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Abstract— A novel multi-objective optimal short-term
power terminate planning in a multi-zone power system was
presented. Both dissatisfaction degree of dwellers and
economic loss were considered in this model. At first, the
dissatisfaction degree function of residents was constructed;
secondly, each single-objective deterministic model was
solved so that its objective value was got along with the results
of unit commitment and power dispatch, then the power
terminate distribution strategy of peak load shifting control
was analyzed and the power terminate time of peak load
shifting control was selected. Finally, the multi-objective
programming problem was reformulated into weighted
nonlinear single objective programming problem so as to get
the optimal power terminate distribution of each zone. The
numerical results demonstrate that the scheme obtained from
the multi-objective model can meet functions better than that
obtained from the single-objective deterministic model with
slight variation in the every single-objective. This method of
decision making is significant for sustainable development
strategy and the multi-factor justice of power distribution for
peak load shifting control planning.

1. INTRODUCTION

With the rapid development of economics, the global
nature of energy crisis began large-scale outbreak
[1-3], in particular, many developing countries facing
energy shortages. In China most provinces in eastern and
central zones appeared the phenomena of power scarcity
since 2003[4]. To alleviate the intense situation of power
scarcity, State Grid Company had increased extensively
generating capacity. However, the electric power
consumption is far more than power quantity provided by
having developed foundation buildings. So these results in
increasing power scarcity in every zone of China. Although
peak load shifting had been employed by using economic
and political methods to alleviate this predicament [5], it is
necessary to limit the quantity of power consumed in
sectional zones at peak time-interval considering the safety
of power line. For some developed zones in the south of
China, power-off protection is practiced even in two third
of whole working days [6]. It is very practical and
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meaningful to adjust the quantity of power limiting
scientifically and reasonably in each zone according to the
rules of power limiting and safety for the purpose of
obtaining the combination of the most power line security
and the least economic loss. But the researches of the
power terminate distribution in peak load shifting control
are at the initial stage, and the international research papers
of this area are almost blank.

On decision of peak load shifting control distribution,
not only limiting power criterion, power line situation,
engineering programming and benefit but also the problems
of zone population, society, economics, ecological
condition are considered[7-9]. In the power limiting
distribution zone of peak load shifting control, except for
superior class of power supply, i.e. some departments
which are not admitted to be powered off in common
condition such as hospital, underground mine, transmission,
aviation, railway etc., the zone is classified two types:
industrial zone and residential zone. Industrial zone
power-off may bring economic losses which are considered
to be proportional linearly to power-off time span. Resident
zone power-off may result in dissatisfaction of different
degree, which is about proportional linearly to power-off
time span and connected with power-off time interval,
power-off time zone and air temperature. Therefore, power
limiting distribution belongs to nonlinear multi-objective
decision problem [10-15].

In the remainder of the paper, we begin with the
modeling of residents’ dissatisfaction degree, and then
offer the multi-objective model of the power terminate
distribution in multi-zone peak load shifting control.
Subsequently, by the analysis of the power terminate
distribution strategy and the selection of the power
terminate time of peak load shifting control, we get the
optimal power terminate distribution of each zone. Finally,
we conclude the paper with a discussion of the results and
future work.

II. MODELING OF RESIDENTS’ DISSATISFACTION DEGREE

Influence factors of residents’ dissatisfaction degree,
which origins in controlling process of limited power
capacity distribution of peak load shifting in industrial and
resident areas, include each power- off time span,
power-off time interval and temperature at present. In order
to decrease the model solving difficulty which is attributed
to rather complicated dissatisfaction function and make
decision rapidly and scientifically, explicit function of
dissatisfaction degree is constructed from the view of main
dissatisfaction factors.

It has been found that the relationship between resident
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dissatisfaction degree and power-off time span can be
described by S function under constant temperature
condition. With the power-off time span increases, the
resident” dissatisfaction degree increases gradually. In
residents’ noncentralized power consumption span,
residents’ dissatisfaction degree increases slowly with the
increasing power-off time span, while in the centralized
power consumption span, residents’ dissatisfaction degree
increases sharply with the increasing power-off time span.
The centralized power consumption span and
noncentralized power consumption span are listed as
following:

Centralized power consumption span:
18:00—22:00

Noncentralized power consumption span: 00:00—6:00;
8:00—18:00; 22:00—00:00

Furthermore, average temperature in a day can also
influence the residents’ dissatisfaction degree during
power-off time span. For example, if the average
temperature in the summer is lower than 28, the
temperature has little change on the residents’
dissatisfaction degree. However, if the temperature is
higher than 28, the residents’ dissatisfaction degree will
increase significantly with the increasing power-off time
span.

