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- Objectives PowerMatching City

= Design, Build and Demonstrate feasibility of a Smart Energy
System

= Optimization based on (local) Energy Markets
- Commodity
- Capacity

= Develop Application Independent  Solution

» Integrate Local Generation and Demand Response
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- One way network

HV Grid (400 kV)

HV Grid (220 kV)

MV Grid (66 kV)

MV Grid (20 kV)

LV Grid (400 V)
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- Two way network

HV Grid (400 kV)

HV Grid (220 kV) %

oKL
MV Grid (66 kV)

MV Grid (20 kV)

o1
g
LV Grid (400 V)

10 .
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~ User point of view

General assumption:
The end-user Is a ‘homo economic’

Its incentives:
 reducing energy costs
 without profit no investments in:
«Solarcells
* p-chp
e Load management
» free energy market with peer to peer trade
e transparency in tariffs in time and load for energy and transport

PowerMatching Cities. DNV KEMA Energy & Sustainability
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~ User point of view

« Comfort end-user
e room temperature
» end time laundery
* Indoor decisions
* People in Power
no external ‘big brother’!
» tariffs are the only means of control
« forecasted energy tariffs

» Optimization energy costs
* selling: max
 buying: min

*Thermal buffer electrical buffer
* Heating
* Freezer
 Fridge

e Automatic time shifting
*\Washing machine
» Dishwasher
* Dryer

» Cost-optimal use domestic resources
* solar cells
* p-chp

* Self learning

» Automatic operations

PowerMatching Cities. DNV KEMA Energy & Sustainability
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Intermitten“t Renewablé
Energy SourceSq

Smart Charged
_Electric \f'f\llces

mCHP for Flexible Power




PV — Solar Power
Physical or Virtual
Connected
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Embedding Solar Power

POWER

T2

16

20 24
SOLAR POWER
— NETORK LOAD
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Embedding Solar Power I
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POWER

clear sky variable clouds
| ﬂ !
i-.._' f i ’ -
& - Fluctuations:
4 Yy - - 35 - 40% for local
forcasts

- 20 - 25% 200 km?

SHIFTABLE LOADS

< £ ¥ =

FLEXIBLE GENERATION

8 12 16 20 24

SOLAR POWER
— NETORK LOAD
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Smart Appliances

Temperature normal freezer

— PowarMatcherprice
— Temperature PowerMatching Freezer
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- Micro-CHP —d

ecoupling electricity and heat|

Electrical output
*Nominal mode: up to 1000W

< Thermal output

*Minimum: 5.5 kW
*Nominal mode: 7 kw :
eMaximum: 12kW 4

TN e oo

Auxiliary Burner

Gas
Supply ||
Q Heat Exchanger

Burner l O
Exhaust

Engine

Generator
Hot Water L
—>
Central Heating System
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30kW Capstor
Gasturbine

1kW Whispergen 7il g
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1. Cost Effective Use of Energy
(In home optimization)

-’JP/JI\/& 4. Integration of Renewable Energy
i (Valorisation and Imbalance Reduction)

2. Capacity Management
(reduce peak loads)

3. CommercidPOptimization
(Virtual Power Plant)
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Your own local energy market at home F/m\
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Local energy markets in a smart grid : F/m\
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- The PowerMatcher

generation

The PowerMatcher is a market-based control concept fo supply and demand
matching (SDM) in electricity networks with a high share of distributed

BpwedBatcher

Each device is represented by a control
agent which tries to operate the process
associated with the device in an economical
optimal way

The only information exchanged between the
agents and the agent platform are bids.
These bids express to what degree an agent
is willing to pay for a certain amount of
electricity. Depending on that, the agent will
start producing (or consuming) or wait for the
next bidding round
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—{ Stochastic operation devices

» Solar and wind energy. The output cannot be controlled

4[ Shitable operation devices

» Washing and drying processes. Can be shiftable up to a certain limit

—[ External resources operations devices }

» Heating and cooling systems. Produce a resource, other than electricity, and have a shifting
operation to economically attractive moments

| ey swsgedsees

» Conventional batteries, flywheels and super-capacitors.

