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Summary: Smart grid technologies give opportunities to customers and utilities to manage power system, make
decisions on energy consumption and load demand time, so as to control the expenses. These possibilities are used
through application of various Demand Sde Management (DSM) techniques. DSV techniques are based on
improvement of the load factor and load curve, whereas lowering the expenses. It can be done by using various
optimization tools. In this paper are applied load shifting and peak clipping methods, so as MS Excel Solver as an
optimization tool. The problem of a daily load curve in the case of some controllable loads is solved. This method
may be applied to various practical cases.
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1. INTRODUCTION

Demand Side Management (DSM) is one of the fundémharmp-to-date solutions to manage
electricity consumption in the developing worldin$ufficient electricity capacity, increasing fuel
costs and problems of environmental polution. DSbVles measures to reduce consumption and
expenses. In order to apply various DSM options strategies, analytical and optimization tools
are used. This also requires detailed informatlmsutdynamics of electricity consumption, system
functioning and planning, understanding on peakidoand their variations due to environmental
factors. Energy demand side management includegti@ast made by end-users to modify their
consumption in a best possible way for both utiéibhd the customers, but this does not necessarily
lead to decrease in the total energy consumpti@mdhd Side Management is made through
implementation of activities in order to produce thesired daily, monthly or seasonal load curves
[2, 4].



For utilities, DSM means avoiding or delaying theeed to invest in new capacities, improving the
power quality, ensuring efficient generation, trarssion and distribution of energy [7]. For the

residential customer, it means reduced bills akoh¢ggadvantage of the financial incentive provided
by utility company. For commercial and industriabtomers, it means lower costs included in their
products price, making them more competitive onrttagket. DSM gives the customer a new role
and freedom in shifting the demands to off-peakigolsr to reduce the electricity bill, whereas

providing lower costs per kWh to the utility.

The main DSM techniques are valley filing, loadftig, peak clipping, load building and energy
conservation programs [6]. Such programs are @iffefrom one utility to another, as they depend
on number of customers, load type (commercial, stril or residential), benefit from that
program, level of customer’s reaction or satistattwith the applied program, etc. However,
benefits from applying are on both sides of custsna@d utility, so that such activities have grown
over the past decades. Many utilities are implemgridSM programs and other are considering it
in planning processes.

After the introduction, different DSM technique® g@resented and governing equations in Section
2. In Section 3 the objective functions and caists are given, together with the defined

optimization problem. In Section 4, two practicablplems are defined and analyzed using MS
Excel Solver and, based on this, the conclusioag&en.

2.IMPLEMENTATION OF DEMAND SIDE MANAGEMENT TECHNIQUES

DSM techniques may be implemented by utilities tigtodirect or indirect load control. In the case
of direct load control, utility can modify load patn by switching-off the power supply to specific
category of customers at chosen time interval&rospecified types of electric loads. In the cake
indirect control, the utility may use some speamdthods as loads time schedule, thermal energy
storage, efficient end-use technologies, tariftesysand electrification technologiéSigurel).
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Peak Valkey Load Energy Lowd
clippg filing shifting conservation building

Figure 1. Scheme of Load Shape Objectives

Valley filling (Figure 2) is one possible DSM methapplied in order to change load curves so to
obtain grater load factors in predefined time maggin such a way the utility may increase its
profit, whereas it decreases the costs per kWhnefgy. Greater demand in off-peak hours is
achieved by encouraging end-customer to spend gmatig paying lower tariffs, or to change time

schedule of the load demand distribution over e @his is possible if some controllable devices
may operate in different time intervals during ttey and the chosen time interval is not relevant to
the customer, e.g. for a residential or industtaasumer these might be boilers or storage heaters.
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Figure 2. Valley Filling Technique

Load shifting (Figure 3) is the best solution fréime point of view of utility companies. With this
DSM technique the part of demand is shifted fromakpeéo off-peak hours. Customers are
encouraged for this by cheaper tariff in off-peakits.
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Figure 3. Load Shifting Technique

Peak clipping (Figure 4) is also aimed at decrgpsie demand during peak hours, especially if the
installed capacity is not enough to cover the pdskand. This is very important in the developing
countries and if there is the problem with invesiteefor the new installations and generation
capacities.
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Figure 4. Peak Clipping Technique

