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The “MEGACITIES” — program of BMBF

Overall goal: developing and implementing innovative and effective
structures for climate efficient structures in future megacities.

Objectives for Gauteng

1. identify most effective technologies and measures for energy structures
and climate protection

2. develop, apply and provide tools/instruments for advanced urban energy
planning and climate protection

3. demonstrate the feasibility of integrated approaches for robust decision = K el
making and sustainable long-term progress e

4. foster implementation by forming strategic partnerships between -

research, city administration, business and implementation agencies/NGO R ane - R
k= s v "“"—'v
5. initiate, monitor and improve exemplary case studies and practical
1 ke QPR 2uc0o (Johanncsburo)
solutions 12 w

N projects in 10 urban agglomerations world wide
IER Universitat Stuttgart



Exemplary result of the EnerKey program

First EnerKey Performance Certificate to City of Joburg

OFFICIAL WEBSITE OF THE CITY OF JOHANNESBURG

RESIDENTS ’ TOURISTS INVESTORS QUICKHELP | E-SERVICES NOTICES SEARCH

World Stadiums

A World

home = news update

]OT’JUF S City gets energy efficient nod )

I’J,)
I

@ world class African city

Witten by Makomns Pebsle

Wednesday, 10 March 2010

Other results and implementation activities

SITE MAP

e Energy management

e Energy auditors training

e SeTAR stove test center

e iEEECo settlements

e ASH climate house

e Long term perspective group (ELPG)
e EnerKey schools project

e Training for energy planners

e CDM evaluation tools

e CDM PoA development

IER Universitat Stuttgart




EnerKey Liliesleaf Action Plan for Gauteng 2015
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Key Areas

Key Areas

l.
Governance - setting the
right incentives

2.
Government —
leading by example

5.
Industry — using Best Available
Technologies and creating a
dedicated agency

3.
Liveable buildings — building
an inclusive environment

6.
Energy supply systems — taking
advantage of regional and rene-
wable resources

4.
Transport and mobility —
integrating the needs

TRCE BiE el - 7
=Em=E=inn .
It som=Em | | ional i
‘EEz_E5E nternational cooperation —
HmaZZHEZE | strengthening the ‘Global City
=L L L Region’

8.

Land use and urban
development — keeping a
balance




The energy transition — a multifaceted transformation

Costs and revenue
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The German Energy Transition - A project for the whole society!!

1. Nuclear phase-out

2. Energy supply with renewable
energy technologies

3. GHG emission reduction and reaching
the Paris emission targets (< 2°C)

4. From central to decentral energy
infrastructures

5. Maintaining Germany’s economic
strength and competitiveness

g, .-
B
haft.de o

i
7 § L.
= -BenosSensc

6. Democratisation and peoples
participation in a vital infrastructure
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The energy transition in Germany — key projects and activities 2014 - 2016

2014 2015 2016
ST e I s A i3 IS I TR o A AR e ST SR 7 - S S 1 D IS B T S ST g - A T S T R

Pilot . . Report on { Renewable Energy *
RES Act B

EU 2030 targets Development of 2030 governance v Negotiation of new EU legal framework
EU 2030/ETS = . o g - =
ETS reform (market stability reserve) ETS reform post-2020

Electricity market design White Paper
Strengthening of regional cooperation in the power sector

Pilot PV auctions scheme

Start -

of auctions

Electricity Market Act/ Implementation
Capacity Reserve Ordinance of legislation

Regional cooperation
(in EU)/internal market

Discussion of EU electricity market design

2024 Grid Development Plan Revision of Federal 2030 Scenario framework
Reguirements Plan Act

Transmission grids 2015 Scenario Framework

Evaluation of Incentive Regulation Ordinance Revision of Incentive Regulation Ordinance
Drafting of Act on the Digitisation of the Energy Transition B Act on the Digitisation of the Energy Transition ¥

. s Energy Efficienc v Implementation of Energy Efficieny Action Plan incl. implementation of EED
Efficiency strategy & y .
e Action Plan Green Paper on energy efficiency

