DD

sccer |future energy efficient
buildings & districts

Transformation des Gebaudeparks Schweiz — ein
ganzheitlicher Ansatz

ZIG Planertag

Dr. Peter Richner, Empa
Leiter SCCER Phase |

In cooperation with the CTI

Energy funding programme

22 M .. 2017 Swiss Competence Centers for Energy Research
Schweizerische Eidgenossenschaft
Confédération suisse
Confederazione Svizzera
Confederaziun svizra

Swiss Confederation

Commission for Technology and Innovation CTI

eeeeee University of

) Appheds ccccccccc d Arts
72 UNIVERSITE ETH .(l Fachhochschul
‘ Empa %‘ U Rs Eidgendssische Technische Hochschule Ziirich H 0 C H SC H U LE w achhochschule

Nordwestschweiz
Materials Science and Technology DE GENEVE Swiss Federal Institute of Technology Zurich hCOU:- POLY ThCHNIQUh L U 2 E R N

FEDERALE DE LAUSANNE
Technik & Archi tektur



o MetenSchweu

Temperatur Schweiz 1961-2016

Temperaturzunahme seit 1900: ca. +1.9°C

1961 1962 1963 : 1964 . 1965 1966 .. 1967 .. 1968 ..
* 5 ﬂi ’ e it : ;ﬁ"rﬂ‘# ﬂ ¢ , N

1960 g V70 oo 1971 o 1973 .. 1974 _ .. 1975 .. 1976 _ ..

= &
‘...r - ,qﬂ‘ [ = * =
A § g
J\'. * 4 % Y

1977 on. 1978 .. 1879

& MetenSwiss

- Abweichung von der Norm 196‘! 1990[ C]




fpos .. YY)
Exzessmortalitat wahrend der seser e enery efcen

Hitzewellen 2003 und 2015

s -
) 2003: + 975 Todesfalle
2015: + 804 Todesfalle
- /&» \
‘_1;*3 &1 ‘;‘;‘&"\\
£ *“HJ { l\ ;\,‘
E “h"ﬁfﬂ \Hh \ NA*“*H A .\A | “11 :h‘ ”‘: |t“
W .11 \“ '* '!‘i A ‘ ‘*, “ b ! ;N'e gk '\..,.u.""“
* W‘f ‘{ AR ‘“ lﬂ ”‘4 ""«" b '\'U"i
o ’l ’\ My “ﬂt " k!l ‘ '1 )
o Nl ‘{ g,

1 1 | I 1 I I I I 1 1

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

~——— 2005 to 2014 —— 2003 — 2015

A. Vicedo-Cabrera et.al.; Swiss Medical Weekly, 2015



SCCER Future Energy Efficient N o

buildings & districts

Buildings & Districts
Phase I
2014-2016

6 akademische Partner
(Lead Empa)

20+ Industriepartner

Budget 26 Mio. CHF
(2014-2016)

In cooperation with the CTI

* E y 2
Swss Competence Centers for Energy Resaanch

Cammmian for Technelapy ard Ienawatian CT1

Lucerne Universit y of

) Applied Sciences and Arts
EMPA‘ :-j 3 Eidgendssische Technische Hochschule Ziirich H 0 C H SC H U LE n w achnocnschule

i i : e Nordwestschweiz
Materials Science & Tachnaloa 2" DE GENEVE Swiss Federal Institute of Technology Zurich ECOLE POLYTECHNIQUE LUZERN

FEDERALE DE LAUSANNE

Technik & Architektur



.. SO
VI S I O n F E E B & D sccer |future energy efficient

buildings & districts

CO,-Emissionen
8 Mio.t

CO,-Emissionen
25 Mio.t

Energie Import

Energie Import
325 PJ/a 9 P

110 PJ/a

Erneuerbare Erneuerbare
Energie Energie
LN, /1 F)/a 130 PJ/a

Maf_'.:‘i .Maﬁlf .

\ L o @ i “,»

_Gw £ [ 5 o

CH Gebiude- CH Gebéude-
park 2000 park 2035

g




YOO

Kaya-Identitat fir Gebaude seser e enery efcen
co CO, E A
= — X=X
T E T A

E Energiebedarf der Gebaude
A Energiebezugsflache

CO,/E Kohlenstoffintensitat des Energiesystems [kgCO./kWh]
E/A  Energieintensitat [kKWh/m?a]

Mavromatidis et al. 2016
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WP1 — Building Envelope N
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T1.2.1 Novel glazing with strong seasonal dynamics buildings & districts

