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Message from Sh A S Bakshi, Member, CERC

Indian power sector is witnessing significant changes in policy and
regulatory framework with the expected large scale Renewable Energy
(RE) resources envisaged by 2022. The challenges in grid integration of
the 175 GW RE coupled with load growth on account of the mission of
providing electricity access to all need to be overcome. The Indian
electricity grid, which is one of the world's largest, has to operate in a
reliable manner round the clock.
Impact of demand changes in the electricity grid is much more than that of conventional
generation or RE generation. Hence an analysis of demand data based on historical values is
important as it gives an insight into the behaviour of consumers as well as indicates long term
trends. I am happy to note that POSOCO has brought out an exhaustive, well analyzed
publication. The earlier report on 'Load factor' had been well received and this report on
'Demand Analysis' would surely be well received by the stakeholders. Big data analytics is
the key to extracting wisdom out of data and this publication would go a long way in this
regard.
This analysis would however have to be co-related with socio economic and other
demographic trends which can be done by researchers, academicians and consultants. I look
forward to similar such endeavours by POSOCO.

Message from Ms Jyoti Arora Joint Secretary (Transmission)

Indian Power System is witnessing a period of exponential growth
and it is the opportune time for new ideas and research in the sector
to take shape and map out trajectory for future growth. Technology
has made it possible to record huge amounts of data; analysing and
interpreting these are a huge responsibility. Big-Data is emerging as
a powerful tool in planning. This report represents the great strides
made by POSOCO in terms of utilising past eight year data
available with RLDCs and NLDC and analysing them to draw
conclusion and make meaningful inferences about the trends and direction in Indian
Power System. I am extremely happy to see this effort that innovatively utilises the data
to give new perspectives and insights into the present Power System Profile.
Reports such as these will help us further in our understanding of trends and help us
discern patterns in the Power System, thereby, giving us a macro view and helping plan
for the future accordingly. It would enable optimum utilisation of resources. I hope that
this report is taken forward through similar analysis at the intra state level.

Message from Shri Jagdishbhai I. Patel, Chairman R&D Committee
Independent Director, POSOCO
Indian power system is witnessing drastic changes with India’s
commitment to 175 GW of renewable energy installed capacity by 2022.
This is leading to major developments not only in planning and operation
side but also in policy making and regulatory side. A lot of investment in
research and capacity building is required to achieve this target. New tools
and technologies are to be explored to foster research in this area. Agencies
involved in the electricity sector have the first and foremost responsibility
to inculcate the culture of research and development in their organisation to get answers to
the challenges faced in the sector. POSOCO’s effort to regularly come out with reports on the
topics related to electricity sector is a step in this direction.
The basic objective of any electricity grid is to serve demand. Therefore the understanding of
electricity demand pattern is essential to make correct decisions at each level. This report
aims to provide insights towards diurnal, seasonal and yearly pattern of electricity demand.
This report has takeaway for all stakeholders, such as policy makers, regulators, planners,
market players, utilities and system operators. I am happy to see this effort - the first of its
kind, to analyse and understand pattern of electricity demand and behaviour. Hopefully, this
report is first of many that will help us in further research and innovation in the sector and
gain better understanding of the present scenario.

Acknowledgement
The bulk electric power system in India is growing exponentially and the Indian Power
Grid since 31st December 2013 is one of the largest synchronous grids in the world.
Today we are at the crossroads. Two events are happening simultaneously. First the
country is experiencing high growth rate in the Gross Domestic Product (GDP), 24*7
power supply is a thrust area and power shortages are expected to be a thing of the past.
This coupled with an increase in standard of living would have a significant impact on the
load curve in the coming years. Secondly, there is a thrust on Renewable Energy (RE)
integration with 175 GW capacity by 2022. Such high levels of RE penetration calls for
improved RE forecasts in the coming year.
This report is an attempt to look at the first aspect viz. load curves through analysis of
time series data archived at National Load Despatch Centre (NLDC) since 2008. The
focus is on the trends and seasonality in the maximum, minimum and average demand
met of all the states and regions.
On behalf of the team, I would like to thank all concerned for the support and guidance in
preparation of this report. The team would also like to acknowledge the inspiration
provided by Joint Secretary (Transmission), Ministry of Power, Ms Jyoti Arora in
harnessing useful information from the big archive of data available with POSOCO. The
team also acknowledges the valuable guidance and constant motivation provided by Shri
J. I. Patel, Head, R&D Committee, POSOCO during the preparation of this report. The
team would also like to thank Shri S. D. Dubey, Chairperson, CEA and Shri A. S. Bakshi,
Member CERC for peer reviewing this report and providing valuable feedback to make
this report more informative.

