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ABSTRACT

Load Management is an usual practice to meet the increasing peak demand of
electricity and is a common practice in Western countries. Implementing daylight
saving Time (DST) is one option of Load Management which shifts the
consumers demand from the peak period to the off-peak period.

Bangladesh has recently started the use of DST as a tool for Load Management
practice. However, it has not yet been evaluated to determine how effective this
practice is in our country. Does it really help use or worsen the already stretched
out electric resources. The objective of the project is to evaluate the
effectiveness of the DST on Bangladesh Power System.

To evaluate the effectiveness of Load Management model will be developed and
the process will evaluated and data will be collected. Using these data a model
will be formed along with some indices in order to quantify the effects.
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CHAPTER|

Introduction

1.1 An Overview

When Bangladesh Government implemented Daylight Saving Time (DST)
mid last year, the main motive citied was that extending the hours of sunlight
later into the day reduces the need for artificial lighting in the evening, and
thereby decreases electricity consumption during the summer months. While
the advancement of time by one hour increases electricity usage in the
morning hours, this effect is outweighed by reduced consumption in the later
hours of the day. In the modern electronic age of life inexpensive and
uninterrupted availability of power is a necessity. With the gradual depletion of
fossil fuel and the rise in fuel prices, there has been insufficient effort towards
saving electricity and making the most of remaining fuel reserves.

Electricity is vital for economic development, but only about 20 percent of
the population has access to it (25 percent of urban population and 10 percent
of rural). Other problems in the power sector include high system losses,
delays in completion of new plants, low plant efficiencies, shortage of natural
gas, erratic power supply, electricity theft, blackouts, etc. These factors
contribute to Bangladesh'’s per capita electricity consumption being among the
lowest in the world at about 110 kWh per person. We require new plants and
fossil fuel the country can barely afford. The availability of gas is already in
decline, and has been predicted to last until about 2011.Although power
generation capacities cannot be increased overnight, energy saving programs
can be initiated to distribute the electricity among more people. Continuity of
electricity would also save our huge investment in generators and UPS
equipment. With the decline of local and global fuel reserves, actions to save
energy and maximize fuel utilization are long overdue for Bangladesh. Such a



program is to have a two-pronged approach. Firstly, there should be
understanding and research among planners of an energy saving program.
Secondly, there should be implementation of the program by policymakers,
taking concrete steps, such as enacting legislation and conducting media
campaigns.

Already the situation is dire. As it is not possible to make a power station in
short run, DST was adopted as a load management tool aiming to shift the
peak load during a day and thereby saving heaps of load shaping. Another
aim was to actually use the sunlight more which would result is actual
measurable save of energy. Both this maybe would not enable us to
eliminate the power shortage, but would ensure less load shaping.

1.2 History of DST

Although not punctual in the modern sense, ancient civilizations adjusted daily
schedules to the sun more flexibly than modern DST does, often dividing
daylight into twelve equal hours regardless of day length, so that each
daylight hour was longer during summer. For example, Roman water clocks
had different scales for different months of the year. at Rome's latitude the
third hour from sunrise, horatertia, started by modern standards at 09:02 solar
time and lasted 44 minutes at the winter solstice, but at the summer solstice it
started at 06:58 and lasted 75 minutes. After ancient times, equal-length civil
hours eventually supplanted unequal, so civil time no longer variesby season.
Unequal hours are still used in a few traditional settings, such as some Mount
Athos monasteries and some Jewish ceremonies.

During his time as an American envoy to France, Benjamin Franklin, author of
the proverb, "Early to bed, and early to rise, makes a man healthy, wealthy
and wise", anonymously published a letter suggesting that Parisians
economize on candles by rising earlier to use morning sunlight. This 1784
satire proposed taxing shutters, rationing candles, and waking the public by
ringing church bells and firing cannons at sunrise. Franklin did not propose
DST; like ancient Rome, 18th-century Europe did not keep precise schedules.



However, this soon changed as rail and communication networks came to
require a standardization of time unknown in Franklin's day.

