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» Essent is part of RWE

= | argest energy company in the
Netherlands

= 2,4 million customers for gas,
electricity, heat and energy services

= More than 90 years of experience in
electricity producing and supply

= L argest producer of sustainable
energy in The Netherlands

* The Netherlands is the home market,
and the company has a large market
share in Belgium
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Introduction Essent: Innovation focus

Biomass Chain Innovation

 Remain being Europe’s leader in biomass co-firing
by extending and optimizing Essent’s biomass business

» Bio-based economy: develop the value chain for bio-based

Activities applications throughout different industrial sectors
2010/2011 « Technical focus:

«Torrefaction *Bio-Methane

*Pyrolysis *AlgiCoat

Capacity

Biogas
/LBG

Natural gas

Citygas

Time

Today
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Introduction Essent: Innovation focus

Electric Transportation

* Develop new sustainable business by stimulate
market developments and develop charging solutions

« Developing public charging infrastructure

AelyiEs » Develop charging services
2010/2011
Traditional market roles New market roles
> -

charging spot
operator

charging service
" provider '

generatox

DSO
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Introduction Essent: Innovation focus

Energy Management & Smart Markets / Smart Grids

Activities
2010/2011

Large quantities of intermittent power sources will
demand more flexibility in the power system
25

20 - Peak
I‘L | Load duration curve
1 I

MUWWL fil L

Base load capacity

15 -

10 -

Must run capacity

Load duration dispatch of production
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Provide added value to customers
Create flexibility in the power system

Develop energy management services
Develop PowerMatching City Il
Participation Dutch Smart Energy Collective (SEC)

Different roles in value chain

Platform hardware Energy
providers Management
Platform Manager

b
/
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Challenges for the electricity sector

Challenges for the electricity sector
While reaching for a sustainable, affordable and reliable energy system

|.  Substantial changes for grid companies

a) Increase of distributed sources
b) Increase of capacity constrains in the infrastructure
b) Shift focus DSO'’s from technological risk towards financial risk

lI. Substantial changes for electricity producing companies

a) Increase of intermittent sources
b) Less stable environment for commercial investments

c) Commoditization of energy and the search for new products
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Role of demand management
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Role of demand management

Chain optimization
- Peak shaving

— — — - Profile of regular

Peak shaving by transferring power demand
S K to the th h. :
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Chain optimization
- Balancing/regulating power

Role of demand management

— — — - E program (predicted power
demand production)

June 16 2011

Essent Innovation

- | e Realized power
2 demand/production
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Role of demand management

Chain optimization:
- Integration of intermittent sources

“\

15

—._ Load duration curve

Mid merit
10

Base load capacity

Must run capacity
(e.g. industrial CHP)

Load duration: dispatch of production
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Role of demand management

Chain optimization:
Intermittent sources need flexibility through flexible production,
storage or flexible demand

Load duration curve

MM Ul

Base load capacity

Load duration curve minus

15- wmd productlon

10

i (0

Must run capacity i | it T“WN

(e.g. industrial CHP)
[

Load duration: dispatch of production v|
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Chain optimization
- Reducing ramping steepness

Role of demand management

Minimizing ramping steepness _ _ _ _ Profile of
= and reducing spikes in the profile power generation

= x & - And demand
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Challenges for th_e_ electricity sector
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Criteria for a successful technology:

1. Ability to weigh and value the interest of all stakeholders
Very clearly and transparently

2. The system should be automated
To capture the needed flexibility and avoid unnecessary scarce customer attention

3. Very fast or Inherent ‘feedback’ of local production and demand
In order to avoid synchronous behaviour

4. The system should be generic
Able to connect and aggregate both household appliances, EV’s and local generation

5. The system should be scalable and possible to be implemented gradually
Synchronizing investments with revenues and make use of increased understanding during the
implementation

6. Open infrastructure.
To create standardization and avoid lock in effects

RWE June 16 2011 Essent Innovation PAGE 18 ”




Conditions for demand management

Criterion 1: A market mechanism to weigh and value the
Interest of all stakeholders

nergy consumer/
owner distributed generation
- Maintain comfort level

- Low energy hill

- Privacy

- Not restrict behavior
- Support sustainabilit

Production/ energy supplier:

- Peak shaving

- Increasing need for flexibility
- Balancing/ regulating power

Grid manager:

- Avoiding congestion
- Optimal use of grid capacity
- Feed-in decentralized generation

]

________________________
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Conditions for demand management

Criterion 2: A system should automatically optimize primary for
the consumer/producer

The ideal energy supply

- Affordable
- Available
- Sustainable

Chain optimization
- Balancing

- Integration of intermittent sources

Customer (owner/user)

-Maintain comfort level
- Low energy bill

- Privacy

- Freedom of action

RWE e 16 2011
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Energy is a commodity

Control cycle on minute
scale

Controlled assets need

energy storage.:
- Electric (hybrid-)car

- Micro CHP

- Heat pump




Conditions for demand management

Criterion 3: Very fast or Inherent ‘feedback’ of local
production and demand

2000 14c
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10cC
-1000
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-2000
60
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40
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20
-5000
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Conditions for demand management
Conclusion:
An agent based supply and demand mechanism?

