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The energy systems
are changing dramatically
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From predictable long-term value streams ...
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A future energy system must enable autonomous operation SIEMENS
of millions of active assets!
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Future Energy System SIEMENS
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Our proposal: a transactive energy system ... SIEMENS

™ . .. where even residential and small C&l

&/ consumers and prosumers-or e-cars can
/| trade energy and flexibility to cover energy

-+ /I demand or to contribute to grid stability
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Siemens’ Transactive Energy System Approach

3-layer Market Structure

Transmission

Grid
Distribution
Grid
Feeder or
Substation
[ ] Optional
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Transmission
\YET Gl
System

Siemens Transactive Energy

Framework for Distribution-Level
Local Market System

Local Market
(Microgrid)

Local Market Local Market
(Feeder) (Substation)

SIEMENS
lngenuity for life

Campus
Community

City district
Industrial complex
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Energy landscape within the transactive energy system

Transmission Trading Platforms

DSO Trading Platform

Microgrid Trading
Platform

_—

Market Participants

[ ] Optional
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Distribution
System
Operator

Enterprise Data Center/Cloud

Constraints

Substation/Cloud

Agent

Distribution
System
Operator

On-Premise

2017

Agent

Consumer

Constraints

Microgrid Trading
Platform

Bids and offers
Agent Agent

Prosumer E-Car

SIEMENS
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TSO/ISO

Distribution System Trading Distribution System

Platform

Trading Platform

Bids and offers

Agent

Commercial
and
Industrial

Microgrid Trading
Platform
Agent Agent Agent
Aggregator Energy Producer
Retailer

Enterprise Data Center/Cloud
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Integration of transactive energy markets SIEMENS
as a balancing option in a first step lngenuity for Life

Coupled real-time markets

Transactive
Energy market

Transactive
Energy market

| | |
~ Day-ahead |, | Intraday 1 Transactive ~ Balancing | |,
I markets S markets N Energy market . power markets | -
L oL L . I
i i | f i =
Days Hours Minutes <1 Hour

Time of
power delivery
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Principle of the Trading Platform

w1t Producer

t

Transactive Energy

Trading Platform

Sell Order(s) Buy Order(s)
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SIEMENS
lngenuity for life

»
»

Consumer _ o
 dynamic pricing

 double-sided auctions
based on a series of
overlapping trading
time intervals (time-
slots)

?ﬂ « Dynamic time-slots
(1 to 15 minutes)

?ﬂ « different trading
categories with
respect to the delivery
guality
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Blockchain and associated smart contract technology offers SIEMENS
key functionalities required for transactive energy systems lngenuity for Life

Enables self-executing, Enables secure & cost

Automation & Cost

tsrzl:]-se;g?i;cr:g.g Reduction: Security: efficient billing & prove
eliminates need for peer-to-peer transactions Immutable records & of thfe orgm pro::esses
separate financial ~and ?jettlement with Trust of source :.nge.r or renewable
management process integrated payment (option) - gy Y
Blockchain /

Smart Contracts
Enables P2P energy & \ Enables predictive |
flexibility trading of New Business Models: Optimization: \ analytics across shared
different stakeholders Multi-stakeholder Data available in one data (e. g. price data,
and asset on a collaboration in different use | distributed / shared database market data, load

profiles, grid utilization)

S

common platform cases
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Distribution Grid Level: SIEMENS
P2P energy trading of energy & flexibility within a local market lngenuity for ife

Powerﬁ\«.,, %TSO — . DSO
utility T
| |

T
@ E E n ' -Hv Transactive Energy Market Place

w3 L Lg L] L]

Prosumer Generators Generators Generators Consumer Consumer
Prosumer/Producer Regional Market Place for Energy and Flexibility Distribution
Dynamic pricing based on market mechanisms A~
- ﬁ + Platform enabling dynamic price making for energy
supply and demand based on smart contracts

+ Automated payment on nodes based on performed transactions

S Ensure compliance with regulation and grid constraints L
Verlflcat_lon of energy + Local grid operator or DSO impose utilization based Verlflcat_lon of energy
transaction and logging grid fees on energy trade in marketplace transaction and logging
»| ° DSO and/or retailer/aggregator enable exchange <
Trade energy demand/ of energy between different market places Grid status and congestion
generated energy, flexibility A A forecast

and storage capabilities
Trade surplus energy and energy

Consumer Trade energy demand demand on transmission level/ Transmission/Retail
and demand flexibility with neighbor cells

P

Verification of energy Verification of transaction
transaction and logging and logging

LS w

Information flow
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Feeder or Substation Level:

Example Brooklyn Microgrid

Virtual Microgrid enabling energy trading between community

members

Consumer

Spectrum
Power ™
MGMS

Monitoring, LIS IH» LIS |H»

Data analytics,
Predictive
analytics; 1

Prosumer

B

SIEMENS

Regional renewable

-l e

. Transactive Energy
Market Place

=

LO3BENERGY

Regional non-renewable
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LS e

SIEMENS
lngenuity for life

Transactive Grid & Smart Meter enables:

- Solar surplus & consumption tokenized,;

- Surplus & Flexibility traded in
Community Energy Market;

Consumers and prosumers can decide which
sources to buy energy from

(e. g. local PV, local CHP, regional Wind,
natural gas, coal, etc.)

Consumers get the opportunity to earn rewards
for negawats they do not consume during
certain high peak times

Operator will be able to track energy flow within
virtual microgrid, interchange with external grid
and to predict future energy flows

Stefan Jessenberger / EM DG MG



Feeder or Substation Level SIEMENS

With island mode capability for increased resiliency lngenuity for Life
Physical“ Consumer Prosumer Producer
1) _ _ |A = =

Microgrid n = & o P“‘““‘ Local market operation Eco
Node | S N\[o]o[C] | . Node 1o )

) = = ® System will enable island

Transactive Energy mode operation of isolated

Market Place ) . .
microgrids during black out
Siemens microgrid mgmt & energy market operation platform of main grid

Aggregation of BC-enabled devices for optimization

Real time data || against non BC-enabled central DERs as well as operation

analytics, and control in constrained mode / island mode
predictive

analytics & Grid stability, Reliability & Resiliency
Monitoring of Control non-BC-enabled DERs

Microgrid

Proxy to “traditional” energy markets

Regional renewable . Regional non-renewable

—_— H - Increased Resiliency
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Vision: integrated ecosystem for regional transactive energy SIEMENS

trading and optimized grid control (VDE: “Zellularer Ansatz”) lngenuity for ife
Adjacent Regional Transactive
Market Places Energy Trading Enabling

~

= Maximum grid efficiency by
optimizing power flows through
location value based pricing

= Minimum capacity requirement
through demand response

= Increased Resiliency

Consumers to make more informed
energy choices

Sustainable and affordable energy
supply
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Advantages of using blockchain & smart contracts SIEMENS
Ihgﬂhui\‘y-for&ft

« Automation of trading processes (self executing smart contracts)

» Cost efficient trading of energy and flexibility even from small prosumers and
consumers

» Reduction of complexity and cost of clearing / settlement / billing

» Support of nodal pricing mechanisms (variable grid fees, congestion
management) based on spatial location data

* Increased accuracy of forecasts based on transparent market data

 Cost efficient proof of origin of energy (e. g. for green power certificates)
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%1 stefan Jessenberger

Innovation & Partner Manager
Siemens AG
—— EMDG MG

/ Nuremberg, Germany

e stefan.jessenberger@siemens.com
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