Modern DST was first proposed by the New Zealand entomologist George
Vernon Hudson, whose shift-work job gave him leisure time to collect insects,
and made him aware of the value of after-hours daylight. In 1895 he
presented a paper to the Wellington Philosophical Society proposing a two-
hour daylight-saving shift, and after considerable interest was expressed in
Christchurch, New Zealand he followed up in an 1898 paper. Many
publications incorrectly credit DST's invention to the prominent English builder
and outdoorsman William Willett, who independently conceived DST in 1905
during a pre-breakfast ride, when he observed with dismay how many
Londoners slept through a large part of a summer day. An avid golfer, he also
disliked cutting short his round at dusk. His solution was to advance the clock
during the summer months, a proposal he published two years later. Willett
lobbied unsuccessfully for the proposal in the UK until his death in 1915.

Starting on 30 April 1916, Germany and its World War | allies were the first to
use DST as a way to conserve coal during wartime. Britain, most of its allies,
and many European neutrals soon followed suit. Russia and a few other
countries waited until the next year and the United States adopted it in 1918.
Since then, the world has seen many enactments, adjustments, and repeals.

1.3 Effect on Energy Use

DST's potential to save energy comes primarily from its effects on residential
lighting, which consumes about 3.5% of electricity in the U.S. and Canada.
Delaying the nominal time of sunset and sunrise reduces the use of artificial
light in the evening and increases it in the morning. As Franklin's 1784 satire
pointed out, lighting costs are reduced if the evening reduction outweighs the
morning increase, as in high-latitude summer when most people wake up well
after sunrise. An early goal of DST was to reduce evening usage of
incandescent lighting, formerly a primary use of electricity. Although energy
conservation remains an important goal, energy usage patterns have greatly



changed since then, and recent research is limited and reports contradictory
results. Electricity use is greatly affected by geography, climate, and
economics, making it hard to generalize from single studies.

The U.S. Dept. of Transportation (DOT) concluded in 1975 that DST might
reduce the country's electricity usage by 1% during March and April, but the
(NBS) reviewed the DOT study in 1976 and found no significant savings.

In 2000 when parts of Australia began DST in late winter, overall electricity
consumption did not decrease, but the morning peak load and prices
increased.

In Western Australia during summer 2006-07, DST increased electricity
consumption during hotter days and decreased it during cooler days, with
consumption rising 0.6% overall.

Although a 2007 study estimated that introducing DST to Japan would reduce
household lighting energy consumption, a 2007 simulation estimated that DST
would increase overall energy use in Osaka residences by 0.13%, with a
0.02% decrease due to less lighting more than outweighed by a 0.15%
increase due to extra cooling; neither study examined non-residential energy
use. DST's effect on lighting energy use is noticeable mainly in residences.

A 2007 study found that the earlier start to DST that year had little or no effect

on electricity consumption in California.

A 2007 study estimated that winter daylight saving would prevent a 2%
increase in average daily electricity consumption in Great Britain. This paper

was revised in October 2009.

A 2008 study examined billing data in Indiana before and after it adopted DST
in 2006, and concluded that DST increased overall residential electricity
consumption by 1%, due mostly to extra afternoon cooling and due also to
extra morning heating; the main increases came in the fall. The overall annual
cost of DST to Indiana households was estimated to be $9 million, with an
additional $1.7-5.5 million for social costs due to increased pollution.



The U.S. Dept. of Energy (DOE) concluded in a 2008 report that the 2007
U.S. extension of DST saved 0.5% of electricity usage during the extended
period. This report analyzed only the extension, not the full eight months of
daylight saving, and did not examine the use of heating fuels.

Several studies have suggested that DST increases motor fuel consumption.
The 2008 DOE report found no significant increase in motor gasoline
consumption due to the 2007 U.S. extension of DST.

1.4 Background on DST in Bangladesh

To try and combat the immense deficit in the ability to meet the demand of the
country, our government decided to implement Daylight Saving Time (DST).

