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Electricity consumption management at competitive electricity
market

V.P. Oboskalov, T.Y. Panikovskaya

Abstract - The paper presents the analysis of the
effect of energy consumption limitations on the
consumer’s profit in the short-term perspective.
The consumer’s profit is represented by the dif-
ference between the return and energy purchase
costs, other costs as well as the consumer’s loss
in case of energy delivery limitations..
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L INTRODACTION

At the initial stage of competitive relations intro-
duction most countries normally use the central-
ized auction sale model with determination of
spot price (short-term price) on every time
frame. Spot prices can vary dramatically at the
time of peak demand and off-peak load, over a
number of days, etc. The reduction of capacity
of links in an energy-supply system can also
lead to the rise of competitive prices for the
consumer due to redistribution of power flow
and delivery of energy by alternative routes.

Load control or partial consumption constraint
at peak hours or in emergencies with rebate of
costs can interest the consumer. Moreover, re-
duction of energy consumption at peak hours
and shift to off-peak periods results in leveling
of overall load graph and contributes to energy-
saving.

II. CLASSIFICATION OF METHODS OF
ELECTRICITY CONSUMPTION
MANAGEMENT

Rise of prices on fuel resources and consider-
able deprecation of power stations in Russia
against the insufficient financing of reconstruc-
tion of the existing generating capacities and
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construction of the new, efficient ones requires
search of new solutions targeting reliable and
high-quality provision of consumers with elec-
tricity. Foreign practice proposes a set of
measures aiming at solving the problem of
providing the load at peak hours, which is
called DSM (demand-side management) or
consumption management [1, 2, 5, 6]. Exis-
tence of peak loads results in price rise at elec-
tricity markets and from economic point of
view it corresponds to deficient supply. As a
result, consumer incurs greater energy purchase
costs while the suppliers (generating compa-
nies) use the least efficient electric equipment
at these hours. A possible solution to solve the
problem is to encourage the consumer to man-
age their demand and reasonable price bidding.

Traditionally, demand-side management in-
cludes the measures aiming at (Fig. 1):

- Increasing energy efficiency (general de-
crease in energy consumption);

- Demand response or Load management
(leveling of the load graph by peak clip-

Consumption management

Increasing energy effi-
ciency (long-term pro-
grammes)

Demand response (short-
term and long-term pro-
grammers)

— \

Non-economic methods Economic methods

(blackout and constraint

control)

Fig. 1. Classification of consumption management
programmes



S4-14

ping, shifting the load to valley times and
valley filling).

Demand response can be defined as a set of
measures, targeting at alteration of the patterns
of use of energy consumed by end users in re-
sponse to cost variation with time or due to re-
bate, developed to encourage decrease in con-
sumption at peak hours or in case of threat to
energy supply system functioning. Such varia-
tion of energy consumption in Russia is called
voluntary load constraint [2].

To analyze the possibility of voluntary load
constraint fist of all we should consider con-
sumer classification from the point of view of
their participation in electricity markets. We
can divide the existing in Russia electricity
markets into two types:

- wholesale market implemented in two price
zones: European and Ural zone and Sibe-
rian zone — such market involves such mar-
ket players as export-import operators, en-
ergy supplying companies, last resort pro-
viders, big enterprises.

- retail markets functioning in various price
zones, market players of which involve lo-
cal power stations and consumers. Their in-
teraction is possible though distribution
companies, last resort providers and energy
supply companies.

For industrial consumers, last resort providers
and energy supply companies, as the wholesale
market players, the possibility of gradual
change in load power is rather infrequent. In
case it is necessary to reduce consumption one
can distinguish three kinds of limitations:

the first one consists of least important for
technological process and auxiliary loads

- the second one involves the loads switched
off with the least loss to the enterprise

- the third one features loads the switching of
which is possible without suspension of
major production

- the fourth is the partial or complete suspen-
sion of production.