Novel optical microstructures

Air Polymer Film Air

Winter
0-BASF
§2332 WISS
summer 22550 INSO

innovative solar solutions

AGC

A. Kostro, A. Schler, EPFL/LESO-PB
Patent granted
Industrial partner: BASF Switzerland
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T1.2.1 Novel glazing with strong seasonal dynamics " buildings & districts

Simulations of thermal performance

Y e S Tur —
80 . Ttg 4
70 N
60 \ b
£ S0F \ ] 25 Incident direct irradiance . |
T oa \ R ~ Transmitted direct irradiance I
[15]
30 - N g 20
20 b NE 15
10 - s
4
0 8 1o
0 10 20 30 40 50 60 70 80 90 § Double Glazing s
8] S Microstruct
£ 5 Comfort zone (21°C £ 3°C) =
. . 0
tran sSmission Jan. Mar. Jun. Sept. Dec.

Solar heat gains

Room Temperature [°C]

Jan. Mar. Jun. Sept. Dec.

Thermal comfort

A. Kostro, J. Gong, A. Schiiler, EPFL/LESO-PB
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T1.2.2 Novel materials for switchable windows é@“?@ S i dinae s, distriate
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windows

Working principle
after C.G. Grangvist

Coating EPFL/LESO-PB
O. Bouvard
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WP1 — Building Envelope
T1.2.2 Novel materials for switchable windows

for SCCER/CTI internal use
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Porous electrochromic layers
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Materiats Science and Technology

CH Solarpreis 2016 @Empa

1 Vor der Sanierung verbrauchte das MFH 2 Nordostansicht der ersten Jugendstil-MFH-
130’000 kWh/a und emittierte iiber 46 t CO,. Sanierung in Europa dank Min.-P-Dammung und
Heute ist es ein PEB mit 0.0 t CO,-Emissionen Solarnutzung. Der Energiebedarf sank um 88%
und Solariiberschiissen. von 130°000 kWh auf 16’400 kWh/a. Zugleich

erzeugt das PEB 19°400 kWh/a Solarenergie.

Jugendstil-MFH Culmannstrasse, Zurich
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Coupling of PV and Building Energy Performance

Kinetic envelope for heating cooling and light
comfort + PV generation

Case Stuay

* Single Zone Office *  Heating COP: 4
e /urich Weather Data  (ooling COP: 3
e 50 Panels in a Single Cluster e Lighting Load: 11.74 W/m?

kKWh/m2
0.76<=

0.70

6D0.8.5 Energy Performance of PV Modules as Adaptive Building Shading Systems
J. Jayathissa, ]. Schmidli, J. Hofer & A. Schlueter
ETH Zurich, Switzerland

European
Source: European PV Solar Energy Conference (https://www.photovoltaic-conference.com/) - Commission | 19



https://www.photovoltaic-conference.com/
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Coupling of PV and Building Energy Performance

* Infer optimum module orientation minimizing net-energy demand

* PV electricity compensates for ca. 40% of the energy demand of the office
behind the facade during the course of the year.

(a) Heating Demand (b) Cooling Demand (c) Lighting Demand Net Energy [k_QWﬂ
’ ! ' ' v ¥ v v ' v v v v v m .
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Source: Jayathissa et al., EU PVSEC 2016
A / Architecture Prof. Dr. Arno Schlueter
and Building Institute of Technology in Architecture (ITA) 20
Systems ETH Zurich
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Dezentralisierte Energiesysteme
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GIS Datenbank fir Nachfrage und
Potential

Modelle flir dezentralisierte
Energiesysteme und Energy Hubs
Pilotprojekte
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Holistic Urban Energy Simulation

Platform

An ecology of open source computational
resources to support DES design and control.
https.//hues-platform.github.io/

Includes:

Models & algorithms
Modeling tools

Data

Code

Model repository

(HUES)

ecels

sccer | future energy efficient
buildings & districts

Andrew Bollinger, Empa UES

Model name

Dynamic carbon factor tool

Bidirectional massflow LTN (IDA ICE)

. Author ® Tags ® Ac:etzslble ¢
Carbon factor
Alice Chevrier Switzerland Public
Thomas Schluck E'S‘”‘Et heatu:g
Philipp Krauchi (base owtemperalure Public
) network
IDAICE

District heating network routing

GenFC load generator tool
Generic Energy Hub YALMIP
Generic energy hub (VB.NET)

Generic energy hub model ILOG-CPLEX

Multi-agent reinforcement learing-based energy hub model

Rheinfelden energy hub thermal storage

Simple office building EnergyPlus

Unidirectional massflow LTN (IDA ICE)

Energy hub model for design, sizing and operation of an energy sy:
of buildings

Simple building energy model Rheinfelden

Generic energy hub (Pyomo)

Sequential Optimisation

Model:Multi-agent reinforcement learning-based energy hub model

To edit the enfries in this page, select Edit with form”in the Page tools” menu at the top of the page.