Main aim of this shift in clock hour is to
e ensure that the peak demand of electricity does not occur in the
evening, rather distribute it to other times of the day
¢ Reduce the energy requirement of the country, but using more sunlight
and less of filament/florescent light

Daylight Saving Time (DST) was implemented on 19" June 2009at midnight
and ended in 31% December 2009. Note that in USA and EU; DST starts from
mid/end of March each year and ends on end of October/beginning of
November. In several press releases during and after DST implementation, it
is claimed that we were saving up to 200 MW a day!

But the interesting questions are still unanswered:
¢ Did DST actually save any energy?
¢ Did the in orthodox timing for implantation of DST was fruitful in any
way?
o If DST did save 200MW of energy each day, why was it abound and
later this year?



CHAPTER I

Project Overview
2.1 Objective

Objective of this project is to answer the questions that still remain a

mystery to most of us:
e Did DST actually save any energy?

e Did the in orthodox timing for implantation of DST was fruitful in any
way?

o If DST did save 200MW of energy each day, why was it abound and
later this year?

What we wish to achieve is to analyze quantitatively, the effect of DST in
our lives.

2.2 Limitations

Since we started our work, we found that there are several that we have to
overcome and in most cases, the work around needs to be followed. Let us
look at the limitations that we are able to identify:

Load shading data is never 100% accurate: Our grid is designed in such a
way, that at the time of designing, load shading factors were not included. So
at most times, when we do load shading, we can only guess how much load is
being shaded. However, it is merely a guess and although it is said that these
values can be considered as a fair guess, these are still not accurate data and
may have adverse effect in our work.

It is not possible to predict a demand: we all know that human beings have

the luxury of free will. As such it is near impossible to predict ones behavior.



Let's take an example. Say on 1% August, 2009, we are have DST and Person
A wakes up at 6 AM (non-DST time) and turns on light, gets ready and goes
to office. Normally, if DST was not implemented, he would have got off bed at
7 AM, and thereby would not need light. However, can we really say with

confidence that if the later was the case, would person A really wake up at 7
AM and not 6AM?

Another reason for not being able to have accurate prediction is weather. Now

weather itself is unpredictable. As such, we cannot predict its effect on load
curve.

Growth in Cumulative Energy Demand: every year, we will see that
demand for energy increases. Bangladesh being a developing country has a
higher rate of growth than an already developed country. Identifying this
embedded growth is indeed an issue, especially when considering that
demand for energy is itself unpredictable

Due to so many variables, we need to find a better solution than to just
process data to find a solution to our problem.



CHAPTER Il

Methodology
3.1 Methodology

To overcome our limitation we have to analysis the data in every possible
way so as to eliminate any error in our findings. Hence we have decided to
study DST effect in several ways which are mentioned below.

3.2 Required data

To effectively understand effect of DST, we need the following data:

Load Curve for Calendar Year 2009 and Calendar2008: this we need to
find out what the load was like on those days. Note that to quantify our report,
we need these data on day to day basis and at half-an-hourly basis.

Load Shaping Data: to know how much energy was shaded, we need these
information. This information, when added to the load curve will give the
actual demand that was present on a particular day.

As already mentioned, we cannot have accurate data on load shaping due to
our system limitation. So we will carry out a survey to identify user pattern.
This will be discussed in later section 3.3

3.3 Analyzing data

The objective of DST is to use more day light instead of using the light
produced by electricity. Therefore, the effect of DST is mainly during evening
and morning hours; that is around the sunset and sunrise time. The effect is
mainly on (1) energy consumption and (2) peak demand. This effect may be
quantified by evaluating the degenerative energy consumption and generation
capacity saving due to peak load reduction during evening and morning



hours. The degenerative energy consumption may be evaluated by evaluating
the difference between the energy consumed at any time after the
implementation of DST and the probable energy consumption at that time if
DST were not implemented. That is, the expected energy saving may be

expressed as,

E(ES)= [ DG(t)dt )
Where,
E(ES) = Expected energy saving due to the implementation of LM
scheme DST.

To= Starting time when the effect of DST could occur

T = The limiting time when the effect of DST reduces to zero

(negligible).

The degenerative consumption at a time, DG (t), may be expressed in terms

of the difference in energy consumption as
DG(t) = PD(t)— AD(t) )
Where,

PD(t) = the Probable demand at time t if DST were not implemented.
AD(t) = Actual Demand at time t after the implementation of DST.