Executive Summary
Power Sector is a key infrastructure facilitating the overall socio-economic progress of the
country. The Indian electricity grid is one of the largest synchronous power system networks
in the world. It has an installed generating capacity of about 307 GW as on 31.10.2016.
State, Regional and National Load Despatch Centres (SLDCs, RLDCs and NLDC), as
mandated by the Electricity Act 2003, carry out the supervision and control of Indian
electricity grid. The decision of system operators in SLDCs, RLDCs and NLDC greatly
depends on the visualization and situational awareness through data or information available
in real time through the Supervisory Control and Data Acquisition System (SCADA), Energy
Management System (EMS) as well as the Wide Area Measurement System (WAMS).
Real-time data is being stored at different levels of load despatch centres. NLDC, at the
national level, has been archiving the real-time data since 2008. A report on “Electricity
Demand Pattern Analysis” has been prepared in order to extract wisdom from the statistical
analysis of eight (8) years’ time-series data.
This report aims to provide insights towards diurnal, seasonal and yearly pattern of electricity
demand. This report also attempts to look at the load curves through analysis of time series
data. This report provides useful information on demand pattern, decomposition of demand
data into seasonal and trends etc at an all India level, each of the five (5) regions and thirty
four (34) states/UTs. This information will be helpful in generation, transmission and
distribution planning by the central and state level power system planning agencies. It also
provides useful insight into socio-economic aspect of a particular UT/state/ region.
Big data analytics presented in this report give a deep insight into the past patterns and
provide a basis for future projections. Therefore, the data presented in the report is also a
valuable input for research by the academia and the industry along with the various
stakeholders.
Compilation of report used more than 38 million (total number) data samples as a whole,
about fifty (50) different types of graphs and a total of one thousand and sixty five (1065)
graphs. This report is compiled in two volumes. Volume-I covers the analysis of demand met
patterns of the five regions and the country as a whole. Volume-II contains thirty four (34)
sub-volumes one for each of the states and union territories of India.
Similar exercise replicated at the intra state level would provide a sound basis for planning at
the intra state level for various infrastructure projects.
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1.0 Introduction
By definition, electrical demand is the rate at which electrical power is being consumed over
a given time interval by all the defined loads of a well-defined area. For all the practical
purposes, demand is measured in megawatts (MW).

1.1. Load Curve
A plot showing the variation in demand met with respect to time is known as the load curve.
If this curve is plotted over a period of time for 24 hours, it is known as daily load curve
(Figure 1). If it is plotted for a week, month or a year it is named as weekly, monthly and
yearly load curve respectively. The load curve reflects the activity of a population of society
with respect to electrical power consumption over a given period of time.

Evening Peak

GW->

Morning Peak

Day Lean

Night Lean

Figure 1: Typical All India Load Curve

A typical load curve may be demarcated by four cardinal points:
1.
2.
3.
4.

Night Lean
Morning Peak
Day Lean or Afternoon trough
Evening Peak

These four cardinals exists in load curve, however, shapes/width/magnitude may vary state to
state and depends upon the customer types (i.e. domestic, agricultural, commercial and
industrial), atmospheric temperature and seasons. States where weather dependent loads are
more predominant play important role in making the shape of load curve and varies during
the summer and winter seasons. The load curve pattern can be changed / managed by human
interventions by demand management measures which essentially chip the peaks and fill the
valleys of load curve.

Those who have knowledge, don't predict. Those who predict, don't have knowledge ‐ Lao Tzu
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1.2. Load Duration Curve
A load duration curve is a curve between load and time or percentage of time sorted by high
load hours to low load hours. The load duration curve is an important tool to do analysis of
planning of generation capacity expansion to meet load. Considering the load duration curve
shown below, some plants will run to meet load almost constantly (C = base-load), others
will run about half the time (B = mid-load) and others will run only in the highest load hours
(A = peakers).

Figure 2: Load duration curve [18].

The problem of capacity expansion planning to build peakers, mid load and base load is an
optimisation problem which depends on the number of hours these plants are required to
operate and fixed & variable cost of these power plants. After solving this optimisation
problem based on the load duration curve, a state can find unserved demand in peak hours,
peaker, mid load and base load capacity to be built.

2.0 Key Energy Trends
2.1. Growth in All India Demand met
India has been responsible for almost 10% of the increase in global energy demand since
2000 [17]. Energy demand in this period has almost doubled, pushing the country’s share in
global energy demand up to 5.7% in 2013 from 4.4% in 2000. This is further being fuelled by
rapid transformation of metropolitan cities. The increase in all India electrical energy
consumption since 2008 can be viewed from the following figure 3.

