTEGER .
nﬁbmrm:l DOUBLE fepeonp: DNTEGER (FK )

fio: INTEGER  NOT NULL. {P(J
i INTEGER._WOT AL [m
s vmo«m

(( Typology database f?ﬁﬁ%.?wm

Project database

s INTEGER. NOT ML [PK] i INTEGER NOT ML [ ]

{nsme: VAROUR

[peotigtypeks: INTEGER [ K]
fresc: INTEGER
tzaion

java

PostgreSQL

Luiidirgtyp: hedl
5 INTEGER.NOTWAL [PK].

PostgreSQL

il
- INTEGER_NOT WULL [PK ] |

| & (]| oo vR0wR (1
ruw |lﬂ(GEI [FK] (renbue: NUMERIC
DB it U
o i

PosigreSCL PosigreSCL l i IVTEGER NOTWULL [PK] | o INTEGER NOT WL [P)
i e TecER (S
bd: INTEGER  NOT MULL [ K {materiohd: INTEGER [ FK ] [h_conductivi Iv Imk I)X&

3]

frome: wanoHaR | Isoaerce: INTEGER {sensiy AP ORE

IDAICE
dynamic
building SIM
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Wrapping up...
pPpINng up

* Summary
— GIS-based urban energy planning workflow based on existing

geo-data, applicable for Austrian communities and cities

— Simplified approach for future HWB demand estimation (EN
ISO 13790) good starting point for roadmapping

— Detailed building simulation of entire cities can be directly
linked to acquired geodatabase (tested for ~2,000 buildings)

— GIS- maps are self-explaining and as such important
documents in urban energy planning processes

» Methodical improvements — ongoing tasks:
— Further automation of data acquisition and pre-processing

— Building roadmap not yet considers demolition of existing
buildings and / or new building areas

— Space heating demand for non-residential sector as well as
process heat demand not yet sufficiently considered
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