Therefore, equation (1) may be written by expressing the morning and

evening effects separately as,

E(ES) = " DG(ydt + [* DG(t) 3)



Where,
Tgg = Starting time in the evening when the effect of LM shift could

occur.
Thl = Time at which the effect of DST reduces to zero.

Tma = Time when the morning activities start before sunrise.
Tgr= Limiting time in the morning when the effect of DST reduces to

zero during the morning hours.

3.4 Determining Probable Demand

When we started our work, our initial plan to calculate the Probable demand
was via the following model:

PD(t) = ) EnergyDemand™® + " EmbededGrowth™**"”
Where,

(4)

EmbeddedGrowth=")_ EnergyDemand”"*"” +>" EmbededGrowth’"*"* 5)

Here the Embedded Growth was to be determined using the data of June
2009 and 2008. However, it soon proved to be an unwise model as we
realized that the growth factor for the month of June do not apply for months
from September to December where the climate has changed and so does
the load pattern.

Hence we had to derive a new model which overcame this problem. In order
to forecast the demand, the loads of 1998 till 2009 and the demands of 2007
and 2008 are used. The demand at any time is calculated by adding load
shedding amount with the actual load supplied at the time. However, the
amount of load shading was not available from 1998 till 2006, hence the loads
of this period are inflated by a factor K(t), where K(t) of any time t is
determined by taking the ratio between the summation of demands and the
summation of loads of 2007 and 2008 at time t. A polynomial of degree 6 is
used in the forecast through extrapolation.
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e PD(I) =% f{ [K(L98(t)5 L99(t) """ LOG(r)]iDO'I’DOS} (6)

Where,
L =Load ; D = Demand

K(f) = DOT +‘D08
I‘GT = Los

The forecasted results are validated through actual demands of the months of
2009 during where DST is not implemented.

Table 1 presents the forecasted and the actual demand of a few morning and
evening hours of June 15th, 2009, a randomly selected date, along with the
corresponding deviations. The deviation of morning hours is a bit higher than
those of evening hours. The observed maximum deviation in the forecasted
values is 3.4%.

TABLEI

DEVIATION OF THE FORECASTED DEMAND FROM THE ACTUAL

; Demand (MW) S L
T Forecasted Actual Beviaton (%)
4 AM 3376 3495 3.40 %
5 AM 3256 3169 2.75 %
6 AM 2972 3069 3.16 %
7 AM 3093 3125 1.02 %
5 PM 3032 3580 1.34 %
6 PM 3618 3580 1.06 %
7 PM 4333 4360 0.62 %
8 PM 4580 4650 1.51 %
9 PM 4553 4585 0.70 %




3.4 Capacitive Saving

The capacity saving may be evaluated by evaluating the reduction of the peak
demand due to the implementation of DST scheme. That is,

E (CS) = Min {CRMj; i=12...N (7)

Where,
E(CS) = Expected capacity saving due to DST.
CRMi = Expected difference during maximum generation capacity

requirement for the ith day.
N = Number of days in a year during which DST is implemented.

CRM; may be expressed in terms of peak demands of ith day with and without

implementing DST. That is,

CRMj=K(PPDj- APD)) (8)
Where,
PPDi = Probable Peak Demand of the ith day if DST were not
implemented.
APDi = Actual Peak Demand of the ith day after the implementation of
DST.

K= Factor inflating Peak to determine the required generation capacity
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CHAPTER IV

Progress

4.1 Our Progress

So far we have collected all relevant data for our thesis work. We have
collected these data from Bangladesh Power Development Board (BPDB),
National Load Dispatch Center (NLDC) and Power Grid Company of
Bangladesh (PGCB)

Our work has regarding initial data analysis and also determined the
difference in energy consumption.

4.2 Basic Data

To evaluate the effect of DST on the energy consumption and peak load
reduction of BPS, its hourly load of last 12 years are collected from the
National Load Dispatch Center (NLDC). BPS is unable to meet its
monotonically increasing demand and LM through load shedding scheme is
its common practice. Load shedding data of all 12 years is not available, only
load shedding of last 3 years, 2007 to 2009, and are collected for the study.