According to the discussion above, the residents’
dissatisfaction degree, D(7,T), as a function of power-off in
the summer is determined by

6:00—8:00;

/ )
D(t,T)=<1/ (I+axe * ) T>28C (1)
{1/(1 +axe?) T<28C

where, a, b and c¢ are constants, which are gained by
fitting, ¢ is the power-off length, and T is the average
temperature in a day. In the current model, the average
temperature can be set according measurement results,a
constant w is given by

T-28

— T>28C
0=1"0g @)
1 T<28C
In both of the residents’ noncentralized power

consumption span and centralized power consumption span,
according to four cases of power-off time span, the
residents’ dissatisfaction degree of power-off can be
expressed as four different formulas:
1) Both the start time and end time of power-off are in the
noncentralized power consumption span,
D(t)=1/(1+a,xe ) 3)
2) Both the start time and end time of power-off are in the
centralized power consumption span,
D(t)=1/(1+a, xe %)) “)
3) The start time of power-off is in the noncentralized
power consumption span, while the end time of power-off
is in the centralized power consumption span,

D)= 1/(1+a xe™ ) ¢ <t<t,
1/(1+a,xe™ ™)) ¢ <t<t,
where [7,,4,] is noncentralized power consumption

®)

span, [tl,tz] is centralized power consumption span.

4) The start time of power-off is in the centralized power

consumption span, while the end time of power-off is in the
noncentralized power consumption span,

D) = {1/(1 +a,xe ™) <r<y,

1/(1+a,xe ™) ¢ <t<t,
where [f,,z,] is centralized power consumption

(6)

span, [t] ,tz] is noncentralized power consumption span..

III. MULTI-OBJECTIVE PEAK LOAD SHIFTING CONTROL
MODEL OF MULTI-ZONE LIMITING POWER

The model based on minimal economic losses and
minimal residents’ dissatisfaction value of power-off is:

T m
min f; =min Y. Y L(#)-1,, (7
t=1 i=1
T m
min f, =min » ' 2 D,(1)-1,, ®)
t=1 i=1
s.t. Bmin < Px’,t < meax (9)
2B SB(+Ry) (10)
i=1
(thlrr _T;min—nn) 2 O (1 1)
v =Ty =0 (12)
@™ =V 20 (13)
Object function (7) regards companies’ minimal

economic losses in peak load shifting control of power-off
as object. Where L;(#) is the ith zones’ economic losses of
power-off ¢ time, which is approximated linear function to
the power-off time #; T is trading planning periodic time. In
this paper, T is 24 time-interval. /,; is the state of ith
consumption zone. If /, =1, it means ith zone is powered off
at ¢ time, while if /,;=0, it means regular operation of ith
zone at ¢ time (non power-off); m is the number of power
zones in peak load shifting control.

Object function (8) regards residents’ minimal
dissatisfaction value in peak load shifting control of
power-off as object. Where Dyt) is the ith zone’s
dissatisfaction degree at ¢ time power-off. Concrete
constitution of dissatisfaction degree function can be seen
in section 2, /; is the ith zone’s total population. D;(?)
multiply 4; denotes dissatisfaction value.

Constraint (9) is the zone’s restriction of power
consumption, Py, Pine are respectively minimal power
restriction and maximal power restriction of ith zone.

Constraint (10) is the safety constraint of total load of
consumption power system. Where J, ; is the ith zones’ state.
If 7,,=0, it means ith zone is powered off at ¢ time, while if
[,;=1, it means regular operation of ith branch at  time (non
power-off), that is /,; +J,,=1; P is the total predicted load
[16-19] of consumption power system, Ry is the positive
percentage reserve.

Constraint (11) is minimal power supply time constraint
of each zone. V*",;is sustained time of power supply at time
interval ¢ of the ith zone; T™""", is minimal power supply
time.

Constraint (12) and (13) are respectively minimal
power-off time and maximum power-off time constraint of
each zone. V,; is sustained time of power-off at time
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interval ¢ for the ith zone; T""%, and 1", are
respectively minimal power-off time and maximum
power-off time.

IV. THE STRATEGY OF POWER LIMITING DISTRIBUTION
BASED ON PEAK LOAD SHIFTING CONTROL

Total load of power must meet the safety condition
according to constraint (10) in preceding section. In
practical operation of power line, the principal factor is
power system safety. So if the sum of predicted power load
in all zones exceeds the maximal safe load (see (14)), in
order to protect power system operation regularly, it must
be some zones to power-off.

