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Plano de estaciones con Accesibilidad Universal
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Installed Net Capacity Germany (2017)
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COMPONENTS OF THE GERMAN POWER PRICE 2017

Average electricity price for households in Germany

‘ Taxes, levies, surcham
Value-added tax

4.66 ct Renewable surchage
6.88 ct

ectric ax
2.05 ct

evies:
2-8W '.8 ct

5.7% ancessior
"

Power
generation or

s " x e T T '_~\_;z‘» R T R
aquisition, it e

Sales 'f; E S o - B2 e
5.63 ct LT B i SR =

o : Grid charges _
: 7.48 ct 21.65

'
3
»
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>50 €/MWh

Structural challenges

of renewable integration

12,5€/MWh ‘ ' : WO
Handelsblatt has learned. That would raise enelgy prices

in southern Germany and lower them in the north.

0 €/MWh

(Staudt 2017)




Major Challenge in
single-price
electricity markets

wstitut far Technologie

Infrastructural/spatial mismatch

between generation and Q : Egg::ggtgﬂ E::E ggwn

2.957 GWh

consumption of electricity

w

581 GWh

Legende

e Wirkleistungseinspeisung erhéhen
O Wirkleistungseinspeisung reduzieren

. ramprion

B rAinsneTew

B~ 750hertz

B venner

current solution:
- Redispatch

(Cost in Germany 2015 2.871 GWh
1 billion € = 740 billion CLP)

1 Institut fur Informationswirtschaft und Marketing (11ISM)
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Decentralized
cellular
structure
for

Local
Markets
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100% REGENERATIVE ENERGY SUPPLY IS NOT FEASIBLE BY NOW.

TRANSITION TO 100 % REGENERATIVE

1111 n o r R



LOCAL ENERGY MARKETS

HYBRID MARKET

CENTRAL ENERGY MARKETS

THE LOCAL MARKET APPROACH IS A STEP TOWARDS A MORE SUSTAINABLE ENERGY MARKET.
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Plano de estaciones con Accesibilidad Universal
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“GRID” AS MARKET MAKER (ESW):

» BALANCING ENERGY SUPPLY OVER X [g Enersy Storage System
THE GRID OR COMPLETE Slliet:t (Bi)ockchain
INDEPENDENCE POSSIBLE

':Q
@ Photovoltaic System

PROSUMERS:

STORAGES
CONSUMERS: » EXCESS ENERGY SUPPLY CAN BE SOLD
ON THE MARKET OR STORED

* ENERGY GENERATION AND ENERGY iS

» NO OWN PRODUCTION OF ENERGY
+ EXCESS ENERGY DEMAND HAS TO|,
BE ACQUIRED FROM THE MARKET @\
:

rat

edsile

PEER-TO-PEER ENERGY TRANSACTIONS BETWEEN MARKET AGENTS




LOCAL ENERGY MARKETS

HYBRID MARKET

CENTRAL ENERGY MARKETS

THE LOCAL MARKET APPROACH IS A STEP TOWARDS A MORE SUSTAINABLE ENERGY MARKET.
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CHALLENGES FOR THE DESIGN OF FUTURE ENERGY MARKETS

=  \WHAT IS THE OPTIMAL MARKET SIZE IN LOCAL MARKETS?
= HOW MUST LOCAL MARKETS BE COUPLED?

HOW IS THE CONNECTION TOWARDS UPPER GRID LEVELS OF MARKETS TO BE

DESIGNED? o

MICROGRIO

Decentralized P2P Trading
The Brooklyn Microgrid Project

GOALS: \

= SUPPORT LOCAL P2P ENERGY

; | TRADING
Potentia . 3 23 Paer o Exl W = STRENGTHEN COMMUNITY AND
Negteor = — L REDUCE RISK OF POWER OUTAGES
< ' » CREATE INCENTIVES FOR LOCAL
= : INVESTMENTS
rogucers BB ' e = TRACEABILITY OF TRADING OF
Blockchain-Technology...

@REEN“ ENERGY /




LAZARETTGARTEN MICROGRID PROJECT (LAMP) LAMP

Landau Mikrogrid Projekt

Scope —
LO3ENERGY

« EXPERIMENTAL SANDBOX ( EnergieSidwest
« 130 APARTMENTS/HOUSES, 19 BUSINESSES ~o—

e ESTIMATED ELECTRICITY CONSUMPTION 300,000
KWH P.A.

* ESTIMATED DISTRICT HEATING 750,000 KWH P.A.

Methods

= [MPLEMENTATION FOR 10-20 PARTICIPANTS

= [NSTALLATION OF A LOCAL ENERGY MARKET (1 CELL)

» REGULATORY FREEDOM FOR ANY MARKET DESIGN
(AREAL GRID)

* PHYSICAL MICROGRID WITH THE POTENTIAL TO

INCLUDE NEARBY COMMUNITIES - AUTARKY THE LAZARETTGARTEN
POSSIBLE?




Blockchain and loT
Technology




LAZARETTGARTEN MICROGRID PROJECT (LAMP) — CUSTOMER SIDE LAMP

Landau Mikrogrid Projekt

 BOUNDED RATIONALITY: SETTING YOUR PREFERENCES ONCE ——

 AUTOMATIC BIDDING WITH PREPROGRAMMED AGENTS AND SET LOSENERGY
MARKET MECHANISM

* GRAPHICAL EVALUATION OF GENERATION, CONSUMPTION, PRICE, — i e e
ENERGY SUPPLY MIX

 RESETTING PREFERENCES AT WILL

account
Tom Smith Update Profile
50 London Rd
EW1 5FF

Monthly targets Next bill
01/10/15.

- ENERGY-IS PROVIDE CONVENIENT ACCESS TO SOPHISTICATED ORGANIZATION STRUCTURES.