Program Top
Responsible
Party Matcher
Residential Gasunie
IMatcher Matchex
EGN?
i Kreilzmarme
e Windpark
ECHJC-dweliing Gasunis Renaqi lat
|:|mC't|;||F TI'310iler PV ?_'mgr‘-tdﬂ\'gplic%‘lces He-a.t Pumps MCHP Hybrid Heai-Pump
eximie EEDSE MYbTI'_ eal-Pumps E||:e|Ctrl9 SI*_llogage virtual PV Fuel Cel Capstone,,
ectric Mobility ug-in Hybric Smart Freezer Smart Appliances

« System optimizes automatically for the ‘customer’
« Ability to weigh conflicting interests

e Avoid simultaneous behavior

e Scalability and gradual implementation
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Hoogkerk

PowerMatching City




Powermatching city Hoogkerk

June 16
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PowerMatching City

Powermatching city Hoogkerk
Electric vehicles

P INERMATCHER

smartgrid technology
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Configuration of the project:
Multi goal optimization

Volume [kWh]




PowerMatching City

ICT Architecture

I
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Data values

O
<
S
©
=
@
S
o
I

©
N
L
Q
<
o

Essent Innovation

June 16 2011

E



PowerMatching City

Coordination principle
Powermatcher: Economics meets process control

Consumption

Volume

Price per unit

Production

E-scooter Laundry machine PV panels Micro CHP

P b
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PowerMatching City

OptimizatiOn of the cluster (DSO’s nightmare scenario)
Using synthetic day ahead block price + weather forecast

2000 _ .
Heat pumps fill their
heat buffers just before
the price increases
1000
i man ma | L o o o AR S Rma s mn:  (me T
1 5 9 13 17 2025 29 33 37 41 45 49 53 57 61 65 69 73 77 81 8% 89 93
-1000
-2000 -
-3000 : ; :
Micro CHP fill their
buffers just before
price drop.
-4000
e
-5000 - U—J
-6000
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Forecasted Power =

Trade agent (CA agent) calculates
optimum use of HP and micro CHP’s
through price (red line), weather
forecast en heat buffer capacity.

In this case a bock price is used
instead of real day ahead market price.

——CA_VPP_FORECASTED_POWER
——CA_CORRECTED_APX_PRICE
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PowerMatching City

TSO balancing signal to real-time control signal

(This signal added to the day ahead forecast gives actual control signal to cluster)

400
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200

100

-100

-200

-300
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0,004

0,003

0,002

0,001

-0,001

-0,002

-0,003

-0,004

Tennet imbalance translated to real time
control signal. (These can deviate because of
different trading strategies). In this case the
signal is just scaled with 10-°)

The ultimate control signaal

CA_VPP_ desired power =

CA _steering volume + CA_VPP_forecasted
power

(meaning control signal = day ahead
optimization corrected for actual TSO
imbalance)

CA_REQUIRED_IMBALANCE
== = CA_STEERING_VOLUME




PowerMatching City

Controlling the virtual power plant:
Desired volume vs. realized volume

4000

2000 - |

1
Nt

| , | i ¥
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TN i CA_VPP_DESIRED_POWER

Ll RYY. , i Power requested (blue)

i

-2000 - ‘

—-—--CA_VPP_FORECASTED POWER
Power predicted (weather and day

ahead market (red)

40 O O i CA_VPP_REALIZED POWER
- Power realized (yellow)
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DSO concentrator

201007 dso prices

DSO Concentrator
Auctioneer

Price

0
20 I
Max substation load
Expected DSO load
W, DSO load
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Next steps

PowerMatching City I

Integrate smart markets in the electricity system

Power

markets-, J
Trader/ AN Supplier/
PRP Aggregator &* Brokég

NS

Project Goal

Powerl\/latchingcity | Value creation and control

System Prosumer

Value Settlement Settlement with prosumer
(allocation/reconciliation) business model and billing

PowerMatchingcity |l

- Expanding from 25 households and cars to 50 -70
- Participation local DSO
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Smart Energy Collective (27 companies)

Consortium Goals

» Develop and test integrated interoperable smart energy services,
including technology and infrastructure

» Creating an open innovation environment in order for these services to be
developed, demonstrated and tested on a significant scale in several pilot locations

» Developing a shared market for smart energy services

8 [l

A" DELTA 2Eneco
aLlyander il
€ b -essent GasTerra
3 heijmans HUMI& EEE
Lo Itron & kpn
ies & sewens 1\
Rabobank smartdutch
unica
STEDIN™ @TE““ET
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Next steps

Flexible Power Alliance

Establishing an European Alliance to create and promote an Open Flexible Power Standard for smart
grids, automated demand management and local generation

Founding members
TNO
NXP
DTU

FLEXIB

Shaspa

SAP
UTInnovation
ECRO
Alliander
Enexis

IBM

The Flexible Power Alliance will establish an open protocol for a seamless commiunication and interfacing
standard covering all devices and stakeholders in the last mile of the Smart Grid electricity value chain. RWE/ ESS ent
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Next steps

Industrial initiatives

Flexiquest (in corporation with TNO and Powerhouse)
e start project July 2011, ready October 2012

1
co-financiers

4[ Grid Operator Cold Storage H Distributer }

! |

! |

: Delta EvoSwitch

' . | Hostin
E —[Energy Supplier Essent PowerHouse ,/ Data Center H Suppliegr ]‘
i Aggregator Kloosterboer/ i

| Alliander PartnerLogistics

! |

|

! |

|
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Next steps

Flexiquest: search for new flexibility

From following demand to following supply

Steering supply . Steering demand Steering storage

RW-E— June 16 2011 Essent Innovation PAGE 39




Next steps

Demand Response in Industrial Processes
(RWE), a LIFE project

*x ./ %
*x [/ *
1: Overall approach of DRIP

Demand Response project idea

Generation

%

savings by
efficiency
measures

Energy Mix
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Thanks for your attention

For more information:

Ger Kempen ger.kempen@essent.nl