Figure 3: Growth in All India Energy consumption since 2008

I have seen the future and it is very much like the present, only longer ‐ Kehlog Albran
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2.2. Growth in the installed capacity of generation
The utility sector in India has an installed capacity of 307 GW as on 31st October’2016. In
2013 it was the world’s third largest producer of electricity with a global share of 4.8%
surpassing even Japan and Russia [17]. The increase in demand has constantly catalysed the
overall increase in the generation capacity.
If fuel wise generation capacity is considered, thermal power projects account for an almost
70% of the total installed capacity and showed the highest annual growth rate of 11.66% in
the year 2013-14. Hydro power projects amounts to 14.03% of the total installed capacity
[15].

2.3. Growth in per-capita consumption
While the electricity demand growth trend of the Indian sub-continent is quite impressive,
this proportion is still well below India’s near 18% current share of global population, a
strong indicator of the potential for further growth. Expressed on a per capita basis energy
demand in India has grown by a more modest 46% since 2000 and remains only around onethird of the world average [17]. Across India too, there is a wide spread disparity in the per
capita electricity consumption among the regions which can be seen from Table-1 for the
year 2014 - 15.
Sl. No.
1
2
3
4
5
6

Region
Western
Southern
All India
Northern
Eastern
North-Eastern

Per capita electricity consumption (in kWh)
1393
1271
1010
927
618
338

Table 1: Per capita electricity consumption of different regions for the year 2014-15 [17].

3.0

Type of Loads

Power requirement of a consumer varies widely. But in general the consumers can be
grouped into a few categories viz. Industrial, domestic, agricultural and commercial. The
changing percentage consumption by various loads from 1968-2014 is shown in Figure-4.

Figure 4: Percentage of electric consumption by various sectors [4], [14].

Some things are so unexpected that no one is prepared for them ‐ Leo Rosten
3| P a g e

4.0 Factors Affecting the Demand Met
There are several factors which determine consumer behaviour and hence load profile of a
state/region. These factors can be categorised into the following:

4.1. Time Factor
Time is the most important factor in determining the consumer behaviour. On analysing the
load profiles it is found that the load curve has “time of the day” property, also it has “day of
week”, “week of month” and “month of season” property. This means that the load curve is
periodic in nature.
4.1.1.

Daily periodicity

A daily load curve reflects the diurnal nature of human activities. Its shapes/width/magnitude
may vary from state to state and depends upon the customer types (i.e. domestic, agricultural,
commercial and industrial), atmospheric temperature and seasons. With the sunrise, domestic
load gradually starts picking-up with the switching in of electrical appliances. Thereafter,
commercial/office load also picks up gradually and domestic load goes down. During the day
time, loads are mainly due to industrial/commercial/office use and vary state to state
depending upon the consumption. However, just after the sunset, domestic load primarily
lighting load and space cooling load picks up again. This gives rise to evening peak and
requires faster ramp rate of generation to meet the requirements. After the sunset
commercial/office load also starts to come down but apart from domestic load, industrial load
also exists in night depending upon the nature of shift (2 or 3 shift per day). Thereafter, in late
night domestic load also starts to decrease and goes to minimum level during night hours.
However, depending upon the season, flat load pattern during night hours can be observed
which is mainly due to space cooling requirements.
4.1.2.

Weekly periodicity

Demand of a region is a reflection of the lifestyle of the population of that region. During
weekends when most of the offices are closed the demand is lower as compared to the
working weekdays. In general it has been found that maximum demand met occurs on
Thursday/Friday which can be seen from figure-5. It can be observed that less demand is met
during the weekend which increases substantially on Mondays, gradually acquiring a
maximum in the mid-week and again slopes down to the minimum during the weekends.

Figure 5: All India average maximum demand met during a week.

I always avoid prophesying beforehand because it is much better to prophesy after the event
has already taken place ‐ Winston Churchill
4|Page

It can be observed from figure-6 that demands for each day of the week for a particular
month follows an almost set pattern. Here for instance, the average all India demand met for
all the Wednesdays falling in the month of August is considered for the last two years which
shows that the same day of a week follows a definite pattern.

Figure 6: Similar load pattern of Wednesdays in the month of August for the last two years.

4.1.3.

Monthly periodicity

The daily load curve varies with changing months/seasons. The load curve of May (summer
season) is very different from that of December (winter season). The characteristic weather
conditions of different months and demand response to it has resulted in unique daily load
curve shapes throughout the year for each month which is repeated every year as shown in
figure 7.

