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Why Spatio-temporal energy demand modelling ? SO0 D
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Example 1: the Danish energy ga s
transition

Moving from centralized fossil

based electricity production to

decentralized CHP T

“... district heating is a popular
choice and environmentally
sensible, in particular because
80 per cent of district heat is BB KA,
produced in cogeneration A e [l AR
processes, ..." [1]
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[1] Méller, Bernd. 2008. « A Heat Atlas for Demand and Supply Management in Denmark ». Edité par Nikola Ruzinski.
Management of Environmental Quality: An International Journal 19 (4): 467-79. doi:10.1108/14777830810878650.
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Why Spatio-temporal energy demand modelling ?

Example 2: Using waste heat, CADIOM CAD-SIG Geneva

300 GWh / year
waste heat

220 GWh / year
demand
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Additional 77 GWh /
year saved using the
CADIOM CAD-SIG
junction [1]

[1] QUIQUEREZ et al. 2016: Valorisation de la chaleur renouvelable et des rejets thermiques: bilan et enjeux de I'interconnexion des deux plus grands réseaux

thermiques genevois
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A Swiss heat demand atlas OO D
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Today's focus: final energy for space heating and domestic hot water production

Number of inhabitants (CH, 2015): ~8.0 106 - 7
m? /cap.: ~50 (m?)
> Total dwelling surface : 50 * 8.0 10° = 4 108 (m?)

Total heated surface:

Dwelling surface + 60% = 1.6 *4 108 = 6.4 108 (m?)

Demand per m?.  ~150 (kWh / m? year)
>Total demand: 150 * 6.4 108 = 9.6 10%° (kWh/year) = 96 (TWh) = 8.25 millions of TEP = 1'370 W/Cap.

[1] : Prognos table 0-1: 2015: 78 (TWh)

[1] Kemmler, Andreas, Sven Kreidelmeyer, Andrea Ley, Philipp Withrich, Mario Keller, Martin Jakob, et Giacomo Catenazzi.
2016. « Analyse des schweizerischen Energieverbrauchs 2000 - 2015 nach Verwendungszwecken ». Bundesamt fiir Energie
Bern.
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A Swiss heat demand atlas ~OOO
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158’188 kWh of natural gas buildings & districts

~ - r
x Plan SITG = Photos aériennes | Aucun ;

Availability of data: ?

I Interroger
DIFC Non
INDICE 222
DATE_DEBUT_PERIODE 01.01.2013
Regional: SITG IDC e e P
DATE SAISIE 25.00.29f4 11:44:48
AGENT ENERGETIQUE 1 | Gaz naturel

QTE AGENT ENERG. 1 158187.6
TINTTE AGENT ENERS 1 LWh

Other regional examples:

e = wr - L a"

; o pa B -
GEAK L P T R A ﬁ Hs ==\
City of Basel -- SN ~f . e O
MEU ﬁ g ﬁ Fils
Agglomeration - Canton de Geneve - Genéve (VIHE) Les Charmilles il
e g, = _1 207 cesenoo—— =
amo&n) f’:—l 15000 i~

https.//www.etat.ge.ch/geoporta|I/pro/

Bottom-up, building physics
At Swiss level: No actual demand data available. = atlas based on a model. {

Bottom-up, statistical extrapolation
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A Swiss heat demand atlas OONOD
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Pioneer work of Eicher&Pauli

Simple approach assuming

120 [kWh/m?] for residential dwellings
and specific values per activity in the
industry & services sectors

WebGIS platform
www.fernwaerme-schweiz.ch

il S ,."'-". ' ) Hesear Y R ] t\- . =
b SR TR /g Y S PR 1 N T
Abbildung 19: Hier zeigt sich exemplarisch, warum stadtische Gebiete einen grossen Anteil an den seleklierten Ge-
bieten haben.

[1] Eicher, Hanspeter, Hans Pauli, Markus Erb, et Stephan Gutzwiller. 2011. « Ausbau von WKK in der Schweiz WKK-Standortevaluation auf Basis
einer GIS-Analyse ». Liestal, Switzerland: Dr. Eicher+Pauli AG planer fir Energie und Gebaude Technik.
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A Swiss heat demand atlas SCCER FEEB&D heat demand atlas ©
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Swiss national building register
(GWR)[!

(" )
* EGID : National building identifier Estimated heated surface
* Type: Building type =P || (A[) Estimated heat demand of
e Age: Building age |= | building
e Ag.. : Ground surface * Nb. floors A function of
*  Apuweliing: Dwelling surface » Type: Building type E=A:xEppw
* (x,y): Building coordinates Across
* Main energy carrier ADweling ‘

Around 2 millions buildings Estimated heat demand Estimated heat demand of a Pixel
Calibration per m? oy o
' « Sum of all buildings within a
« SITG IDC Database == | | Enww function of pixel
» Type: Building type o .

