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CSEM a swiss private & public funded RTO

CSEM In numbers: T821 Psqp |2d09| 399 76

mio CHF clients families prOJec’rs

CSEM mission:
Development and transfer of world-class (micro-)technologies to the industrial
sector —in Switzerland and EU — in order to reinforce its competitive advantage. @

CSEM technology platforms to foster innovation:
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systems

PV-center
b & energy

. Surface
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PV-Ausschreibung in Deutschland

Deutschland:
Durchschnitt
bei 4.6 €cts/kWh

In sonnigen Region werden
die besten Preise im Bereich
von 2-3 €cts/kWh erzielt!
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Lowest PV-Tender
Round in Feb. 2018:
4.33 ct€/ kWh as
average quantity
weighted award price

80 €/MWh
204 MWp
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Uniform pricing Bubble size = Award Amount (MWp)

Data: BNA. Graph: PSE GmbH 2019

Quelle: Fraunhofer ISE, Photovoltaics Report 2018
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Anlagenpreise fur PV Systeme, Deutschland 2018
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Durchschnittlicher Endkundenpreis (Systempreis, netto) fiir fertig installierte Aufdachanlagen >10kWp

© Fraunhofer ISE
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Durchschnitt Aufdach: ~1'400 €/kWp

(inkl. Kleinanlagen <10kWp)

. BOS incl. Inverter

Percentage of
the Total Cost

. Modules
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2010 201 2012 2013 2014 2015 2016 2017 2018

Year Data: BSW-Solar. Graph: PSE GmbH 2019

Quelle: Fraunhofer ISE, Aktuelle Fakten zur Photovoltaik in Deutschland 2018
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Installationskosten fUr PV System, Schweiz 2018
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Quelle: SuisseEnergie & Planair, Observation du marché photovoltaique 2018
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Solardacheignung und finanzielle Abschdatzungen

Auswertung via , Beispielgebdude

Erfolgsrechnung der Photovoltaikanlage
Investitionskosten CHF (-)
Kleine Einmalvergtitung KLEIV CHF
Steuereinsparung CHF
Einsparung Eigenverbrauch CHF

Ertrag Einspeisung CHF

Betriebsaufwand CHF (-)

Gewinn / Verlust (-) CHF

Mittlere Rendite

Amortisationsdauer

= CSem
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Potential fur die Schweiz

Solarstrom CH: 50 TWh von D&dchern saisonale Speicherung
und 17 TWh von Fassaden & Energieumwandlung

Representative irradiances of year 2015

January 15t

May 30"
~6OTWh g)gc)zber 20th
2 Datum | PV Prod.
=N = 15.01.2015 7.5 kWh
= | = 30.052015 35.3 kWh
o e 02.07.2015 49.2 kWh
S 20.10.2015 20.5 kWh
> o
.o Csem 2 e Quelle: BFE,
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Optimierte fOr und

Losung zur von
Uﬂd i Wind‘power building
Photovoltaic
mit Verschiebungspotential auf S
e .. “iN
unterschiedlichen for

10

electricity

Komponenten von

elektrischen,

thermischen und Gas

boiler

Gasnetzwerken

Biomass
boiler

sowie dazugehdrigen

EC project PENTAGON, Unlocking local flexibility at district level, grant agreement no. 731125, Dec. 2016 to Nov. 2019
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Basierend auf mixed-integer linearen
Modellen (MILP), welche die
Hauptmerkmale erfassen:

» einfache Modellkonfiguration
> einschlieBlich variabler Tarife
> leicht erweiterbar

Symbol Description

Optlmlzatlon name

energyType -

isSheddable

IoadSheddmgPrlceProflIe

forecastedActlvePowerProﬁIe sensor Pfo’"e’m“(f) Forecasted power proflle provided by
PENTAGON forecasting framework

powerConsumptionProfile actuator P (7) Optimized power consumption of the
consumer

E ... electric network

= CSem

sensor

fsheddmg (’L')

H ... heat network

Energy type of the consumer

(electrical or heating)
Boolean value

The price of sheddmg the load profile

G ... gas network

Component

Baseline Load
(BL)

Photo-voltaic

(PV)

Solar thermal

Wind turbines

Electrical utility | Gas
utility
Power-to-Gas
(P2G)
Heat-pump (Power-to-
Heat, P2H)

Gas boiler
(GB)
Electrical boiler

(EB)

Biomass boiler
(BB)

Gas CHP

Electric battery

Water tank
(Pool, thermal
storage)
Space heating
(SH)

Network Level

E|H Building/District

Building/District

Building/District

District

District

District

Building/District

Building/District

Building

District

District

Building/District

Building/District

Building

Model

Consumer

Renewable generator

Renewable generator

Renewable generator

External tie

Converter

Converter

Converter

Converter

Generator

Cogenerator

Battery energy storage
system

Thermal storage

Thermal storage
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measurement data
— control signals

basierend auf y & PENTAGON network and

forecasting framework
Control

> Integration von Echtzeitdaten comarss ()
> datengetriebener Vorhersagen |
» wirtschaftliche Optimierung

» quasi Echtzeit Steuerung

» Simulation als Entwicklungsopftion

/

(), Predicted and Logged data,

7 )/ district models & scenarios

PENTAGON O PENTAGON
BMS access B optimizer

optimierter Echtzeit-Betrieb

von gekoppelten Netzwerken

live data

BMS ... building managment system

= CSem


https://youexec.com/plus

for multi-¢ grrier energy

ro. A pPython library
ntrol de sign’

f\f ﬂt"b
district uptmm\ o
T. Coreckl and Williaim Martin®

Tomast
lilf_*vmn‘twr 3 2019
VIE A
' i@l SOLUTION
S~ =
Abstract HIN FOCUS+  PUBLICAT
This PO jmtroduces the Macsir?® {ibrary- This Hbeary for Python UBLICATIONS
focuses o8 the design of wr-:rltc\.wt' combrollers for small i@ medium- BY EXPERTISE
arale energy BF pworks. 18 allgers TOTE _epett WEETE to deseribe mmlti- BY INDUSTRY
ntworks with a TenE® of enersy WORKING WITH CS
pEether with = SERVICES