HPH Drafting of Key points of the Energy Efficiency s Revision of Energy Conservation Act / Energy Conservation
Bmldmgs strategy Modernisation Roadmap Strategy for Buildings Ordinance and Renewable Energies Heat Act

Distribution grids

Gas supply strategy Development of a gas supply strategy Implementation of strategy in coordination

with international partners

Monitoring/platforms Progress Report 2015 Monitoring Report 2016 Monitoring Report

7  IER Universitat Stuttgart Source: BMWi 2018, 3rd update Dec. 2016




Four key figures on renewable energy

29.0 & 25

per cent share per cent share
of renewablez In 3 electricity of renewables In Germany’s grozs
generation in Germany in 2016 electricity consumpticn in 2016

The energy transition is on the full run and has changed
the whole energy system already now!

Four energy transition targets

40 - 45 &

per cont

Share of renewables to be reached in

our power consumption by 2025

11.9 4

per cent share
of wind power in electricity

zene
in 2016

icn from renewable scurces

ct/kWh average level of funding
awarded
in the first round of

ground-mounted PV ins
under the 2017 Renewable Energy

Sourc

Act (as a comparison: in first

pilot 2uction round, average funding
awarded war 9 17 et/kwh)

Industry’s role in the econ

6.2 &

million employess

working in 45,308 industrial
companies with 20 or more
employees in Germany in 2017

y
89.6
percant of all industrial companies
belong to the "German Mittelstand’,

and have fewer than 250 empleyees

2022 3

Yeur when the remaming nuclear
power plants are to shut down

40 7«

emissions ara to be reduced
by 2020 {from 1990 lavels)

229 @

Share of GDP
created by the industrial sector in

Amount by which gresnhouse gas

I E

Planned reduction mn our primary
energy consumption
by 2050 compared to 2008

Facts and figures on the electricity grid in Germany

36,000

lolometras
s the total
tratzm s

48.4 &

Percent is the export ratia in the
industrial sector

Germany exported goods
warth £1.2 billion {share of industrial
exports. 91.7 per cent)

1B

wratlion Iolometras
i of t!

approx.

biilion swoy
o tre amount of

Source: BMWi 2018



Energy productivity in Germany increased

In euro/G)J
400
368.0
350 Target: 2.1% increase per year
314.6
. . 301.1 301.1 293.4 313.5
160 2868 2861 ... M —
250
200 e
e — 2076 2093
1827 1832  qg5 1967 194.9
150 ‘
100 - - -
2020 target Increase final energy productivity by 2.1% per year
50 Status 2015 1.3% annually since 2008
0

2008 2009 2010 2011 2012 2013 2014

. Primary energy productivity . Final energy productivity Target
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2015 2016 2017 2018 2019 2020

Source: AGEB und AGEE-Stat. 2016, from BMWi 2017



Export-Import balance for electricity increased considerably

Electricity Export and Import from Germany 2015
100 trade and physical movement 97,8 96,9

90 81,9 81,4
80

70
60
50
40
30
20
10

Trade (TWh)

31,7

2012 2013 2014 2015 2016 2017

wn Net exports e Import = Export

Source: Agora Energiewende
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The question of costs becomes vital for acceptance and
economic competitiveness

Source: www.weltflaggen.de



Auction price development for utility scale solar PV installations — world wide comparison

USD/MWh
350
South Africa
300 —
250 —  India
France
Peru
200 —
Morocco
Jordan
150 —
Zambia
100 — | Germany
S — Brazil B o China

50 — = - ® Argentina

USA e — ' Mexi

Saudi Arabia exico
a UAE (Dubail  IChile
0
‘2"010"' - ‘éDH - ‘2012“ "2013" | "20]4“ - ‘2015"" - ‘éms’"
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Price development for wind onshore within the new auction system in Germany

y I Cingegangene MW
3000
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Wind offshore projects with no subsidies are in sight!