Energy conservation (Figure 5) is also very impdria power systems and, nowadays, there are
many novelties announced in this field. If it isjuéed to decrease the overall energy consumption,
it may be achieved by using more efficient deviaed appliances, which is very important at the

global level.
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Figure 5. Energy Conservation Technique
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Increasing the overall energy consumption (Figyres @useful if some utility has surplus capacity
or available energy to sell with lower costs pertkWhis load building technique is achieved with
the encouragement of consumers to spend eleceitalgy where needed for the operation of
power system. There are examples of power utilitiech gave customers storage heaters as great
loads where this was desirable to maintain the pewstem capacities in the area.
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Figure 6. Load Building Technique
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3. OBJECTIVE FUNCTIONS AND OPTIMIZATION PROBLEM

For all of the five mentioned DSM techniques, sambgective functions, either maximum of the
load factor for the utility, defined by (1) or (2)r minimum of the total cost for the customers,
defined by (3), are optimized using the correspogdionstraints for that technique.

The objective functions are defined as the follagyvin

o= B5R000  t0 Br ®

i=1 j=1 i=1

J J
|:|:Z Rm(] )-(0) :|/Zt(1):l/R0t(k) (2)

= =

i=1 j=1 i=1 j=1

{ii 0.0 ki) Ceq, J):|+|:ii )Cd(i,j):| 3

for LF,,, —the maximum load factor value,
Pi.;) — power demand of the load typat the time intervgl, fori = 1,...,N,andj =1,....J,

N — the total number of load types,
J — the totahumber of time intervals,

Pu(j — the total demand power for all types of loadserej denotes time interval number,

k — time interval of the maximum demand of all Iagplesi =1,...,N, over all intervalsj =1,...,J,
C — the total cost of the electrical demand andgneonsumption,

C,i;,— the cost of energy for load typat the time interval numbgr

Caq.;) — the cost of demand for load tyipat the time interval number

The imposed constraints depend on the chosen D&Mitpie, on the particular load specifications
and the power system [1]. For the valley fillingheaique (Figure 7), the effect is obtained by
building loads in off-peak periods.
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Figure 7. Load Curve Before and After Applied Valley
Filling Technique

Either (1) or (2) is optimized by applying equaldynstraint:
Pewi.iy = Poag.iy» Ot O{t.t}, (4)

n

and inequality constraints:

I:>r1ew(i,j) 2 I%Id(i,j)! [t D{tO'tk} D{th1-|-tot}! (5)
I:>new(i,j) = I:3/::1Iue! Dt D{tO'tk} D {thiTtot}! (6)

for Pnew(i,j) —the demand of load typeat time intervaj after applying DSM technique,
thd(i’j) — the demand of load typeat time intervaj before applying DSM technique,

R,a,ue - the limiting value given by the planner of thestem.
k is the time interval at which the total demandbioad typesR,, ,, is of the maximum value, so
that

Rt >Ptot(j)Dj =1...,J;] #Kk, (7)
J

and the sum of all time intervalsTg, = >t .
j=1

In the load shifting techniqu@=igure 8) there is no change of the total enemysamption, but
there is a decrease in peak demand.

P A
R{lhl? B
- Pfll—!si'
. = By
- = H{iiue

T

Figure 8. Load Curve Before and After Applied Load
Shifting Technique
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Egs. (2) and (3) are optimized by applying equaldggstraints:

N J N J
Zzpne:v(i,nt(n :ZZPoldo,j)t(J» (8)
i=1 j=1 i=1 j=1
Pevi,i) = Rawer BtO{te i}, 9
and inequality constraints:
Pnew(i,j) 2 Pold(i,j)!Dt O{ty, t} O{t, T hs (10)
I:31ew(i,j) < I:3/alue’ s D{tO’tk} D{th’Ttot}' (11)

For the peak clipping technique, the effect is otidun of load demand during peak period from
to t,, and reduction of the total energy consumptionaufit (Figure 9).
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Figure 9. Load curve before and after applied peak
clipping technique

Eq. (2) is optimized by applying equality consttain

Pewi.iy = Poag.jy» Ut O{to,t 3 O{t,, T

(12)
and inequality constraints:
Pewi. i) S Paerr  DtO{t,t}, (13)
Pewi.i) 2 Rawezr  DEO{t L) (14)

I:3/ajue2 = I:3/ajuel’ (15)

for P 1 and P, the limiting values given by the planner of powgstem.