» Diesel Generator. Devices that are controllable up to certain limits

 Audio, Video, Lighting, computers. Stochastic operation devices
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~ Field Test 1

il
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Field Test 2

Field Test. May 2007. Warm wheather.

o | | 2 ‘La 4| Demalmd
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The substation load is
reduced due to the energy
produced by the micro-CHP

There was a demand of tap
water on peak 2 so in the
third peak is was largely
satisfied

The sequence of peaks will
be more effciently
compensated in winter
season
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End-Result: Uncontrolled Load Duration
ona Pistributiop Sgation
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End-Result;: Realized Load Duration
apd I:oad on Di_stril?uti on.Stati on
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Load duration curves of the net substation ’\ ((r

.
|

7000 -

8000 -

Demand
2 5000 ’
| ___— Fitand forget
4000
— PowerMatcher
3000

Time

PowerMatching Cities. DNV KEMA Energy & Sustainability
4™ October 2012

oy



VPP: Forecast 24 hours ahead
based on external block profile

Heat Pumps fill the
21 buffers before the &

/ price rises

Time —

Power (kW)

Blok Price HCHPs fill the

Forecasted Power buffers as long —»
6 as the price
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Insight into Energy Consumption & Produ

A

Pages Jan 1, 2010- Dec 31, 2011
ALL » PAGE /UserPortal/MijnResultaten?Length=0 ~
- 5.82% oftotal pageviews

m Navigation Summary  In-Page

Site Usage
Pageviews Unigue Pageviews Avg. Time on Page Bounce Rate % Exit
02,239 1,761 00:03:14 61.84% 38.81%
% of Total: 5.82% (38, % of Total: 6.28% (28,054) Site Avg: 00:01:33 (108.78%) Site Avg: 41.76% (48.09%)

fvg: 31.06% (24.95%)

100

50

Jan 1- Apr30 =2 2 = y TS = =
Show: All | Starred + Create new annotation
Mar21, 2010 | Kickoff of the portal edit
Jan 1, 2011 2011 edit
Mar 6, 2011 End phase 1 (preparations phase 2) edit
Jul 3, 2011 First participants meeting phase 2 edit
Oct2,2011 Second participants meeting phase 2 edit




ADVANCE USER
Theo (Environmental Safety consultant, Gasunie)

“Gas usage increase in about 15% meanwhile
electricity went down”

“Time delay of approximately 5 minutes in the
energy portal”

/
I.' )
(1Y |
i
W 1|
W ‘
.
‘

“Dashboard to that shows energy usage day
by day per appliance”

“Freedom to generate electricity”

“Hability to control the whole system
remotely”
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FAMILY 5 MEMBERS
Pouwla (Housewife)

“We are more aware of our energy use: Computer,
lamps, shower”

“Despite the constant demand the system is
performing well”

“Gas consumption increase while electricity
requirements has fallen 50%”

“The thermostat for the central heating
cannot work as a timer”

“It just does work”

PowerMatching Cities. DNV KEMA Energy & Sustainability i
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SINGLE APARTMENT
Geert (pensioner)

“Energy bill remains about the same”

“I do a wash tiwice a week, on Sunday, because
electricity is cheaper”

“He now uses more electricity than in the
past. Gas usage decrease”

“It just does work”
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Making the Smart Grid real:
Smart Grid Interop Lab (SGIL)

= Location: Erlanger, Kentucky, and Chalfont,
Pennsylvania, United States

= Challenges: Supplement ongoing industry
demonstration projects to understand and
resolve risks of scaling smart grid networks.

» Results to date: Testing can be performed by
utilities based on their smart grid designs — use
cases that will be exercised in the real world.

Overview: DNV KEMA created the Smart Grid
Interoperability Lab (SGIL), one of the first in the
United States. The initial lab is co-located at the
Duke Energy Envision Center in Erlanger, KY and at
the existing DNV KEMA —Powertest lab in Chalfont,
PA.
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Making the Smart Grid real:

The US Navy Advanced Metering Infrastructure

Overview: The AMI project uses the “Navy’s Public
Safety Network (PSNet),” a very secure network that
can transmit data between the regions in a timely,
reliable way, using the advanced Multiprotocol Label
Switching (MPLS) technology. Inside each base, the
communication network to transmit data from meters
to the DAS (the local area network) is designed as a
hybrid network of wired and wireless solutions,
considering a number of factors such as: security,
safety near ordnance, line of sight, available
infrastructure, etc.