1o lipk with new
Energy breaks subsidy link
ner
Dong | lld faxlns jal aid in groundbrea\(‘\ng deal

offshore W1

mRE )

© Bloomberd

offshore wind

out any subsidies:

A \t C )
pilita Clark, Environmer o world's largest
< with

The green POV |
mpany sal
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IER Universitat Stuttgart

ADBOUT SUMNITS CONTACT LOGIN SCARCH

BloombergNEF rrRoDUCT oLoc

Dong Energy’s Zero-Subsidy Offshore Wind Farms Are
Ripe for ‘Farm-Downs’

f v in =

August 22, 2017

By Bryany Callins, Rloomberg New Fnergy Finance editar. This article
first appeared in BNEF's ‘Naw Energy Deals’ publication, available to

clients on the web and on the Cloomberg Terminal.

Source: Bloomberg NEF



Technology development and integration is key!

Verteilung von Windkraftanlzges

G- I-uln-ut olet
te

Yo Bosas [ Moturs aas o ciion

syt e 116 trcied bissas 2an oo
» —— fertchmatly 1 maishng
Gas storans tank Fatin g e ek
Formontod rodd.cc 1he resdng .no:.s % stored Bivgau Mling sttion
i l\“ i A‘r‘n‘s&u" ULkl mukmnr«:'mnuln ik o 0 e Femerier Combinad hast sed pows: plact gapemether
i L # cas iny oy oore i n g
‘n,\‘ﬂﬂw R setanhe cesdiction r the 1] :"" soon Uwhemetiy I ik goniiates ey = N
Ll 4 58 7 el tart Izees. = ‘~“~‘~\~

LT
. i R
o ()
e S, 4
Process heat " .
ot B ‘omon;z 3 A ™ F‘
2 |
r-r-nm ) ) e 4
L oy NI ar B Biamiss 3 Bean Joen Heat
wiss i b and Sxyaentse
Cill . T Te TERRT N PIOC6SS BICCUCF [0'0]
et ans ond varben dialds - th biogan . i
p i
omane Lol

wazte



DIA

N‘\ndTech: ZF modular concept
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The new flexibility option: sector coupling and ,,P2G” (power-to-gas)

IER Universitat Stu

feed-in point for
renewable electricity plant

renewable electricity
generation

electrolysis

——

H2-transfer . Hz-storage

" NG distribution
& network

Nat. gas power
plant ,
-,FA.-.)»?‘.:;:,;;-, N - * Methanisation

s.,»\x e g - from H,and

source: EnBW
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World wide first industrial Power-to-Gas-plant AUDI

Audi A3 Sportback g-tron Audi
o wind energy generator
Ausgangspunkt fiir das Audi e-gas project
ist regenerativ erzeugter Strom.
" electricity grid
Pl Die Windenergie wird in das
’-,.-‘ offentliche Stromnetz eingespeist.
ni"' 14
P ¥ gas network / grid
n* o Das e-gas wird im 6ffentlichen Gasnetz gespeichert
4 und kann so auch Haushalte und Industrie mit
Energie aus erneuerbaren Quellen versorgen.
/
Typ. plant COo:
Y. P! 6 MW
capaC|ty *
efficiency:
54% +/- 3% T
AC/VN CH, electrolysis unit > .
I 1 Die mit Wmdstrom betriebene A

LO7E (s 15 L target > 20 years Elektrolyse-Anlage spaltet Wasser l
Cyc|e/d ay in Sauerstoff und Wasserstoff. —_—
Availability Within 30 seconds methanisation unit

Supply of e-gas for
Application mobility
examples Use for power control
(secondary pc)

Operation time July 2012 - June 2016

IER Universitat Stuttgart

Der Wasserstoff reagiert in einer
Methanisierungsanlage mit Kohlendioxid,
Ergebnis: e-gas {kunstliches Erdgas).

CNG fuel station

Der steigende Anteil an e-gas fordert
klimafreundliche Langstreckenmobilitat.