At present, commissioning the new generating
capacities lags behind the energy consumption
in Russia; besides, the problem rapidly com-
pounds in complexity due to existing generat-
ing capacities aging. To solve the problem of
improving the energy consumption reliability
and safety, maintaining the power system sta-
ble operation as well as optimizing the electric
energy cost, the following solutions can be
proposed:

limiting the energy consumption during
the peak load periods and shifting it onto
the off load periods;

- making long-term bilateral contracts on
energy and power purchasing;

- locating the low capacity sources (dis-
tributed generation) near the consumers;

- introducing energy saving technologies
into goods and services production.

The first two solutions can be implemented in a
short-term perspective without additional in-
vestments, while the last two are impossible to
realize without significant financial and time
resources.

III. CONSUMER PRICE BID
MODELING

3.1 Consumer price properties modeling

Now we will study consumer price properties
more closely. While considering price bids
(PB) consumers rely upon the price property,
which expresses the significance of every unit
of electricity consumed [4]. Such evaluation
originates from time perspective of strategic or
operative planning.

In operative planning the most important thing
is assessment and consideration of the loss
from dramatic increase in electricity price
while sustaining the planned consumption or
reducing it. In strategic planning there is a pos-
sibility of rearrangement or modification of
production.

Generally, consumption price property (PP) has
the structure illustrated in detail at the graph
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Fig. 2. Consumer price properties

below (Fig. 2), where horizontal axis represents
two values — load power (on the right) and
company’s profit (on the left). Figure 2 also
shows a number of typical zones.

A is a zone without electricity constraint so the
price variation only influences the company’s
profit, which remains above the marginal level,
but decreases with the price increase. Costs for
more expensive electricity are transferred to the
price of the goods.

B — The increase in electricity price results in
the commodity price increase, which, in its
turn, reduces its competiveness and ends up in
demand decrease and reduction in production.

Technology and organization of major produc-
tion remain intact. There is a possibility of
slight consumption constraint by shift of auxil-
iary production (manufacture and maintenance
of the manufacturing equipment, repair of
business buildings and structures, manufacture
and maintenance of technological equipment
etc, mechanical, maintenance, etc workshops)
to another part of day. Profits rapidly drop (if
the maximum permissible level is maintained).

C If the electricity prices continue rising rear-
rangement of manufacture is necessary (con-
sumption constraint at peak hours and transfer
of auxiliary production to the night shift or
weekend). Here the profit may become nega-
tive.

Pl Pmax

D Partial suspension of major production, dis-
continuous fall in profit.

E Complete suspension of major production.
Only electric receivers maintaining system
safety and standby mode until a later time span
are at work.

E Corporate bankruptcy.

Zones A-E depicted at the graph represent or-
der of consumption constraint (Fig.2).

Zones C-E are connected with routine loss from
undersupply of energy. Consequently, while
price bidding at short-term market (24 hours
ahead) (day-ahead market) the consumer can
only represent A-B zones with relatively small
range of load variation. The first step of PB
refers to point K, where the transfer to the zone
of technological process change occurs (C). A
pair (cx, P1) corresponds to it. Since zone A
does not experience variation of load consumed
and any increase in price results in decrease in
profit, the desirable option for the consumer is

the trivial bid € - minimum width of the
price step. If the price is zero the bid will defi-
nitely be rejected, so the third step of PB
should be a priori determined by possibility v3
of bid acceptance. If we know the market price
probability-distribution function F(c), then the
price bid of the third step can be calculated
from the formula
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F(C3) =V3 => 3= F_I(V3). 1)

All the consumers are possibly interested in
guaranteed supply of the required load, so their
strategy should manifest itself through inequa-
tion v3; >0,5, Vi . However, as the market

functions, it will inevitably lead to the increase
in the mathematical expectation of market
price, further increase in third-step price, and
transfer to the L point (Fig. 2). So in order to
prevent the increase in electricity price it is es-
sential that a considerable number of consum-
ers would adhere to the PB constraint strategy.

Since the third step involves some consumption
constraint while the first step is restricted by K
point, the second step is entirely determined by
B zone. Suppose that company’s profit for B

zone is characterized as I1(c)=Ily —yc, ¥ >0.