For the energy conservation technique, the pealaddrand total energy consumption are reduced
over the whole period of interest (as given in Fegil0).
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Eq. (3) is optimized, as it is representing theimum cost of the electrical demand and energy
consumption, by applying inequality constraint:

P H S Pold(i,j)’ Ot Oty Te- (16)

new(i,

In the load building techniquéFigure 11) the effect is that peak demand andl tetergy
consumption are increased over the whole periodntdrest. Eq. (3) is optimized, as it is
representing the maximum revenue, by applying iaktyuconstraint:

Pewii) 2 Puagy, CtO{ty, Tk (17)
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Figure 10. Load curve before and after applied energy
conservation technique
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Figure 11. Load curve before and after applied load
building technique

4. PRACTICAL EXAMPLESAND OPTIMAL SOLUTIONS

For a given daily load curve in Figure 12, the dedhB 4 is presented in the second column of
Table 1. The old time schedule should be changdgeie are any controllable loads, so to obtain an
optimum load curvé®,., (given also in Figure 12) and determine the nemetschedule. Suppose
there are some controllable loads such as threxdriebd boilers having®>=20kW, which have to
work for four hours continuously in order to acleethe desired temperature. They may be turned
on at any time and turned off four hours latertrepossibility to change their demand time should
be exploited.

After applying load shifting and peak clipping teajues, the new load curve and load time
schedule as given in Table 1 are obtained by USaiger. It is the MS Excel based tool (Figure 13)
for solving optimization problems. The objectivenétion is written in the target cell, and
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constraints and variables in the changing cellsuRe of the optimization are given in Figure 14
and in Table 1.

The maximum value from the old daily load curveRs,, =120kw and the minimum value is
P.noa = 20kW. Their ratio value isP, ../ P...q = 6.After applying two of the DSM techniques, the
obtained limiting values are_, ., =80kw and P .. =40kw,as may be also noticed from Figure
15, so that the ratio value % ../ Pyinen = 2
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Figure 12. Old Daily Load Curve Py qand New Daily Load Curve Pprey
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Figure 13. MS Excel Solver Tool
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Table 1. Loads Time Schedule Before and After the Applied DSV Techniques

. Load 1 Load 2 Load 2 Load 1 Load 2 Load 3
e e Ford demand time | demand time | demantitime | demand time | demand time| _demand time P
1 20 0 0 0 1 0 0 40
2 40 0 0 0 1 0 0 60
3 40 0 0 0 1 0 0 60
4 40 0 0 0 0 1 0 60
5 40 0 0 0 0 1 0 60
6 40 0 0 0 0 1 0 60
7 50 0 0 0 0 1 0 70
8 60 0 0 0 0 0 0 60
9 70 0 0 0 0 0 0 70
10 60 0 0 0 0 0 0 60
11 50 0 0 0 0 0 1 70
12 50 0 0 0 0 0 1 70
13 40 0 0 0 0 0 1 60
14 40 0 0 0 0 0 1 60
15 80 1 0 0 0 0 0 60
16 100 1 1 0 0 0 0 60
17 120 1 1 0 0 0 0 80
18 100 1 1 0 0 0 0 60
19 100 0 1 1 0 0 0 60
20 90 0 0 1 0 0 0 70
21 80 0 0 1 0 0 0 60
22 70 0 0 1 0 0 0 50
23 50 0 0 0 0 0 0 50
24 20 0 0 0 1 0 0 40
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Figure 15. Load Shifting and Peak Clipping DSM Techniques Applied

J
In Table 2 are given the results for some importg@rameters, p, _Z oty I Dt
; =

P.. LF =P, /P, , and savings per year in percentages, after tpieedd®SM technlques.

max’

Table 2. Some Important Parameters Before and After the Applied DSV Techniques

Parameter Before Applied DSM Techniques  After ApplDSM Techniques
Prmax [KW] 120 80
Energy per year [kWh/year] 529250 529250
Pay [KW] 60,4167 60,4167
LF=Pa/Pmax 0,5035 0,7552
Demand CostE 10512 7008
Energy Cost/YeatE 81239,875 81239,875
Cost/YearLE 91751,875 88247,875
Cost/MonthLE 7645,9896 7353,9896
End-user savings per year % - 3,818995

Other optimization tools may be also used, suchlld§&O [5], which is an optimization modeling
software for linear, nonlinear and integer prograngnsuitable for this kind of problems solving.