Source: http://forschung-energiespeicher.info



PV - the renewable energy for the urban environment

£l
Source: Tesla iy Source: Tesla

Space is available in the cities - especially on Many opportunities are there — combination
offices and industrial buildings with e-mobility and local energy cells

21 IER Universitat Stuttgart



How will the future look like? Five ideas ...

x10q = e SRREERRE | 149 TWh ¢
== residual load 100% RE ‘ \
']50 T T T T T T T T T T T T T T T
0 1.000 2.000 3.000 4.000 5.000 6.000 7.000 8.000

hour of year [h] . \\
source: Hartmann 2012 B % schaft \
L\egen. i....g! 5 @ L ;. E \
schat /iamsion \\ /o e, S b z
8 \\ "o I'IET.I ',4')
(Z 4
Ly
Eegie

* Versorgungs- und Bedarfs-
management (dezentraler und
integrierter Ressourcenplan)

+ Virtuelles Kraftwerk

+ Speichermanagement



Flexible (electricity) energy systems are key — from demand to supply driven energy systems

100

80

60

40

Last [GW]

20

-20

23 IER Universitat Stuttgart

B N el et

e

Curtailment
Elmport
BKonventionelle Kraftwerke
—Last

* example week

///.

Photovoltaik
BSpeicher
m\Wasser
—Residuallast

------------ feed in management — load management

Import/Export
Flexible use of conv. PP

" Flexible use of biomass

|

////////////////

BWindkraft
EBiomasse
ZExport

-Lastast nach DSM

Source: IER University Stuttgart



Small scale, autonomous, reliable and sustainable local ‘energy cells’ are becoming attractive

real
estate,

estate,
object

24 IER Universitat Stuttgart



Bioenergy must be used wisely as a decisive ‘flexible’ technology and energy rich C-resource

50000 N

TWh

20000

10000

0
2014 2020 2030 2040 2050 2060

- 100

600

500

400

300

200

100

gCO,/kWh

Other 100% -
e Wind
m STE 80% M Renewables
- .
1Solar PV
mmm Biofuels and waste X # Bioenergy with
£ 60X "
I Hydro &
e Nuclear § M Nuclear
S 40% -
%% Coal with CCS w
e Coal ¥ Fossil with CCS
0" 20%
#4 Natural gas with CCS W Fossil w/o CCS
mmm Natural gas 0%

====(0; intensity 2DS B2DS

IEAETP 2017

Global electricity generation is decarbonized by 2050 in B2DS and becomes a source of neg. emissions with significant deployment of BECCS
(B2DS=beyond 2° scenario; BECCS = 2% of sustainable bioenergy with CCS; 2DS = 2° scenario; rts=reference technology scenario)

25 IER Universitat Stuttgart

Source: [EA ETP 2017



26

The share of self-production and consumption will increase

www.wulfdach.de

IER Universitat Stuttgart

Small scale and plug-in PV

> www.minijoule.com

I personal protection
‘ unit/plug

Anschluss Schweiz
T T T max. 600Wp

grid operator
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Storage systems need to be integrated in a smart, intelligent way

account C

account A

\_/

> total kWh
produced

Gebiet 1/ A

> total kWh produced

> total kWh produced

NETRION

Standortanalyse
Projekt Strombank

™6 Oktober 2013

Gebiet 2

/Gebiet 3

> / Gebiet 4

Gebiet G/ Gebiet 5

~——Gebiet 7

System: Lithium-lon-Batteries (ads-tec) capacity: 100 kW, 116 kWh extendable to 580 kWh; operation: since Dec. 2014
operator: Netrion GmbH application: lokal flexible storage unit for 18 households and commerce/industry

IER Universitat Stuttgart

Quelle: MVV und ads tec



Conclusions

The energy transition is inevitable and gives more competitiveness and strength
Improved technologies allow small scale and efficient local (cellular) energy systems

“Flexibility” becomes the key issue of the new energy system

S A =

Biomass energy has a vital role for rural energy and levelling-out volatile energy
(wind & solar)

.

Solving the ‘coal’ and ‘gas’ question is decisive for reaching the GHG emission targets

6. Environmental and social goals are equally important than the technical challenge

> The future of energy is very exciting!!

Let’s do it together!
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Universitat Stuttgart
Institut fir Energiewirtschaft und
Rationelle Energieanwendung (IER)

Thank you

for your attention

Dr. Ludger Eltrop
Hessbruehlstralde 49a, 70565 Stuttgart

Telefon +49 (0)711 685-87816
Ludger.Eltrop@ier.uni-stuttgart.de

IER
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