. CECB/GEAK Database « Age: Building age . Estlmatlon of a confidence

\ ~/ interval

Around 27°000 buildings

[1] GWR, Swiss Federal Statistical Office

[2] Schneider, Stefan, Jad Khoury, Bernard Lachal, et Pierre Hollmuller. 2016. « Geo-dependent heat demand
model of the Swiss building stock ». In Sustainable built environment regional conference. SBE 2016, Zurich, June
15-17. Zurich. doi:10.3218/3774-6.



A, estimation: an example with a collective residential building

Swiss national building register

Kanton BS
EGID 111111111
Address Musterstr. 1
Building type Collective residential
Total surface 740 €<—
Dwelling surface 492 €
GKODX 610205
GKODY 267341

NYD D
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Calibration SITG IDC
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a=1.28 R?=0.95
n=4591

] I l
2000 3000 4000

Dwelling surface

N
4

Heated surface
Slope of linear regression 1 0.89
Slope of linear regression 2 1.28
Estimation 1 =0.89 x 740 658.9 |€-—--
Estimation 2 = 1.28 x 492 627.5|<==-
Estimation of heated surface 658.9

SCCER School, Shaping the Energy Transition
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Heat demand estimation: an example with a collective residential building

OO Y
Swiss national building register sccer |future energy efficient
buildings & districts
GDEKT BS
EGID 111111111 Calibration GEAK
Address Musterstr. 1 _
Building type Collective residential E 00
c -
Building age 1919-1945 <& E s
m 5 o -
O 150 -
GKODX 610205 a ; T
GKODY 267341 % : T _
Main energy carrier  |District heat & 100-e—— : T
Heat demand : ]
2 50- : : E _
Qy, (HDD GE) 97|[kWh/m’] | «—u : : A
Heating degree days (GE) 2863|[K Tag] ol = At Bl e
Heating degree days (BS) 2932|[K Tag] e & o el Bl e WG Slanl ol
Climate correction = 2932.3/2863 1.02 T €88 gg sy F =
1l 1l n n 1 1 " ] ] ] ] =
Q, (BS) =348.8x1.024 = 99|[kKWh/m’] = e e =i e S e e
— =T W | g (=] [=n] an on = = — =
Quw (SIA 380/1) 21|[kWh/m’] 22 2o me 858 8F
Q= Qn + Quu = 357.2+ 75 = 120|[kWh/m?] £ 5385888888 R
Ehww = Qnww X 1/NU 126|[kWh/m?]
E [kWh / year] = Ep,w X Ap = 451.9x658.9  82'705|[kWh]
YN .
S ;3?3 - SCCER School, Shaping the Energy Transition DE GENEVE
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Heat demand estimation: Pixel

SRE est.:231 [m2]/

Enww: 129 [EWh/m2]
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SRE est’1294 [m2] Sum of estimation for each building located in the pixel
Ehww 129 [kWh/m2],SRE est.:250 [n
> L/ ENWRLOTIT KW Confidence interval computed with a bootstrap resampling algorithm
] SRE est.:325 [m2]  SRE ex P P piing aig
:sb:Z?'E'k[mrﬁ] : : Ehww:111{[kWh/m2]  Ehw
V130 [kWh/m2 SRE'est.; 2€
ERww: 54
Ehwew: 144 [kKWh/m2] SREes| w S -
SRE est.;709 [m2] T < g ol
Ehww:119][kWh/m2] _E a=0.89 R?=0.97 n=5103 .-.:':’:’::.
= 200 - g
SRE est.:576 [M2] B o pF est ;574 [m2] SRE est:234[m| & P T T 3 3
o A 98 [kWh/m2] = Epuuw:119 [kWh/m2] Ehww: 111N kW[ o Pl T '
kWh[“‘ 2] SRE est.:1'517)[m2] =1 LT S A S - .
[KWH/M2ZT e w: 151 [kWh,FmE] p P Pl 2 | .

L]
1]

50-

R ==
oL id 3 4 k]
- [ T T T T T T T T T T °_| : : : :
Ehww: 125 [kWh/m2 38838888383 ¢ 0 1000 2000 3000 4000
RE est::211 [m2] SR e gL 22 E 2L LE Total surface
EhwleE[kthmE] EF 2§ 8 R & 2 & @ 8 38 2 5
S 3 2B ocaas §5 84
E 8 bt B E E GEs
2 5 3 68 683 383 8 8 8 R
e i R N
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GIS Heat demand bottom-up model OORO+D
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0-2
2-4
4-8
8-12
12-17
17 - 22
22 - 28
28 - 35
35-42
42 - 50
50 - 60
60 - 71
71- 84
84 - 100
100 - 118
118 - 138
138- 160 o' g
160 - 187 S
187 - 215
215 - 253
253 - 293
293 - 357
357 - 447

707 Sum over all buildings: 94 (TWh / year) SIA 2028 climate

657 - 1025
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GIS Heat demand bottom-up model OORO+D
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. Heat demand [kWh / m?]

