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The Research ldea

> Multidimensional Energy Knowledge Management
> ADSL-based measurement techniques

- Data processing through Internet portal

> On-line peak load management

> Energy and Cost minimization

> Energy Scorecards and KPl management

- Web Broker in on-line Energy Stock-Market

- ...everything through ADSL and Internet...
> ...strong mathematical background for EKM
> ...differential topology is a nice solution for optical reasoning

- ...effective use of Data Fusion philosophy
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Energy Knowledge Management (EKM)

- Real-time Energy management through ADSL pools

> Dynamic Pricing and personalized Energy Services

> A complete web-based Strategic Energy DSS system

> Integrated Energy Information System (EIS) for ESCOs

> Embedded Energy KPIs and dynamic Scorecards

- EMIR System: Energy Management & Intelligent Reporting

MATHEMATICAL MODEL [ ONTOLOGY 7 HYPERCUBIC 7 WEB-BASED
AND OPTIMIZATION | ENGINEERING I CLUSTERING L /| SEMANTIC NETWORK

WEB-BASED RESULT
ANALYSIS &
INTELLIGENCE

WEB-BASED EMIR
SYSTEM
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EMIR System in a closed feedback loop
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EMIR System Positioning
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Energy base Mathematical Model

The typical load vector LD, comprised of various daily load
vectors Im can be described as

J

L Li,,Li

I-D = Hpy + de Vm
i=1

where pm and vm are deterministic parameters and
wd is a daily stochastic process.

>

(QJ' —La - LE)*SMPJFZm:(Qia - L?)* SMP =0

j=1

Energy Balance Equation is shown above
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Functional Attributes

Load Elasticity

Load Seasonality

Load Mean Reversion

Stochastic Growth
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Demand to be completely inelastic
(i.e. independent of market clearing
price)

Seasonality is a major driver for
electricity demand observing
seasonality over the daily, weekly,
and yearly cycles

Temporary spikes in electricity
demand, often induced by extreme
weather conditions. However, these
spikes are not sustainable and
demand reverts back to normal levels
within a few days, hours

Growth in electricity demand is driven
in part by trends in the overall
economy

7/21



)S

power systems modelling

Objective Function

The load Q is closely linked with the n-dimensional Contract Matrix Wn

|:Qi Oci Wnk:|ocer

>

(Qj -L, - LE)* SMP+Zm:(Qia — L‘?)* SMP =0

j=1

Where Matrix W represents closed contracts between Suppliers
and Consumers and e is a multidimensional stochastic vector,
representing climate and behavioral uncertainty.
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Hypercube Model and Clustering
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64-dimensional Hypercubic Simulation
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Passing agents pas vadex

Hypercube Verticas

SasEing verilces per veriex and cycle

Random release of agents in a
distributed Hypercube and measure
the collisions and double-norm
clustering calculations. We start
with a random Valiant-based
permutation and then deterministic
routing for norm-clustering
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EMIR General Topology

m
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Matlab Server Pages (MSP)
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Innovative Research

> Web Energy Dashboard and dynamic KPIs
> Dynamic Energy Pricing and personalized Services
> Free Web energy CRM like energyforce.gr

> Internet-base load transfer between customers

> Energy dynamic pricing and mobile Energy Contracts

> Internet-based energy auditing and e-minimization

> ADSL-based Energy customer profiling (EMIR@home SC)

> Two successful National Patent applications to OBI-Greece
> 2nd ITnnovation Prize at National Innovation Contest

2006 from OTENET -> http://www.innovation2006.gr/aqr/
> EnergyRank algorithm can create the first Energy Google ?
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Impact and Conclusions for Services

- Energy Customer Slot Guidance (E.C.S.G.) and shaping

> Better management of total energy usage and Peak Control

- Get details about the amount and timing of your energy use

> Identify and implement operational strategies to control load
factor, peak load requirements and reduce energy waste

> Understand and improve Consumption & Statistical patterns

> Secure a better variable cross-correlated dynamic pricing
from the retail energy markets with personalization