>.P,>P,(1+R)) (14)
i=1

To simplify the problem we choose m power supply zone,
and regard industrial zones and residential zones as an
integer in each zone. According to the degree of total
predicted load exceeding maximal power load, the problem
can be classified as four cases:

1) The sum of predicted power load which exceeds the
maximal safe load is more than the relative larger value
among each zone (see (15)). It is that, in such time interval
if only powering off only one zone (suppose power load in
this zone is larger than that in each other zone), however the
safety load condition can’t be met in this power system. In
order to protect the power system safety, in this time
interval, there must two zones to be powered-off at least.

(15)

In practice the difference between power generation and
power consumption can’t reach such wide gap, so the case
may regard as boundary.

2) The sum of predicted power load which exceeds the
maximal safe load is more than the relative minimum value
among each zone, but less than the relative maximal value
among each zone (see (16)). It is that, in such time interval
if only powering off one zone (suppose power load in this
zone is less than that in each other zone), however the
safety load condition can’t be met in this power system. In
order to protect the power system safety, in this time
interval the zones which load capacity is more than the least
one need to be powered off.

> P,-P,(1+R,)>max{P,}
i=1

>.P,-P,(1+R,)>min{P,}
o (16)
> P,-P,(1+R,)>max{P,}

i=1

3) The sum of predicted power load which exceeds the
maximal safe load is less than the relative minimum value
among each zone, (see (17)). It is that powering off any one
zone can meet the safety load condition in power system. In
order to protect the power system safety, in this time
interval any zone may be powered off.

(17

In the practice this case is common. For this case we
research the limiting power decision of peak load shifting
control and give attention to economic losses and social

0<> P, ~P,(I+R,)<min{P,}
i=1

benefits (the former cases can’t get the decision of
power-off).

4) The sum of predicted power load does not exceed the
maximal safe load (see (18)). In this case safety load
condition can be met which needn’t power-off.

> P, +> P, —P,(1+R,)<0 (18)
i=1 i=1

V. TIME INTERVAL SELECTION OF POWER-OFF
DISTRIBUTION IN PEAK LOAD SHIFTING CONTROL

How to distribute the proportion of each zone reasonably
is the key of choosing optimizing strategies of peak load
shifting control in constant power-off time span. Obviously
in distribution of peak load shifting both enterprise
economic losses and residential dissatisfaction value are the
two focus factors to be considered. In the condition of local
power load exceeding guarantee load, if ensuring minimal
residential dissatisfaction value, we should take possible
measures as far as to power off the zones which population
are less than the others; while if ensuring minimal
enterprise economic losses, we should take possible
measures as far as to power off the zones which economic
losses are less than the others in peak load shifting control.

The residential dissatisfaction value related to whether
the power-off time is in the residential concentrated
consumption time span besides population and power-off
length. So avoiding power-off in the residential
concentrated consumption time span is rational, which can
decrease the residential dissatisfaction value effectively. If
at the situation we must powered off at the zones that
residential concentrated consumption time span, we should
take the measures to rotate all zones, which can also
decrease the all dissatisfaction value.

When adjust the distribution power, we need pay
attention to some constrains of minimal power-on time,
minimal power-off time and maximum power-off time. Do
not random switch the state of power-on and power-off in
short time.

Before distribution power-off of peak load shifting
control, firstly we need calculate each time-interval total
predicted load of each zones and the summation of the
whole system. Then comparing total predicted power load
to maximal safety load of power line in each time-interval,
then we need choose the power-off decision according to
four cases in the former section.

Finally, we can list some power-off schemes accord with
the power terminating optimal strategy based on the
conditions of predicted power load. Then we choose the
optimal scheme that has least enterprise economic losses
and residential dissatisfaction value. Because of the
emphasis point of these two factors are different, we can
adjust weights in accordance with the formula (19) and
ultimately achieve optimal power-off strategy of the power
system we research.

W=of+of (19)

When =1, @,=0, It is aimed to select the scheme of
least power-off economic losses take no account of
residential dissatisfaction value;

(@ +a@, =1)
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When w,=0, w,=1, It is aimed to select the scheme of
least residential dissatisfaction value take no account of
power-off economic losses;

When @,=0.5, w,=0.5, It is aimed to select the scheme of
least W which take account of power-off economic losses
and residential dissatisfaction value as the same weight.