-2
2-4
4-8
8-12
12-17
17 - 22
22-28
28 - 35
35-42
42 - 50
o0 - 60
60-71
71-84
84 - 100
100 - 118
118 - 138
138 - 160
160 - 187
187 - 215
215 - 253
253 - 293
293 - 357
357 - 447
447 - 657
657 - 1025
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GIS Heat demand bottom-up model OORO+D
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. Heat demand [kWh / m?]
-2

-4
-8
-12
12 - 17
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22-28
28-35
35-42
42 - 50
50 - 60
60 - 71
71- 84
84 - 100
100 - 118
118 - 138
138 - 160
160 - 187
187 - 215
215- 253
253 - 203
293 - 357
357 - 447
447 - 657
657 - 1025
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GIS Heat demand bottom-up model OORO+D
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. Heat demand [kWh / m?]
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GIS Heat demand bottom-up model OORO+D
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. Heat demand [kWh / m?]
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35-42
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215 - 253
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357 - 447
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657 - 1025
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GIS Heat demand bottom-up model OORO+D
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. Heat demand [kWh / m?]

100 - 118
118 - 138
138 - 160
160 - 187
187 - 215
215 - 253
253 - 293
293 - 357
357 - 447
447 - 657
657 - 1025
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GIS Heat demand bottom-up model OORO+D
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. Heat demand [kWh / m?]

g8-12
12-17
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35-42
42 - 50
o0 - 60
60 - 71
/1-384
84 - 100
100 - 118
118 - 138
138 - 160
160 - 187
187 - 215
215 - 253
253 - 293
293 - 357
357 - 447
447 - 657
657 - 1025
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GIS Heat demand bottom-up model OORO+D
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. Heat demand [kWh / m?]

g8-12
12-17
17 - 22
22 - 28
28 - 35
35-42
42 - 50
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60 - 71
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84 - 100
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118 - 138
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293 - 357
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657 - 1025

GEO-DEPENDENT ENERGY DEMAND MODEL OF THE SWISS BUILDING STOCK (i Unweesite
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GIS Heat demand bottom-up model OO D
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. Heat demand [kWh / m?]

o0 - 60
60 - 71
-84
84 - 100
100 - 118
118 - 138
138 - 160
160 - 187
187 - 215
215 - 253
253 - 293
293 - 357
357 - 447
447 - 657
657 - 1025
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GIS Heat demand bottom-up model

. Heat demand [kWh / m?]

g8-12
12-17
17 - 22
22 - 28
28 - 35
35-42
42 - 50
o0 - 60
60 - 71
/1-384
84 - 100
100 - 118
118 - 138
138 - 160
160 - 187
187 - 215
215 - 253
253 - 293
293 - 357
357 - 447
447 - 657
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657 - 1025

Nb batiments:57
Ehvm!s&: 4377 [MWh]
Ehww:6'501' [MWh]
EhwWs95%:13'320 [MWh]

NS
&

b batiments: 55
l Efiww_5%:3'814 [MWh]

Ehww:5'140 [MWh]
Ehww_95%:8712 [MWh]

LI
\

.

| Nb batiments: 7.1

Ehww25%: 6347, [MWh]
Ehww:9:962/[MWh]
Efww195%: 17808 [MWh]

buildings & districts

Nb batiments:46
Elw‘ﬂ_uxrgg_h':-j'@[mwh]

S Ehww:7:224 [ MWh]
Ehww -95%:19'408 [MWh]

7
&

Nb batiments: 62
Ehww_5%:3'561 [MWh]
Ehww:5'253 [MWh]

Ehww._95%:9'009] [MWh]

SCCER School, Shaping the Energy Transition

Nb batiments:51
Ehww35%:3'637:[MWh]
Enww: 5'034 [MWh]

Em_gs%:?'924| [MWh]

OO D
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Nb batiments:8
E%’:%:UI[M}
Ehww:20227/[MWh]
Ehww105%: 85 018][MWh]

!