> Highlight anomalies in electric consumption

, Energy suppliers can acquire faster data enabling proactive

energy management
- Reduce the risk of the energy business in a volatile market
> Manage peaks to avoid spot market energy purchases
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Output Graphs

EMIR ROLAP Reporting - Microsoft Internet Explorer _ fz
DYNAMICALY GENERATED REPORT by using on-line EMIR Decision Support Systems 5

Report Criterion : Reporting maonth of June - 2005

Report Mo @ 2006 2 2 117 _

Tatal Daily Load
Generated Date : 22-Feb-2006 10000
Reporting Date : Gth of June g
£ 5000
Reporting honth :© June E
Reporting Generated by © BWllR Systemn (C) 3 o
o 5] 10 15 20

Reporting Year : 2005 Hours per day

See report ¢ Click to see ¥WL report =

Graphic Analysis

hin 20149
Tatal Daily load hiax 5109
tvtean 208 28

hitax G931
hikan ]
o 5 0 15 i} i
Hours per day tin 5638
his: BE2E
The average Load owerthe day is : 56424 hivh and the 5TO : 1053.04 Wiean 10595

07/06/2007 PSM 2007 Conference 15/21




j Emir Demo - Microsoft Internet Explorer

Fil= Edit  Wiew Fawvorites  Tools  Help

B

= Back -~ =» '@

tat | @Search [#lFavorites @Media 8 | %v =h lﬂ_fl - a5

| e |Links »

L

Address I@ http:/{fermat.medialab. ntua.grfemir/
4} EMIR. ROLAP Reporting - Microsoft Internet Explorer

30 Cluster per morth

Load (ufith)

hdarth Days Hours per day

The abowe graph represent a 3D figure representation of the Load
(hfiuh), the Systemn hrginal Price (EMfh) and the days of the
specific month.

30 Cluster per morth

Load (ufith)

hdarth Days Hours per day

The abowe graph represemt a 3D figure representation of the Load
(hfh), the Swstem hiarginal Price (EMMMM) and the days of the

specific manth.

30 Cluster per morth

The abowe graph represent a 3D figure representation of the Load
(hfiuh), the Systern hrginal Price (EMfh) and the days of the

soecific month

30 Cluster per morth

30 figure representation of the Load

The abowe graph represent a
{(hAih), the System Marginal Price (EMh) and the days of the

| »

soecific month

I

Pl

& Internet

=l

L@ Done, buk with errors on page,

07/06/2007 PSM 2007 Conference

iﬁstartl“ m @ @ = @ |$| e &) |J @Sent faor va...I @D.UMF Llser...I @My Docume...l @Emlr Demo ’l @Mlcrosoft P... ”@EMIR ROL... |5$a 607 up

16/21



Z} Emir Demo - Microsoft Internet Explorer =1 x|
Fil=  Edit View Favorites Tools  Help i
dmgack - = - 2D i | ‘Qisearch  [GfFavorites  FMedia O | Ey- S wl - = &

Address I@ http: fifermat.medialab. ntua.grfemir} 'I &G0 | Links **

3 EMIR ROLAP Reporting - Microsoft Internet Explorer - |I:I| x| -
3D Load Cluster per month 20 Scatter by month AI
. 100
a0
£ Ew
= g < sspmmi o
B = RIS 3 E
S s 40 el
w »
20 B o T
o
o 3000 4000 s000 5000 7000 2000
Month Days Hours per day Load (W)
The abowe graph represent a 20 figurs representation of the Load The abowe graph represent a K-means Clustering Scatter Diagram of
(WM, the System harginal Price (EMMUh) and the days of the the Load Quiimh), the System harginal Price (EMAWL). The algorthm has
specifis month. used 2 distinst clusters shown in Blue
30 ShP Cluster per month Optimal Profit Scatter foe
5
0 : o
E R : B 2
3 2 ,
i 5 =
= E H 2
z 2" B R
- =
0 Leete - L e iiee.
0o o 5 10 15 20 25 30
hiorth Days Hours per day Days pes month
The abowe graph represent a 3D figure representation of the Ship The abowe graph reprasent a 2D representation of the Best Days and
(EMfivh, the $ystem hiarginal Prica (EMAh) and the days of the Hours whers the profit margin is optimal (ShiP>mean(ShiP) and
specific month. Load<meantLoad)) -~
4] | B -