VI. EXAMPLE ANALYSIS

We choose Shenyang power system in Province
Liaoning of China, which includes six power zones. The
unit of load is MW, T""°"'=12 hour, """, =1 hour,
T"f=) hour, Pp=202MW, Ry=5%. The intraday
temperature is 7=30"C.

The curve of figure 6 and figure 7 are respectively of
each zone’s and summation’s time-interval predicted
power load at August 5, 2006. Upper limit of guarantee
load is P,,=Pp(I+R)=212.1 MW.

Figure 7 shows: after reaching the valley value of the
predicted load in 3:00-5:00, the predicted curve value
increase along with the temperature, and the peak value be
reached at 20:00-21:00. The summation predicted load
exceeds upper limit of guarantee load at 9:00-11:00 and
18:00-22:00. In the two time-intervals and six hours of total
time, to ensure power line safety we need make power-off
decisions on some of the six zones.

80

707
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50

P/MW

40f

307

0 5 10 15 20 25
t/h
Fig. 6 The curve of each time-interval of predicted power load in each
six zones at August 5, 2006

240

230p

220¢

1 L L I I
600 5 10 15 20 25
t/h
Fig. 7 The curve of each time-interval load of summation predicted

power load at August 5, 2006

The sum of total predicted power load in 9:00-10:00 is
213.2MW, which exceeds the maximal safe load 1.1MW. It
can meet the power system safety if anyone of the six zones
is powered-off.

The sum of total predicted power load in 10:00-11:00 is
219.2MW, which exceeds the maximal safe load 7.1MW. It
can meet the power system safety if anyone of the six zones
is powered-off.

The sum of total predicted power load in 18:00-19:00 is
215.1MW, which exceeds the maximal safe load 4.0MW. It
can meet the power system safety if anyone of the six zones
is powered-off.

The sum of total predicted power load in 19:00-20:00 is
220.5MW, which exceeds the maximal safe load 8. 4MW. It
can meet the power system safety if anyone of the six zones
is powered-off.

The sum of total predicted power load in 20:00-21:00 is
233.8MW, which exceeds the maximal safe load 21.7MW.
It can meet the power system safety if anyone of the other 5
zones except the zone 4(the predicted power load of zone 4
is 19.9 <21.7) is powered-off.

The sum of total predicted power load in 21:00-22:00 is
225.8MW, which exceeds the maximal safe load 13.7MW.
It can meet the power system safety if anyone of the six
zones is powered-off.

Economic losses of ith zone assume approximate linear
function and set L; dollars per hour.

L@)=Lt (%)
The residential dissatisfaction degree function is:

1

m (where t is in the residential
+ /e

D(t) = nonconcentrated time-interval )

- 1

03—M (where t is in the residential
+3e

concentrated time-interval )
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The population of ith zone is A; and the economic losses
per hour of ith zone is L;, just like table 1.

THE POPULATION AND THE Ecorfé\h]/?ILCEIfOSSES PER HOUR OF EACH ZONE
Zone Population(10*) Economic losses(10*$)
Zone 1 56.4 28.7
Zone 2 23.1 8.2
Zone 3 89.1 34.6
Zone 4 10.6 9.5
Zone 5 26.2 10.4
Zone 6 335 9.1

Table I shows that the regional population and economic
losses of zones 1 and 3 are far more than the other four zones’
average level. Therefore in order to optimize the overall
power system, it must avoid these two zones to be
powered-off. According to the economic loss, the priority of
power-off is 2-6-4-5; According to the district population, the
priority of power-off is 4-2-5-6.

We can find the entire feasible power-off scheme (listed in
Table II) based on the restriction of power system
(T""°"=12(hours), ™", =1(hour), T"“?=2(hours), and
power-off in zone 4 can not meet power system safety during
20:00-21:00).

In some special fixed time interval (example 9:00-11:00 or
18:00-22:00), the economic losses and residents’
dissatisfaction degree are have relationship only on time
length but not the power-off order. So, there are some
different options for the power-off schemes, which their
economic losses and residents’ dissatisfaction degree are the

same value. For example, in accordance with the six
time-domains in the order we choose power-off program
2-2-5-5-6-6, with another power-off program 2-2-6-6-5-5.
These two programs are exactly the same. Furthermore, such
as 2-5-4-4-6-6 and 5-2-6-6-4-4; or 4-4-6-5-5-2, 4-4-5-5-2-6,
4-4-2-5-5-6, 4-4-5-5-6-2, 4-4-2-6-5-5 and 4-4-6-2-5-5. These
eight power-off schemes are exactly the same effect. Thereby
when we prepared to choose different power-off programs,
we should classify the same effect choice as a type of options
for analysis.