The price step (c2, P») is determined by highest
company’s profit expected at the time frame
(cL, ck). And it should be noted that if the price
bid x is higher than the market price, the bid is
accepted and the company’s profit equals to
II(c), otherwise the bid is rejected and com-
pany makes zero profit. Mathematical expecta-
tion of profit is calculated by the following
formula:

X

M(x)= [ (Mg -ye)f(e)de =TIy [ dF (c)-

‘L ‘L
7 [ ef(e)de =TTy (F(x)=F(cp))- )
‘L
-y '[ cf(c)de.
‘L

By applying the method of step-by-step inte-
gration the last integral can be represented as:

X

j cf(c)dc = cF(c)|§L - j F(c)dc =
cr cr i . 3)
=xF(x)—c;F(cp)— J F(c)dc

95

Orcrona

M=, (F(x)-F(cp))-

I 4)
—y| XF(x)=c F(cy)— | F(e)de |
‘L
At the extremum point
d —
EH =My f(x) =y (F(x)+xf (x) = F(x)) = )

:(HO —}/x)f(x) =0.

Since on the time frame in question the price
vitiation f(x)>0 , the extremum point

Xonr =11/ 7 goes beyond the time frame in

question. The largest extremum corresponds to
the time frame border — the K point. As a result
the second price step of the load has the follow-
ing characteristics (cor=cx;
Pin =B; Py max =P —¢). Since the second

price step goes beyond the zones (A, B) of
permitted load variation, the first price step de-
generates and the price property features two
steps.

The consumer who as a result of elaborate eco-
nomic analysis managed to represent zone B
(for example, as several piecewise linear sites)
gets the opportunity of price bidding in three or
more steps, and every new step is determined
by the salient point of the price property.

The price exceeding the admitted for PB at the
day-ahead market of zones (A, B) of the price
property implies the necessity to switch it off
completely. However, the consumer retains the
opportunity of electricity purchase at the bal-
ancing market where electricity price is nor-
mally higher than at day-ahead market. If the
consumer accepts this possibility, the most sen-
sible decision for them is to follow the strategy
of selecting the first-step value, which is de-
termined by the highest price of the PP. In this
case the first step is very likely to be accepted.
At the same time in accordance with the PP the
economically sensible load for the consumer
should be lower than the one of the first step.
Thus, imbalance of load should be made up at
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the balancing market, and the load constraint
itself is unscheduled and it is characterized by
loss from electricity undersupply. For this re-
search we employed the data of typical load in
eastern regions of Russia. We have analyzed
the consumer base — electricity wholesale mar-
ket players and their average load. The essen-
tial consumers for the region in question are as
follows:

- Energy supply companies (Fig.3. Graph
share of consumers - electricity wholesale
market players) those are the two most big-
gest sectors), which supply electricity at
flexible or fixed prices)

- Large consumers of metallurgic, mining
and construction industries)

For energy supply companies the main tech-
nique of demand response is implementation of
time-of-use rates.

Industrial consumers in consumption planning
are guided by real-time price at day-ahead
market. And now we will study in detail when
consumers would prefer to limit the load in-
stead of buying electricity at peak price.

Fig 3 The consumer base — electricity wholesale
market plavers

The loss from electricity load constraint can be
classified as emergency (unexpected), con-
straints with a day’s notice of the consumers,
and planned (scheduled) [3]. The last two kinds
can occur as a result of damage or unscheduled
blackout of generating units or electric grids in
periods of load reduction of electrical power sys-

tems, while scheduled maintenance of major
equipment to increase its capacity, etc. Specific
loss from constraint is characterized by the fol-
lowing components:

- underproduction and delayed production of
goods with decrease in company’s profits

- underemployment of company’s basic pro-
duction assets, overheads on different kinds
of energy

- idleness and irrational employment of work
force during load constraint

—  reduction of competiveness.

3.2 Consumption constraint properties model-
ing

The consumer’s primary goal at refusal of the
second and third price steps consists in defini-
tion of optimum loading restriction as functions
of the electric power price. Thus the damage to
the consumer from restriction of a power con-
sumption which can be submitted by expres-
sion is determining.

V=y(z)z-cz, (6)

where y(z) is company’s specific loss function
from load constraint, € - mathematical expec-
tation of electricity price.