Nb.batiménts:32
EhWW25%:1'016 [MWh]
EW:B@SQ[MWh]
Ehww - 95%:10'203 [MWh)]
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Overview of other GIS data sources, heat and electricity demand OO D

sccer | future energy efficient
buildings & districts

Gené\\"e IGenéue M \EI FR| |IT
http://potentia|—erneuerbar,solar4ever,ch Start Zusammenfassung Effizienz Sonne Holz Biogas Wind
Wasser Weitere

Exemple:
Estimation for the municipality of Geneva
1'528°100 MWh

Zusammenfassung fiir Genéve

t-Zustand

Actual consumption based on SIG bills
2015:1'156'866 MWh Heutiger Energie

ch in MWh pro Jahr

[MWh pro Jahr] drme Strom Treibstoffe Total

Energieverbrauch 2'132'600 I 1'528'100 809'500 4'470'200

Produktion EFHW 900 20'000 0 20'900
Bilanz (Verbrau uktion) 2'131'700 1'508'100 809'500 4'449'300

0 1 0 0

Heat estimation FEEB&D
210001300 MWh Welbstversmqunusumd in %

Lite Sciences und
Facility Management

aw ILNR Irestitud i Ubmnwod? und

Hatirliche Hessouncen
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Overview of other GIS data sources, EU electricity demand OO D
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:FORECAST |eLOAD

FORecasting Energy Consumption Analysis energy LOad curve ADjustment tool
and Simulation Teool

http://www.forecast-model.eu/forecast-en/index.php

Jakob, Martin, Sonja Kallio, and Tobias Bossmann. “Generating Electricity Demand-side Load
Profiles of the Tertiary Sector for Selected European Countries,” 2014.

YYD .
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Overview of other GIS data sources, electricity demand OO D
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FEEB&D - SIG model Bianas X Siticre

ElectroWhat: Who consumes where, when and for what use

T

=) conso [MWh [Cap]
0.0-3.8
1.8-44
4.4-5.0
5.0-5.5
5.5-6.3

5.3- 7.6

7.6 - 10.1

10.1 - 516.1

2RI H
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Overview of other GIS data sources, electricity demand SOOO O

FEEB&D - SIG model il ey e
' @bcrg]att
sdorf
Nlederhash

X = Consumption (MWh/cap.)

, x 0-3

, X 3-5

ﬁ b4 [ ] 5-7 Rumlang

? X - 7-10 Regensdorf:

| 10-14 [ .

XL 14-20 .
, x 20 - 30 [llnau-Effretikon
% B 30-60 y /
x = B0 '

ren gstrmgen

!

4 Primary m.

) |
'bl

Greifensee

O

&ccar|fl. ure @neroy effic at
1] IIrJI g =z & districts
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Overview of other GIS data sources, electricity demand ~SOOO

FEEB&D - SIG model scoer |futre Sned) S
S 240 City of Bern: 04/02/2008 ® Households: Cold appl.
m Cookin
2 220 g
200 m Households: Other
180 Washing/Drying
160 m Ventilation/AC
140 m Office
120 m Motor power
100 Lighting
80 Industry: IT
60 m Industry: Cold appl.
40 ® Industry&Service: Other
20 m Industrial processes
0 m Households: IT/TV
0 4 8 12 16 20 i
Hour of the day ™ rieating+ DHW
R BHBEWLﬁL;Tﬁ SCCER School, Shaping the Energy Transition ) bE Centve

buildings & districts
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Concluding remarks/discussion o s OO
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Heat demand, advantages and drawbacks of using a statistical bottom up approach?
© Estimation uses as input actual energy demand (takes account of real usage of buildings)

© Adequate for aggregated demand of groups of buildings (districts)

© Allows estimation of uncertainty

© May work with very little information on individual buildings

© No generation of dynamic load curves, requires additional approach

@ Diffusion of model is more difficult

© Not accurate at building level

@ Additional remarks?

NYYD Y . . LINIVERSITE
S S A SCCER School, Shaping the Energy Transition DE GENEVE
builcingz & districts



Concluding remarks/discussion OO
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Electricity demand, in what extend the problem differs with heat demand?

« Much more data on actual electricity consumption: www.stromkennzeichnung.ch, www.swissgrid.ch

Heat difficult to transport = high spatial resolution

» Different spatial-temporal requirements due to constraints<
Electricity difficult to store> high temporal resolution

* Modelling electricity demand is complex since many usages

Deterministic model (ElectroWhat) - savings and DSM potentials

» Type of model depends on research question<
Stochastic models & network planning, energy hub simulations

YYD .
X SCCER School, Shaping the Energy Transition DE GENEVE
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http://www.stromkennzeichnung.ch/
http://www.swissgrid.ch/
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GIS data available on http://wisesccerl.unige.ch/ and http://hues.empa.ch

This research has been financially supported
by the Energy Funding Program of CTI within

nuo THE BEST o . the SCCER FEEB&D.

YOU CAN UNTIL f’ Further information at www.sccer-feebd.ch
YoU KNOW BETTER. |

In cooperation with the CTI
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