If among the rest of the loads still exist othentrollable loads, e.g. four storage heaters having
P=5kW, which have to work for four hours continuousty order to store the desired thermal
energy, further optimal solution for the time sahledcould be found. If the heaters may be turned
on at any time and turned off four hours laterfgnably during night hours having lower tariff, the
possibility to change their demand time should kelated. The optimal solution would be the
following, as presented in Tables 3 and 4.

In Table 3 are given the results fer = Z ot /Zt LF =P, /P, =08631 and further

M’ max’

savings per year are obtained after the applled I]lfnibﬂnlques.
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Table 3. Some Important Parameters Before and After the Applied DSV Techniques

Parameter Before Applied DSM Techniques After AppIDSM
Techniques
Prax [KW] 80 70
Energy per year [kWh/year] 529250 529250
Pay [KW] 60,4167 60,4167
LF=Pav/Prax 0,7552 0,8631
Table 4. Loads Time Schedule Before and After the Applied DSV Techniques
Load | Load | Load | Load | Load | Load | Load | Load
4 5 6 7 4 5 6 7
_Time = old old old old new new new new | p
interval old new
deman| deman| deman| deman| deman| deman| deman| deman
dtime | dtime | dtime | dtime | dtime | dtime | dtime | dtime
1 40 0 0 0 0 0 0 1 1 50
2 60 0 0 0 0 0 0 0 0 60
3 60 0 0 0 0 0 0 0 0 60
4 60 0 0 0 0 0 0 0 0 60
5 60 0 0 0 0 0 0 0 0 60
6 60 0 0 0 0 0 0 0 0 60
7 70 0 0 1 1 0 1 0 0 65
8 60 0 0 1 1 0 1 0 0 55
9 70 0 0 1 1 0 1 1 0 70
10 60 0 0 1 1 0 1 1 0 60
11 70 0 0 0 0 0 0 1 0 65
12 70 0 0 0 0 0 0 1 0 65
13 60 0 0 0 0 0 0 0 0 60
14 60 0 0 0 0 0 0 0 0 60
15 60 0 0 0 0 0 0 0 0 60
16 60 0 0 0 0 0 0 0 0 60
17 80 1 1 0 0 0 0 0 0 70
18 60 1 1 0 0 0 0 0 0 50
19 60 1 1 0 0 0 0 0 0 50
20 70 1 1 0 0 0 0 0 0 60
21 60 0 0 0 0 0 0 0 0 60
22 50 0 0 0 0 0 0 1 1 60
23 50 0 0 0 0 0 0 1 1 60
24 40 0 0 0 0 0 0 1 1 50
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After applying load shifting and peak clipping teajues, the new load curve and load time
schedule as given in Table Ill are obtained. Theimam value from the old daily load curve is
P =80kw and the minimum value i®,_ . =40kw.Their ratio value wasP__ ./ 2

maxold minold maxold

After applying two of the DSM techniques, the ob&al limiting values are,_, ., =70kw and
P =50kw,so that the ratio value i /P =14. Load factor is improved, so that

minnew maxnew minnew

LF =P, /P, =08631, and the load curve waveshape is optimized.

minold

5. CONCLUSION

DSM techniques, such as valley filling, load shidti peak clipping, energy conservation and load
building, are described in this paper, so as ogtton procedures for minimizing energy costs and
maximizing load factor, thus improving load curvesveshapes and power quality. The
corresponding objective functions and constraiotghfese DSM techniques are also presented.

Optimization is done in this paper for two simpbeses, but the same procedure may be used for
complex power system cases. Savings per year gepi&ges may be much greater, depending on
power system specifications, number, type, corabdity and demand of the loads. This is proved
by two examples. MS Excel Solver tool is used torojze the load curves for the given examples.
For this case, load shifting and peak clipping teghes are used, so that load factor is increased f
50% after the first optimization procedure and thather after the second optimization procedure
for 14%, so that is increased in total for abo70

The aims of DSM programs are fulfilled through theiplementation and further improvements of
the procedure with including various constraints.
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