Before the investigation into the effect of DST, the data is analyzed. The
increase in the peak load over the last 12 years is depicted in Fig. 1. The
increment is expressed in percentage of the annual peak of 1998. The
average increase of peak load in a year is around 210MW. The annual peak
occurs usually during August to September at around 7PM. The figure shows
that growth is 72% over the last 12 years.
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Fig.1 Growth of annual Peak

The DST scheme is implemented from June 19th to December 31st, 2009.
Over this period the monthly energy sheds of last 3 years are presented in
Fig. 2. The figure shows that the energy shedding is higher during June to
August and starts to decrease in September. The minimum amount of energy
shed is in December. The highest amount of load shed during this period is
10.8% of the supplied energy.

—— 2009 | |
——2008 | |
=t 2007

June July August September October November December

Fig. 2 Monthly Load Shaping Trend from 2007-2009

4.3 Effect of DST Scheme on Peak Load

The DST scheme implementation period of BPS is only June 19th till
December 31st, 2009. The monthly average peak demands of this period of
2009 along with their occurrence time are compared in Table 1 with those of
2008. Note that the DST is not implemented in 2008. The table clearly shows
that the average peak of each month of 2009 is higher than that of 2008 and
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the time of occurrence is shifted by an hour. That is if time shift through DST
is ignored, the peak occurrence time of both the years is same. There is no
significant impact due to DST, on the time of use of electricity during evening
hours.

TABLEII
COMPARISON OF MONTHLY AVERAGE PEAK AFFECTED BY DST SCHEME WITH THAT OF
WITHOUT DST SCHEME

YR June July Aug | Sept. Oct. Nov. Dec.
Peak |2009 | 4489 4514 | 4666 | 4676 4734 4369 | 4094
(MW) | 2008 | 4184 4285 | 4334 | 4331 4080 4059 | 3788
2009 8PM-9PM 7PM-8PM
2008 7PM-8PM 6PM-7PM

Time

4.4 Effect of DST Scheme on Energy Consumption

The difference of the forecasted and the actual demand of different
evening hours during DST implementation period is depicted in Fig. 3. The
deference of morning hours is depicted in Fig. 4. The depicted values in Fig. 3
and Fig. 4 are the average values over a month. It is observed from these two
figures that there is no significant demand reduction due to implementation of
DST scheme except for 7PM of June to August. There is also slight demand
reduction at 6PM during September to December and 6 to 8 AM of December.

05 s R B R S M S
400
200 |-
0
-200
-400
-600

.800 et i e "
June July August September October November December

e 6P M
—a—7PM

—a—8PM

—9PM

Deference between forecasted and
actual Demand (MW)

Fig. 3 Impact of DST scheme on Demand of evening hours
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Fig. 4 Impact of DST scheme on Demand of morning hours
A more comprehensive view can be portrait by Figure 5.
... 5AM  6AM 7AM B8AM 9AM ... ceeeeen.. 4PM 5PM 6PM 7PM 8PM  9PM ....

June

Jult

August

September
October ;

November

December

- Consumtion Reduced
- Consumtion increased

I:l No significant change
Fig. 5 Hour by hour analysis of the effect of DST

The monthly energy consumption deference between consumption with
and without DST scheme implantation for morning and evening hours and
also the cumulative value of morning and evening hours are represented in
Table 3. The last column of this table presents the monthly energy
consumption difference in percentage of the actual consumption. In this case,
the evening hour is considered to span from 5PM to 11PM and the span of
morning hours is considered to be from 4AM to 9AM. The table clearly shows
that only during the evening period of June and July and the morning period of
December there is a saving in energy consumption. However, the sum of the
energy consumption during the morning and evening periods of each month
shows clear increase of 576 GWhr in the energy consumption, instead of
decrease. This increment is much higher than that of the percentage deviation
of the forecasted demand observed in Table Ill.
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TABLE III
ENERGY CONSUMPTION DIFFERENCE BETWEEN THE FORECASTED AND ACTUAL ONES