COORDINATION EFFORT IS A SIGNIFICANT ENERGY SUPPLY OF MODE CHOICE DECISIONS.

Complexity of product description

High

Low

|
+ [
A m
1 = i,
! L X N ii.',f?:;'
: “‘, \\<ﬂ ,’t\:.s-
1 ““*é_ ﬂl
: “,f‘*ﬁ
. Hierarchy
|
______________________ e e e e e e e e e - -
1
1
T |
1
1
1
|
. |
« ;7? . !
AT . Y |
PP !
e , i
1
Network .
1
|
1
1
1
Low High

Asset specifity

[Malone, 1987; Williamson 1980]



ENERGY-IS CAN CONTRIBUTE TO MORE SUSTAINABLE ENERGY DECISIONS.

MARKETS

CITIZEN . Toge PPPY
| . €
O O A A
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\

[CLIMATE CENTRAL, 2017]
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INFRASTRUCTURE IN THE INTERNET OF ENERGY

TODAY TREND INTERNET OF THINGS

Shap, %
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/ 100 101

form [ MG 14 |Mr[ 11.582150¢ ]
[“ax2a0z400 JV[ 107601 JA
Tdﬂtgiam 50 'H2_75 | WkWh(71)

LN 44001

YEARLY BILL: HIGH-FREQUENCY MEASUREMENTS (SEC)  BILLIONS OF CONNECTED

1 DATA POINT PER YEAR FOR ALL CONSUMPTIONS SENSORS IN THE POWER GRID
1800 VALUES PER HOURS PER HOUSEHOLD
- 15,7 MIO. DATA POINTS PER YEAR



TODAYS CONTROL PARADIGM

STORAGE

.
/\ VOLATILE
MOSTLY RENEWABLE
INFLEXIBLE ENERGY SOURCES
\/ LOAD v
50Hz
CONVENTIONAL

GENERATION



CLASSIC DEMAND SIDE MANAGEMENT AIMS AT LARGE CONSUMERS

.
/\ VOLATILE
MOSTLY RENEWABLE
INFLEXIBLE ENERGY SOURCES
~_ LOAD ~~
50Hz
FLEXIBLE CONVENTIONAL
LARGE STORAGE GENERATION

CONSUMERS



SMART DATA ALLOWS FOR USING MICRO FLEXIBILITY — THE LONG TAIL

FLEXIBILITY LARGE
CONSUMERS

L

SizE OF CONSUMER

LONG TAIL - MICRO FLEXIBILITY



CLASSIC DEMAND SIDE MANAGEMENT AIMS AT LARGE CONSUMERS

.
/\ VOLATILE
MOSTLY e ~ RENEWABLE
INFLEXIBLE ENERGY SOURCES
LOAD FLEXIBILITY ~_

\/ MINING

50Hz

MICRO CONVENTIONAL
FLEXIBLE STORAGE

LARGE FLEXIBILITY GENERATION

CONSUMERS POTENTIALS —> Al FOR IDENTIFYING AND USING DEMAND-
\_ ) SIDE MICRO FLEXIBILITY POTENTIALS




HETEROGENEOUS DEMAND AND QUALITY OF SERVICE

VALUE
A
mj g
— @ ENERGY SERVICE
25 CENT/KWH -----f---m-mmmmemee- —————————————————————————————————————————
‘\/\
99,9% RELIABILITY [Salah, 2017]

HETEROGENEOUS VALUABLE, FLEXIBLE DEMAND FOR ENERGY SERVICES ENABLES A
LARGE POTENTIAL FOR QUALITY OF SERVICE DIFFERENTIATION



BETTER COORDINATION THROUGH...

HUGE POTENTIAL FOR CURRENT AND
EMERGING PLAYERS: AGGREGATORS,
BROKERS, INTERMEDIARIES, SERVICE
PROVIDERS

QUALITY-DIFFERENTIATED SERVICES

SECURITY OF SUPPLY?
SURE, BUT...

IKT

SERVICE VALUE
NETWORKS

MARKETS

INNOVATIVE DESIGN OF FUTURE ENERGY MARKETS



FLEXIBLE

Fluctuating

enewable energy ...
renew oy ...to be balanced with intelligent

demand management

Customer
connected
to grid

Contracted
customer

Set of contracted
customers

ENERGY PRODUCERS ENERGY CONSUMERS

[Garttner, 2016]
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@ COMPREHENSIVE

EV ‘C

~
e "ol . “ A '
N2 &%=
.

TO FUTURE ELECTRICITY SYSTEMS
g 2



@> COMPREHENSIVE]
e”e

[Working Paper, Staudt, 2017]




(-/“g> COMPREHENSIVE]
o”e

p> 57“95 Assumptions:
L@—Q 1. Renewable
generation 2015
2. Reduced network
model (5 nodes)
3. All EVs contribute
as V2G to system
4. Actual electricity
generation park
used

[Working Paper, Staudt, 2017]




(-/“g> COMPREHENSIVE]
o”e

P oy

ey e N
801.416
0,03€

P 57“9? Assumptions:
L@—Q 1. Renewable
751.859 generation 2015
0,09€ 2. Reduced network

oy model (5 nodes)
j-z@—@ 3. All EVs contribute
49,23 1. Actual olocrity

49,23€ . y

generation park
used

1.342.797
0,16€

5 million EVs compensate
the redispatch entirely!

761.239
113,04€

[Working Paper, Staudt, 2017]




SUMMARY

FUTURE ELECTRICITY SYSTEMS NEED NEW MARKET STRUCTURES AND DESIGNS

HYBRID MARKETS AS INTERMEDIATE STATE TOWARDS FULL DECENTRALIZATION
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