PowerMatching Cities. DNV KEMA Energy & Sustainability
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Location: Worldwide

Size: 120 naval bases in 10 Navy regions around
the world

Participants: U.S. Navy, DNV KEMA, URS,
American Systems, Square D (Schneider Electric),
Weston Solutions

Challenges: Metering practices and electric
service standards with naval regions; Dealing with
100+ utilities; DoD’s security and safety rules and
regulations; DoD’s requirements on information
assurance; Avoiding power outages and wireless
interference with activities; Navy’s requirements to
save energy.

Results to date: Deployment of AMI projects have
been awarded to three multi-award contract (MAC)
contractors in six naval regions. Installation of
meters and communication networks has also
begun in most of these regions, while additional
projects in are scheduled for the current and next
fiscal year.
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Making the Smart Grid real:

Cemig’s Cities of the Future

= Location: Sete Lagoas, Brazil

i)
&7 Reclosure Switch

S

g™ = Size: Implement a Smart Grid
' demonstration with ideal size (approx.
75,000 customers)

- ldeal geographical location (70km north of
Belo Horizonte, capital of Minas Gerais
| state)

P o - Technological infrastructure available

- Collaborative opportunities with local
universities and government entities

Reclosure Switch

Cupacilewll:h.:: I ’
f. :

= Challenges: Integrating Renewables,

! Overview: Smart grid architectural scope includes . P
- Smart metering; Substation automation; Distribution Integratmg Gas and EIeCt”CIty’
automation; Advanced telecommunications; T Consumer Acceptance.

analytical and operational systems; Management
and integration of distributed generation
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Making the Smart Grid real:

Meppel — Nieuwveense Landen

} = Location: Meppel, the Netherlands
= Size: 3,400 “prosuming” households

@ _‘ i : = = Participants: DNV KEMA, Municipality of Meppel,
= i e g\ 82 R 7 Province of Drenthe, the Reest & Wielden Water
Authority, Rendo Duurzaam B.V.

= Challenges: Neighborhood-level energy balance;
Living in a “pleasantly sustainable manner;”
Increased comfort level; Heat and cold storage;
Micro-CHP on bio-gas.

» Results to date: Niewveense Landen designated
as icon project by Dutch Ministry of Infrastructure
and Environment; Plans developed; Base case
shown to be technically feasible; Currently in
decision-making stage.
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One form of promoting the smart grid concept is being pursued
through Duke Energy’s UoF demonstration center

N o
E Envision Center

/7

» Cincinnati-based, technology
demonstration center that
showcases features and benefits
of the “Utility of the Future” to
various stakeholder groups =

« Demonstrates key components of ==
the smart grid vision and how it
operates

 Integrates the work at the center
with related promotional,
educational and marketing
activities targeted for various
stakeholder groups

KEMA is pleased to be Duke’s exclusive partner in designing
and operating Envision as the premier smart grid
demonstration center in the world
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Please join us in the conversation

KEMA JJ HOME BLO i KNOWLEL & BASE CASE STUDES AY REGION CONTAC ™
=~

MART GRID SHERPA

A global knowledge base to provide clasity armul@nca on the path to the smart gria,
- 7, | L~

I'M LOOKING FOR SMART GRID GUIDANCE ON:

Smart Grid Sherpa Blog

SMART METERS.

6/7/2011 Moving Into the Smart Grid Era
arthquake followed by a tsunamiin Japan resulted in renewad

e turmoil in North African and
o - SMART GRID
ApmoRs ] TIMELINE

& innovations
thatgotus here
Smart Grid A Differs From Smart Grid B | aann

ew more

their neighborhood The funny thing is .. READ MORE SMART GRID

BENEFITS TO
UTILITIES

6/3/2011 Has Smart Grid Spending to Date Fostered Enough Job Creation? @0

Visit www.smartgridsherpa.com

The free knowledge resource
and blog for utility professionals.
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www.dnvkema.com