Energy Consumption Difference (GWhr)
Month Morning Evening | Total %
June (11 days) o] -6 27 5.9 %
July 72 -4 68 5.3 %
August 57 10 67 9.1 %
September 72 34 106 8.4 %
October 69 85 154 12.1 %
November 67 48 115 10.8 %
December 4 35 39 4.0 %
Total Energy Difference | 576 7.5 %

4.5 Effect of DST Scheme on Capacitive Saving

To evaluate the generation capacity saving, the difference between the
peak of forecasted and actual demand of each day is determined. The
minimum difference in peak demand of each month is presented in Table IV.
This table also presents the minimum difference of all months of the DST
implementation period.

TABLE IV
CRM TREND DURING THE DST IMPLEMENTED MONTHS
Month Peak Generation
Capacity Saving (MW)

June (11 days) -304
July -377
August -457 Saving
September -592 over the
October -691 DST
November -574 period
December -347 -691

The table clearly shows that instead of capacity saving, there is an
additional capacity requirement of 691 MW during the DST period.



CHAPTER IV

Future Work

4.1 Stability Test

So far we have collected all relevant data for our thesis work. We have
collected these data from Bangladesh Power Development Board (BPDB),
National Load Dispatch Center (NLDC) and Power Grid Company of Bangladesh
(PGCB).Our work has regarding initial data analysis and also determined the
difference in energy consumption. We will calculate using the Recursive and
Segmentation methods for the evaluation of reliability index, LOLP, for a single
area system are illustrated through. Since segmentation method is conceptually
straight forward and computationally simple. We will be determining the
production cost and LOLP for single area system.

Loss of load probability (LOLP)=probability { available capacity < load }
= P{GAa<L}

Here, Ga= Availability of generation
L = Demand
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Effect of Daylight Saving Time on Bangladesh

Power System
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Abstract—Load Management (LM) is an alternative to meet the
increasing peak demand of electricity. The Daylight Saving Time
(DST) is one of the options of LM. The implementation of DST is
a common practice in many developed countries. Bangladesh
Power System (BPS) has recently implemented DST to reduce its
unmanageable increasing demand. However, the effectiveness of
this option of LM has not yet been evaluated. This paper
develops a technique to quantify the effect of DST on a power
system. The paper also presents the application of the technique
in BPS.

Keywords— Load management, day light saving time, forecasted
demand, load shedding and generation capacity saving

I. INTRODUCTION

When Bangladesh Government implemented DST on June
19, 2009, the main motive citied was that extending the hours
of sunlight later into the day reduces the need for artificial
lighting in the evening, and thereby decreases electricity
consumption during the summer months [1]. While the
advancement of time by one hour increases electricity usage in
the morning hours, this effect should be outweighed by
reduced consumption in the later hours of the day.

The potential of DST to save energy comes primarily from
its effects on residential lighting. Delaying the nominal time
of sunset and sunrise, reduces the use of artificial light in the
evening and increases it in the morning. Although energy
conservation remains an important goal, energy usage patterns
have greatly changed since then, and recent research is limited
and reports contradictory results. Electricity use is greatly
affected by geography, climate, and economics, making it
hard to generalize ([2]-[10]).

This paper develops a technique to quantify the effects of
DST on a power system in terms of energy saving and
additional generation capacity requirement. The technique
identifies the time zones of the day during which the impacts
of DST are significant. It compares the electricity use and
generation capacity requirement with and without DST
implemented system. The technique utilizes the simple load
forecasting method. The proposed technique is applied to BPS
to evaluate the effectiveness of DST option of LM for BPS.

II. METHODOLOGY

The objective of DST is to use more day light instead of
using the light produced by electricity. Therefore, the effect of
DST is mainly during evening and morning hours; that is
around the sunset and sunrise time. The effect is mainly on (1)
energy consumption and (2) peak demand. This effect may be
quantified by evaluating the degenerative energy consumption
and generation capacity saving due to peak load reduction
during evening and morning hours. The degenerative energy
consumption may be evaluated by evaluating the difference

" On sabbatical leave from BUET

implementation of DST and the probable energy consumption
at that time if DST were not implemented. That is, the
expected energy saving may be expressed as,
7;
E(ES)= [ DG()dt (0
Where,
E(ES) = Expected energy saving due to the implementation of

LM scheme DST.
T, = Starting time when the effect of DST could occur

T, = The limiting time when the effect of DST reduces to zero
(negligible).

