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Motivation

m Electrical energy trading
m Available marketing mechanisms

m Need for optimizing the price for
the buyer

m Our goal:
develop a system that offers
interactive support for buying
electrical energy
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Motivation for using grids

Computationally very intensive
application

The buyer needs to know what
to buy very fast (real time)

Easy setup
A Security and simplicity of access
B Extendibility
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Description of the problem (1)

Offers
m The electrical power grid is divided into regions
m Each region is connected to other regions with links
m Each region offers a certain amount of electrical energy
[

The regions (providers) sell the electricity in products
The product is defined as

m start hour

m end hour

® minimal and maximal amount

m price per unit
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Description of the problem (lII)

Transfer cost

m Transfer of electricity from one
region to another loads many
links in the el. grid

G. Pipan, J. Motnik, B. Slivni ibej, B. Robit

Source Destination | 1l 11

EPCG EPCG 0.0 0.0 0.0
EPS 12.4 3.7 6.7
ERS 1.0 0.2 -1.2
ESM 10.5 16.4 73.1
HTSO 15.6 28.9 55.5
KESH 15.6 28.9 55.4
NEK 33.0 46.1 20.9
TEL 57.1 26.7 16.2
TEIAS 32.2 45.9 21.8
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Description of the problem (lII)

Transfer cost

m Transfer of electricity from one

region to another loads many Source | Destination [ 1 T

. . . EPCG EPCG 0.0 0.0 0.0
links in the el. grid P T3

. . . ERS 1.0 0.2 -1.2
m The load incurred is given by a ESM 105 [ 164 | 73.1
. HTSO 15.6 28.9 55.5
matrix (PTDF) KESH 156 | 28.0 | 554
NEK 33.0 46.1 20.9
1 TEL 57.1 26.7 16.2
m The usage of the link has a cost s CLA N AN L2

m The cost depends also on the
current usage of the link
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Formal model |

Electrical power grid:
m G=(V,E)
m Link capacity

Cmin : Ex{0...23} — R and
Cmax : Ex{0...23} —R

m Current link usage

z : Ex{0...23} —R
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Formal model I

Electrical power grid:
m Transfer matrix - PTDF
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Formal model I

Electrical power grid:
m Transfer matrix - PTDF

t © VxVxE—][-1,1],

m Products

Pe V — 2{0...23}><{0...23}><R><R

m Cost of transmission on a link

pe : Ex{0..23} xR —R,
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Formal model Il

Formal problem

m supply region v with exactly g units of electrical energy in
every hour of the time interval {hy ... hy}.
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Formal model Il

Formal problem

m supply region v with exactly g units of electrical energy in
every hour of the time interval {hy ... hy}.

m Feasible solution

2{V><{O...23}><{O...23}><N0><N}
m Minimizing the price

(v,h1,h2,q,p) ES he{hy...hy} e€E (v,h1,hy,q,p) ES
hy <h<hy

(.= )+[ S Talen ¥ adnne)
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Complexity of the problem

The problem is obviously very hard

|
m NP-hard - reduction from the PARTITION problem
m makes it “impossible” to solve to optimality

|

we need a deterministic heuristic
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Price Calculation Engine - PCE

PCE is an module of a bigger system

The required input data is received from TISUT

m It uses a heuristic to compute a suboptimal supply for a given
demand

m It does this for all the demands

m If the price of the supply is lower or equal to the price willing

to pay, the deal is closed
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System outline

TISUT

t v v
__Supply / Demand | PTDF & Link Loads Vet s

Link Loads|  ENGINE Match algorithm
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Parallelization

m Only simple parallelization is used
m Calculating the best price for each region

m Future work will focus on more advanced parallelization
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Distributed algorithm

Supply/Demand

G

Problem Partitioning

Price Calculation

Price Calculation

Price Calculation

Price Calculation

Price Calculation
|

i11x

Price Calculation

Match algorithm

TISUT

..

Watch found

N

y
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Implementation

The system was implemented in
Globus

m as a grid service

m tested on 9 regions with 13 links
m 5 machines
[

one iteration finished below 5
seconds
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Summary and conclusions

Electrical energy trading is becoming very important in EU
We gave an analysis of the problem
We demonstrated a new application suitable for the grid

A From the math. model new parallelizations can be found
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