L@ Done, but with errars on page. ’_’_’__|ﬂ Internet
Egstartllj m [EX] IE F-oN=] @ [ ] |J €59 Sent for va...I 0. UM User...l |5 Software I @Emir Demo —I @Microsoft P... II@EMIR ROL... |5$’3 6110 pp

07/06/2007 PSM 2007 Conference 17/21




Panar DA Athane N7 il 7 _ Micrcacaft Ward

i Fle Et view I 2} http:/ifermat.medialab. ntua.gr - Remodece - EMIR Integration Portal DEMO - Microsoft Internet Explorer

=" W
3 A4 normal + 11t + Repart No 1 2007_5 4 10 5_
Generated Category © Cat 3
[e] Reporting Date © 23th of Septamber
Remadese - EMIR Integration Reparting Manth 1 Septemnber
Generated by : EMIR Remodece System ()
Reporting Yesr : 2007
= Graphical
Period 1 | September
5 Date
2, T Total Daily load for cument Cat Total daily load for ALL Cats
Intelligence

~

m

= / PR ST S
o 10 15 10 15 0
£ Hours per day Hours per day

n

% e average Load e average

w

s

i Total Daily Load for cuman Cat Surface Daily Load for ALL Cats
P

-

=

= 10 15 1 i

= Hours per day Hours per day

P Tha auerage The average

o
=5

T # Internet

i

ia Start T} KAFE - EMIR - b

07/06/2007 PSM 2007 Conference 18/21




LMIR HILAH Haporting - Microsoft Intermat

Gaphiv Bnalysis

Teral Daly hiP

xploran

= 7
i —T—
:? @0 —_—_—
3
®
d
i bl

i i

L a L Ia 21

ERIRR T

P 3wzmie Sk st bhe 43y 13 U140 BAUR aRE the SIL A0S

Total Rlaly Lol

Hinie

& : S
o oo Lo . f.? W,
z L e 4
£ s o = 7
3 s
= £

sl | ;F.

= Pl
T
wne
] 5 [] 15 a0
I kars pe-day

T oavaege wal v Dby b (0G5 BN 400 s 570 0EC 53R

07/06/2007 PSM 2007 Conference

»~

19/21



power systems modelling

Publications and Patents so far...

"A complete Ontological Model for effective web-based Energy Management through a Hypercubic
Semantic Grid", Vassilis Nikolopoulos, Vassili Loumos, 2nd Panhellenic Conference of psdmh, May
2007, Athens GREECE

"A Web-based Information System for Optimal Energy Management", Vassilis Nikolopoulos, Vassili
Loumos, T.E.E. Energy Minimization Research Day 2006, Ac. of Sciences & NTUA

"A Web-based Information System for Optimal Energy Sources Mamagement through Ontologies and
Hypercubic Clustering ", Vassilis Nikolopoulos, Vassili Loumos, Energy 2006 International Conference,
Athens Greece

"A Web-based system for optimal Energy Sources Management, through Ontlogies and Semantic
Clustering”, Vassilis Nikolopoulos, Vassili Loumos, presented at the Technical Chamber of Greece
Research Confernence, 2006

"A web-based Energy Decision Support System for dynamic knowledge energy management and
automatic intelligent reporting (EMIR)", Vassilis Nikolopoulos, Vassili Loumos, Eleftherios Kayafas,
Under preparation for Journal

"A new approach for optimal knowledge extraction from heterogeneous web sources, using hypercubic
clustering”, Vassilis Nikolopoulos, Medialab NTUA 2005. White research paper at Medialab

Holder of Patent with ref.no. 20060100249 with title : A web-based Energy Search Machine and
Decision Support System for optimal management and cost estimation of energy sources.

Holder of Patent with ref.no. 20060100287 with title : A web-based system to implement energy
transactions and energy load commerce for home users through automatic energy management and
energy credit-coupons
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Thank you and ... questions ?

http://www.medialab.ntua.qgr/vnikolop/

http://www.intelen.qgr
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