The degenerative consumption at a time, DG (t), may be
expressed in terms of the difference in energy consumption as,

DG(t)= PD(t)= AD(t) 2)
Where,
PD(t) = The probable demand at time t if DST were not
implemented.

AD(t) = Actual demand at time t after the implementation of
DST.

Equation (1) may be written by expressing the morning
and evening effects separately as,

E(ES) = L’:DG(:)d: + _[:: DG(t)dt A

Where,
Tgs = Starting time in the evening when the effect of LM shift

could occur.
T,,; = Time at which the effect of DST reduces to zero.
Tpa= Time when the morning activities start before sunrise.
Tg = Limiting time in the morning when the effect of DST
reduces to zero during the morning hours.

The capacity saving may be evaluated by evaluating the
reduction of the peak demand due to the implementation of
DST scheme. That is,

E(CS)=Min{CRM,} i=12.n 4)
Where,
E(CS) = Expected capacity saving due to DST.
CRM; = Expected difference during maximum generation

capacity requirement for the ith day.
n=Number of days in a year during which DST is
implemented.

CRM; may be expressed in terms of peak demands of ith
day with and without implementing DST. That is,

CRM, = K(PPD, — APD,) (5)



Where,

PPD; = Probable Peak Demand of the ith day if DST were not
implemented.

APD; = Actual Peak Demand of the ith day after the

implementation of DST.
K= Factor inflating peak to determine the required generation
capacity

II1. BASIC DATA

To evaluate the effect of DST on the energy consumption
and peak load reduction of BPS, its hourly load of last 12
years are collected from the National Load Dispatch Center
(NLDC). BPS is unable to meet its monotonically increasing
demand and LM through load shedding scheme is its common
practice. Load shedding data of all 12 years is not available,
only load shedding of last 3 years, 2007 to 2009, and are
collected for the study.

A. Data Analysis

Before the investigation into the effect of DST, the data is
analyzed. The increase in the peak load over the last 12 years
is depicted in Fig. 1. The increment is expressed in percentage
of the annual peak of 1998. The average increase of peak load
in a year is around 260MW. The annual peak occurs usually
during August to September at around 7PM. The figure shows
that growth is 72% over the last 12 years.
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The DST scheme is implemented from June 19" to
December 31%, 2009. Over this period the monthly energy
sheds of last 3 years are presented in Fig. 2. The figure shows
that the energy shedding is higher during June to August and
starts to decrease in September. The minimum amount of
energy shed is in December. The highest amount of load shed
during this period is 10.8% of the supplied energy.
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Fig. 2 Monthly Load Shedding of the last 3 years

IV. EFFECT OF DST SCHEME

The DST scheme implementation period of BPS is only
June 19" till December 31%, 2009. The monthly average peak
demands of this period of 2009 along with their occurrence
time are compared in Table I with those of 2008. Note that the
DST is not implemented in 2008. The table clearly shows that
the average peak of each month of 2009 is higher than that of
2008 and the time of occurrence is shifted by an hour. That is
if time shift through DST is ignored, the peak occurrence time
of both the years is same. That is, there is no significant
impact due to DST, on the time of use of electricity during
evening hours.

TABLE 1
COMPARISON OF MONTHLY AVERAGE PEAK AFFECTED BY DST SCHEME WITH
THAT OF WITHOUT DST SCHEME

Peak (MW) Time of Occurrence
Month 2008 2009 2008 2009
June 4184 4489
July 4285 4514
August 4334 4666 8-9PM 7-8PM
September 4331 4676
October 4080 4734
November 4059 4369
December | 3788 7 el Wiia

A. Energy Saving

To evaluate the amount of energy saving due to DST
scheme, the probable hourly demand of June to December of
2009 during which DST is implemented, is forecasted first.