The optimal load constraint for this price is de-
termined in accordance with minimal loss crite-
rion (6)

Y ) (D2 y(z)-T =0 7
dz

Specific loss call is represented (Fig. 4) by lin-
ear characteristic:

y(@)=az+p (8)
or exponential function
we)=ae” + 5, )

& = z/ Py -- relative depth of load constraint.
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Now we will study in detail the criteria delimi-
tations under which the loss from consumption
constraint depends on the electricity price and
the mathematical representation.

»
»

v

APmaX APmax

a) 0)
Fig. 4. Properties of load constraint
a ) linear; 6) exponential

Let the specific damage is submitted by linear
function, then in the optimum point

c-p
2a
restriction is defined by expression

(€=2)
2a

z . The full damage from loading

onrt —

V=(az+p-¢)z= (a

zﬁﬁ—zﬂgjxg_ﬂl“jz_ﬂf<o,

2 20 da

+,B—E]Z:

i.e. with the positive profit and optimal load
constraint the special loss

V(Zomr ) = zZoyr + B=c—azyyy.  should  be

lower than price.

If with any z>0 y(z)>c, then the trivial
value z,, =0, i.e. the optimal operative con-

sumer strategy is no load constraint. And the
consumer suffers the loss from excessively
high electricity price because they assume that
on the whole this loss will be covered by posi-
tive profit on the nearest time frames, and the
loss Yo(Tomn) from the complete blackout on
the time frame T, (Where y(z ) > c) is higher

than the total loss from the high price.

VoTora)> | (cOB(t)= Ay(®)at, (11)

te TOTI(J'I

where /,;(t) is the company’s profit from
product output in the standard operating mode.

For exponential function the full damage from
loading restriction at the fixed price ¢ is equal

YV =(y(¢)—C)&Ppax - (12)
In a point of the minimal damage

day dYde
- =— = ! —_:0. 13
dz de dz y{e)e+yie)-e (13)

Considering y(&)=ae’” + 8 we recieve
1 -1
Vie)y=aye” . (14)
From here in a point of an extremum

T as)

vV _
y(gOHT) (7/+1)9 (16)
(B-2)r) | c-
y‘fh“( o) WaGgen 7

3.3. Pe3ynbmamul mecmogulx pacuemos

In order to carry out test calculations, the spe-
cific loss was modeled by exponential func-
tion (9), values of parameters «, S,y are ac-
cepted on the data [3] for structure of loading
containing a significant share of industrial con-
sumption. Such structure is characteristic for
large industrial cities of east territory of Russia.

The following values of factors of specific
damage are accepted: o =0,85; £=0,4;y=3.

For ¢<f a share of load constraint
Eonr <0 that means absence of necessity of its

restriction. At ¢ > £ it is necessary to compare
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values of damage and reduction in payments
for electric power at load constraints on size ¢.

On fig. 5 dependences of full damage Y(&) for

different competitive prices ¢ and depths of
load constraint ¢ are resulted, arecas for which
it is expedient to enter restrictions are deter-
mined. At growth ¢ of the characteristic of
damage increases ¢ are displaced aside, defin-

ing the limiting price "P = ¢ + B at which the
unique correct decision for the consumer is its
full switching-off.

V(&) ' ' ' ' 0.2
I Areaof inexpedient y 0.3
load constraint g
0.3
c=q
0,75
1
g 1,25
Area of expedient
load constraint
-1 I 1 I I

o 0z 04 0.6 0.8 £

Puc. 5. Dependences of full damage
V(&) for the various prices ¢ and
depths of load constraint £

IV. CONCLUTION

A day-ahead price bid from the consumer at the
market is less elastic. When the price suddenly
deviates from the expected value, the power
limitation for the consumer is determined by
the properties of loss from load constraint.

A consumer price properties modeling for vari-
ous peak market prices makes it possible to de-
termine the optimal constraint values.

We have demonstrated that under certain con-
ditions it is profitable (in case it is technically
possible) for the consumer to reduce consump-
tion at peak hours, which results in leveling of
the load graph and positive system-wide effect.
Thus the consumer sector is shown to have to
be of a greater regulating power in the electric-
ity spot market operation.
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