CRITICT {etes Aricity, hest, s ETWTEY
VETEIOT, nml shoTagd mmpm\-'.m\ olaemear ©
Jictive conLre

pmduc\.mn ©
consumption patierns. Pipserd oD this deacription & pre
Y iped and pested 10 sirmlation. This eomtroller AnagEEs
the dispatch of enefEY in the network, making sure that the demends
are met, while pinimiEAns the total anergy oost- Mh‘.nmuw ahjectives D | ST
can b Lpfo"ﬂmd. T Hhrer¥ l.L'-':AC".‘. a mrimed-nieEEt hinear moddiing R | CT E
Ghe the net® an b eed 10 tand-alons N E R GY
i the larger SOETEY & REAL —|—| I\/I E SYSTEMS

Erumcwm'lf po dess
hased o0 Liaﬂrhnh:n-f_\ input filis OT B part ©
coptr platf wrm PE NTAL 200
] [ON
13

Aler

1 I troduutmn
The shift from {vmm\uo{\ EnOTEY eneration in few large plants 10 a MOTe
and more ¢ ict':‘mm\uod reneratinn mfta.buuﬂur(‘ with 8 growing penetrs With the insta
um\ of me‘rmuumt renew wables challenges the mAanagemne nt logic of the grid ystems ﬁ':'-“ tallation of distrib
in all 188 papects: :'tmmmnummu data management. contral {1 . With s and the electrifi hj_ buted ener gy produc
the mETEENCE of micro-grids and self- consumption comumunities, It is ex- H:,,Lﬁe ergy networks Ef on of transport an duction assets, ene
¢ local ori trol strategies will play an jmportant role in the anage. d micro-gr dc R and heat prod Jhrl-—'h 1:1’ gy storage
s i sddition, with {he clectrifieation S are becoming incr Hon through heat
hest pump © gorve heating and €as '|53|';_.-" ’||-- cult o
pechnology such 28 wrer-Lo-Eas L S
pat eNETEY grids are Tecoming :}ﬁ
1 uppr.munmm {0 Improve the i
an 20 resparch I

4 funding from Zyropesn Inions Hori®
pndar grant { Agreame b Mo 731125

*This projact has rpcﬂw
and jnnovation px-:r';r\m

A coordi
coordinated and |
2d an
dintelligent use of all th
all these res
= resources

return on inv
lF neeade

O 1o reguce energy co

SIS S seclre

stment ©
= on energy
ergy assets, mitig
. mitigate power fees. With
= th our con
trol plan
d I’"Ing softw
ortware, non-



https://youexec.com/plus
https://www.csem.ch/Page.aspx?pid=126438
https://arxiv.org/abs/1911.12661

uberblick

EinfUhrung: erneuerbare Energien auf dem Vormarsch — Fokus PV & P2G

PENTAGON: Optimierung zur Energieumwandlung auf Quartierebene

Beispiel: Evaluierung von P2G Technologien auf Quartierebene

= CSem

14


https://youexec.com/plus

Ein einfaches Beispiel

Electricity
sell —
Celec —
buy _
Celec —
; sell pon
if anasPPV 2 CelecPmin
PV pear = - produce gas with Ppy,
H on
if Pexcess < Pmin &
> on buy on 15
pwarmup — ON 77Cgaspmm = Colec (Pmm PPV)
[P = - _ - produce gas at P%
pon pon _
F2G maxr S min Hor W o otherwise, sell electricity
] e R
Tofr2not) Thot2o5f> P 0
T — Off
on2hot
Nno power2gas,
Cong = sell all excess

Gas
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Dimensionierung

Beispiel P2" = 0. 2P97%,

o
©
o

PV output

Not converted to gas
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on 0.60 A

Convertible PV output over year

min
' 0.55 . . . :
‘ 0.4 0.6 0.8 1.0

Pmax / PV yearly peak power

maximaler jGhrlicher P2G-Ertrag
mit P9%, = 82% PJi**
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Technologievergleich

Anion Exchange Membrane
(AEM) electrolysis

Gas
Diffusion Layer www.enapter.com/
Current Collector

AEM

Cathede  membrane

kommerziell

Solid Oxid Electrolysis (SOE)
the PENTAGON approach

Heat Exchanger Network

noch in Entwicklung

17
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Technologievergleich - Resultate

quqm. AEM SOE Gas produced Gas produced

on 801 B no gas produced 801 B no gas produced
pon. 9.2 kKW

. © ©

min 0.2Pnax 0.2Pnax %60' AEM %60' SOE
pwarmup 0 0.1pon " n

. > >
Max  wcng &40

hot w— w
pno 0 0.01R%%, 5 g
n 58% 70% N | . “1 iln- 8
Toffznot 3 MiN. 2 h N | | | | | il | | | | |

. 0 20 40 60 80 100 0 20 40 60 80 100
Thot20ff 3 min. 1h Daily PV [kWh] Daily PV [kWh]
Case Revenue | Increase | SCratio | Gas
[CHF/y] | [%] [7] [MWh]

No P2G 491
707

808

0
89.8
89.7

Nn.a.
45.3
64.7

P2G - AEM
P2G - SOE
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Potential der SOE Technologie bestatigt

P2G fUr Kleinanlagen noch nicht rentable
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Thank you
for your

o’r’ren’rion Andreas Hutter
andreas.hutter@csem.ch

+41 32 720 5156
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