In order to forecast the demand, the loads of 1998 till 2009
and the demands of 2007 and 2008 are used. The demand at
any time is calculated by adding load shedding amount with
the actual load supplied at the time. However, the amount of
load shading was not available from 1998 till 2006, hence the
loads of this period are inflated by a factor K1), where K1) of
any time t is determined by taking the ratio between the
summation of demands and the summation of loads of 2007
and 2008 at time t. A polynomial of degree 6 is used in the
forecast. The forecasted results are validated through actual
demands of the months of 2009 during where DST is not
implemented.

Table II presents the forecasted and the actual demand of a
few morning and evening hours of June 15%, 2009, a
randomly selected date, along with the corresponding
deviations. The deviation of morning hours is a bit higher than
those of evening hours. The observed maximum deviation in
the forecasted values is 3.4%.

TABLE 11

DEVIATION OF THE FORECASTED DEMAND FROM THE ACTUAL

Time Demand (MW) Deviation
Forecasted Actual (%)

4AM 3376 3495 3.40 %
5AM 3256 3169 2.75%
6AM 2972 3069 3.16%
TAM 3093 3125 1.02 %
5PM 3532 3580 1.34 %
6PM 3618 3580 1.06 %
7PM 4333 4360 0.62 %
8PM 4580 4650 1.51 %
9PM 4553 4585 0.70 %




The difference of the forecasted and the actual demand of
different evening hours during DST implementation period are
depicted in Fig. 3. The deference of morning hours is depicted
in Fig. 4. The depicted values in Fig. 3 and Fig. 4 are the
average values over a month. It is observed from these two
figures that there is no significant demand reduction due to
implementation of DST scheme except for 7PM of June to
August. There is also slight demand reduction at 6PM during
September to December and 6 to 8 AM of December.
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Fig. 4 Impact of DST scheme on Demand of morning hours

The monthly energy consumption deference between
consumption with and without DST scheme implantation for
morning and evening hours and also the cumulative value of
morning and evening hours are represented in Table III. The
last column of this table presents the monthly energy
consumption difference in percentage of the actual
consumption. In this case, the evening hour is considered to
span from 5PM to 11PM and the span of morning hours is
considered to be from 4AM to 9AM. The table clearly shows
that only during the evening period of June and July and the
morning period of December there is a saving in energy
consumption. However, the sum of the energy consumption
during the morning and evening periods of each month shows
clear increase of 576 GWhr in the energy consumption,
instead of decrease.

TABLE Il
ENERGY CONSUMPTION DIFFERENCE BETWEEN THE FORECASTED AND
ACTUAL ONES

Energy Consumption Difference (GWhr)

Month Morning | Evening | Total %
June (11 days) 33 -6 27 5.9%
July 72 -4 68 53%
August 57 10 67 5.1%
September 72 34 106 8.4 %
October 69 85 154 12.1 %
November 67 48 115 10.8 %
December 4 35 39 4.0 %
Total Energy Difference 576 7.5 %

This increment is much higher than that of the percentage
deviation of the forecasted demand observed in Table II.

B. Capacitive Saving

To evaluate the generation capacity saving, the difference
between the peak of forecasted and actual demand of each day
is determined. The minimum difference in peak demand of
each month is presented in Table IV. This table also presents
the minimum difference of all months of the DST
implementation period.

TABLE IV
CRM TREND DURING THE DST IMPLEMENTED MONTHS
Month Peak Generation
Capacity Saving (MW)
June (11 days) -304
July -377
| August -457 Saving
September -592 over the
October -691 DST
November -574 period
December -347 -691

The table clearly shows that instead of capacity saving,
there is an additional capacity requirement of 691 MW during
the DST period.

V. CONCLUSIONS

The implementation of DST option of LM derives benefit
in terms of energy consumption and capacity savings through
wider use of sunlight instead of artificial light produced by
electricity. The implementation of DST in BPS fails to
achieve its objective. Study shows a decrease in energy
consumption during the evening hours for a few months.
However, the total energy consumption over the entire DST
implementation period is increased. Similar is the case for the
generation capacity requirement.
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