General information

This is a multi-agent-based implementation of an energy hub moedel. eosely based on the generic energy hub model configuration. The model identifies an

optimal dispatch schedule for teck

in a distributed multi

Description "SiMorcement leaming based approach to energy hub modeling 25 a possible altemative to MILP under certain conditions. The model implerments two
different reinforcement leaming algorithms, a Q-leaming algorithm and a Continucus Actor Critic Leaming Automaton (CACLA) algorithm. Both the Q-
leaming and CACLA implementations of the model are able to identify near-optimal dispatch salutions for the case without sterage. For the case with
storage. neither appreach is able to identify a near-optimal solution

system. The model was ds

ped to test the ion of a multi-agent

EnergyPlus: Typical Residential Buildings in a Swiss Alpine Village
Mechanism design for the energy hub dispatch: case study
Demand management of random consumption profiles

Qccupancy profile generator

Dm&f;ILmd itps: it Iti-ag 1 g-based-energy-hub-model/get/HEAD Zip
Authors | Andrew Bollinger
Required
software [A=DD
Related LA Bollinger and R Evins 2016 Multi-agent reinforcement learning for optimizing v y in lti-energy systems EG-ICE
publications Workshop. Krakow, Poland.
Licence type MIT License
Tags Energy hub model, Agent-based medel. Reinforcement leaming
Acce‘sslble Public
Documentation
Documentation may be uploaded, linked or directly entered info the wiki.
Documentation URL(s):
Documentation file: |File-EGICE Bollinger Evins pdf
Documentation page:
T ! = T
Computaticnal time
Raphael Wu Empa UES
Mare Hohmann Empa UES

Mare Hohmann
Ralph Evins

Public
Building occupancy Public



https://hues-platform.github.io/

- . . NO4T
Holistic Urban Energy Simulation (HUES) seeer s nerey green

Platform

An ecology of open source computational Andrew Bollinger, Empa UES

resources to support DES design and control.
https.//hues-platform.github.io/

Includes: Ehub Modeling Tool —
Models & algorithms » Flexible tool for optimizing ... 1B
DES design

Modeling tools o ,
» Simplifies analysis across

Data different cases and |
technology formulations

v Ak
Technology 50 ‘"’"ﬂl\l
database |

4 I e —)

data / w

|, oot —m, Energyhub | Visualization
P model > module

RATE

GEN

Case study
database  __ l

Case study .
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Policy instruments need to be tailored to scoer futuro energy efficent

buildings & districts
system maturity to accelerate diffusion of
low-carbon innovations

A
100%

Adoption /
market share

0%

v

Time

Reliability Technology-push high

R&D grants, information/trainings
campaigns, P&D projects, ...

Legitimacy

Labels, financial incentives/subsidies, ... \

Inertia

infantile

juvenile medium

System maturity
Product improvement

adult low

Performance standards (private/ public), norms, ...
Demand-pull (private/ public)

B e et <

D

Main policy focus

Exemplary measures



Outlook Phase II 2017 — 2020 .-
Efficiency at Building Scale

A
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Today

Performance Gap
Building Human Interaction
Service & Control
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Renewable Energy Systems
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RDES Development
Control&Management
Application&Demonstration
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Energy Performance at Regional and

National Scale
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Demand modelling
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Regional and National Strategies
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Outlook Phase II 2017 — 2020 s epert
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A
Accelerating the diffusion at
building level
COZ Fascilitation the diffusion of RDES
T \ Business modell innovation

Today




ey Lo . NYYD)
Kaya-Identitat fir Gebaude

602_%><A><@

E Energiebedarf der Gebaude
A Energiebezugsflache

CO,/E Kohlenstoffintensitat des Energiesystems [kgCO./kWh]
E/A  Energieintensitat [kKWh/m?a]

Mavromatidis et al. 2016



Ist Suffizienz ein Thema
der Energieperspektiven?
(Umfang: 904 Seiten)

«Suffizienz»: 0 Nennungen
«Suffizient»: 0 Nennungen
«Suffizienstrategie»: 4 Nennungen
«Suffizienzeffekt»: 1 Nennung

jnfzragggb&r

Sun,
dssa,-,-,l f0r £
Sigig

g[’"im@,;-,, Dart,
- X ar
Uiy Ki/’\’.‘l‘ngl.




FUr nachhaltige Bauwerke, die

m Dauerhaft und solide sind

m Ntzlich und funktionell

m  Anmutig und schon

Vitruvius (1. Jahrhundert v. Chr.)
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