We select the optimal power-off program according the
formulation (19). Here we let w,=0.5, ,=0.5, It is aimed to
select the scheme of least W which take account of power-off
economic losses and residential dissatisfaction value as the
same weight. Suppose W as the optimization power-off
scheme, let W=W%*(as shown in Table II).

TABLE II
THE LIST OF FEASIBLE POWER-OFF SCHEME AS WELL AS THE ECONOMIC
LOSSES AND THE RESIDENTIAL DISSATISFACTION VALUE OF POWER SYSTEM

ower-of

9 10 18 19 20 21 L D w*
1 2 2 4 4 5 5 562  38.0 47.1
2 2 2 5 5 6 6 554 543 549
3 2 2 4 4 6 6 536 432 484
4 2 2 4 5 6 6 545 449 497
5 2 2 4 4 5 6 549 343 446
6 2 2 4 5 5 6 55.8 415 487
7 2 4 5 5 6 6 56.7 46.7 517
8 2 5 4 4 6 6 558 375 467
9 2 6 4 4 5 5 57.1 332 452
10 4 4 2 2 5 5 562 405 484
11 4 4 2 2 6 6 53.6 457 497
12 4 4 5 5 6 6 580 479 530
13 4 4 2 5 6 6 558 41.6 487
14 4 4 2 2 5 6 549  36.8 459
15 4 4 2 5 5 6 57.1 382 477
16 4 5 2 2 6 6 545 448 497
17 4 6 2 2 5 5 558 40.6 482
18 5 5 2 2 6 6 554 5377 545
19 5 5 4 4 2 2 562 374 455
20 5 5 4 4 6 6 580 448 514
21 5 5 2 4 6 6 56.7 457 512
22 5 5 4 4 2 6 57.1 35.1 46.1
23 5 5 2 2 6 4 558 409 484
24 5 6 4 4 2 2 549 314 432
25 6 6 4 4 2 2 536 412 474
26 6 6 4 4 5 5 58.0 434 507
27 6 6 2 2 5 5 554 523 539
28 6 6 2 4 5 5 56.7 443 505
29 6 6 4 4 2 5 558 371 46.5
30 6 6 2 2 5 4 545 428 487

From the Table II we can see that if only considering the
least economic losses when powered-off, the third program,
eleventh program and twenty-fifth program are all meet the
requirement, among these three programs the residents’
dissatisfaction value of the twenty-fifth program has the
smallest value.

If only considering the least residents’ dissatisfaction value,
the twenty-fourth program is the optimal power-off scheme.

If considering both the residents’ dissatisfaction value and
economic losses are least, the twenty-fourth program is also
the optimal power-off scheme.

The former analysis has not powered-off in zone 1 and
region 3. Assuming these two zones to take into account the
power-off strategy, in accordance with the sequence of
1-2-3-4-5-6 power-off program, it can calculate that L=100.5,
D=49.8, the residents’ dissatisfaction value and economic
losses are all more than the twenty-fourth power-off program
we got former. Thus it is verified to be the correct assumption
that avoiding these two zones to be powered-off.
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Fig. 8 The curve of each time-interval of predicted power load in each
six zones at August 5, 2006 after adopting the twenty-fourth power-off
program
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Fig. 9 The curve of each time-interval load of summation predicted
power load at August 5, 2006 after adopting the twenty-fourth power-off
program

The curves of figure 8 and figure 9 are respectively of each
zone’s and summation’s time-interval predicted power load at
August 5, 2006 after adopting the twenty-fourth power-off
program.

VII. CONCLUSION

A new model of short term power-off is presented based on
peak load shifting control in the case of predicted power load
exceeding the maximal safety load of power system, which
consider residential dissatisfaction value and economic losses
of power-off at same time. The new comprehensive model
can be better to dispose the multi-object multi-zone optimal
problem of power-off distribution using peak load shifting
control.

Simulation result shows that when considering
multi-factors power-off distribution, we should possibly
avoid power-off at residential concentrated consumption
power and rotate each zone to power-off under the restriction
of minimal power-on time, minimal power-off time and
maximum power-off time, which can also decrease the
residential dissatisfaction value and reach the optimal result

lastly.

In this paper we regard industrial zones and residential
zones as one zone when analyzing the power-off schemas. In
practical power-off distribution, we should consider the
industrial zones and residential zones as different. Take
account of the difference of load capacity and economic
losses of power-off in multi-zone, the construction of
multi-object and multi-zone optimal fuzzy planning model is
the succeeding work.
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