Figure 7: All India daily demand trend for different months of each season for 2014 and 2015

A forecast is never accurate; however you must explain variances ‐ Anonymous
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4.2. Weather conditions
The effect of weather is the most prominent for domestic, commercial and agricultural
consumers. Major weather related parameters driving the load curve are:
4.2.1.

Temperature

The plot of demand met against temperature is called Temperature load curve (TLC). The
demand met is a U- shaped function with respect to temperature which can be separated to
obtain different summer and winter responses giving rise to a change point regression. By
definition, change-point regression allows complex dynamics to be reduced to a multiple
parameter model that can be evaluated using minor adjustments to traditional single-variable
linear regression analysis when the system being evaluated responds to a variable in two or
more regimes. In its most basic form, this is used when the influence of a single variable on
some response depends on whether it is less than or greater than some “change-point” value.
For example, in this case at low ambient air temperatures, energy demand decreases as
temperature increases because heating demands are reduced; however, at higher ambient air
temperatures, energy demand increases due to increase in air cooling loads Figure 8.

Figure 8: Temperature elasticity curve for electricity demand met of Delhi.

As discussed the effect of temperature is the most prominent on commercial and domestic
sector. The demand met of Delhi (having the highest consumption in residential and
commercial sector) can be studied for the effect of temperature. For analysis the peak demand
met of Delhi during the summer season (April- June) of the last two years (2014-16) is
plotted against the maximum temperature for each day. From the slope of the best fit linear
regression for summers we found that with rise in 1°C of temperature the demand of Delhi
increases by approximately 5-6% owing to the increase in space cooling loads with rising
temperature which can be seen from Figure-9.

I have seen the future and it is very much like the present, only longer ‐ Kehlog Albran
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Figure 9: Change in peak demand met of Delhi with maximum temperature in summer season
(April-June)

While when the same analysis was done for winters (December-February) for the last two
years (2014-16) we found that the with rise in 1°C of temperature the demand met of Delhi
falls approximately by 50 MW due to decrease in the heating load which can be seen from
Figure-10.

Figure 10: Change in peak demand met of Delhi with max. temp. in winter season (Dec.-Feb.)

4.2.2. Humidity
It refers to the amount of water vapour in the air. In high humid conditions, the rate of
perspiration is lower than the normal conditions adding to the discomfort of human
population and encouraging the use of air conditioners. Thus, high atmospheric temperature
along with high humidity conditions increases the electricity demand further.

It isn’t human nature to view the future in terms of a wide range of possibilities – Bryan Jacobson
7|Page

4.3. Diversity in load
The various types of loads define the shape of our demand curve. Not only the magnitude of
demand but also its seasonality, hourly variation, peak variation and occurrence depend on
the nature of major load of a region.
4.3.1.

Daily variations

The load curve shape peaks and leans are determined by the major type of load in that area.
For residential consumers, the electricity demand peaks more in the evening when residents
switch on the lighting, cooling and heating loads. The commercial loads tend to be higher
during 8 am to 6 pm when the offices and commercial complexes are running and lean during
the night hours. The industrial loads tend to run continuously at almost a steady value. This
pattern of loads can be easily visualised from figure 11.

Figure 11: Daily load characteristics of different type of the loads [8].

4.3.2.

Seasonal Variations

Increase in temperature during the summer season increases the demand of cooling and air
conditioning load. Residential load as well as office buildings, restaurants, retail stores and
other commercial facilities depend heavily on summer cooling loads and thus, peak demand
met increases much during the summers. Moreover, during winters the difference between
the minimum and maximum demand met increases substantially due to minimal demand
during the night hours. In contrast to domestic and commercial profiles the industrial load
profile does not vary as much as through the year, in part because the air conditioning is a
smaller percentage of the industry facility’s overall energy use. In India, the state of
Maharashtra has major industrial load while the national capital, Delhi has almost only
domestic and commercial loads. Thus, the daily demand variation (expressed as the
difference between maximum and minimum demand met in percentage of the maximum
load) throughout a year is much less for the state of Maharashtra as compared to Delhi
(Figure-12).

Delhi
Maharashtra

Figure 12: Daily demand met variation of Delhi and Maharashtra from Apr’15 to Mar’16

The only function of economic forecasting is to make astrology look respectable‐John K.
Galbraith.
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Same is observed from the peak demand met time of both the states. Maharashtra, having
prominent industrial loads meets its peak demand during the day invariably while Delhi with
prominent domestic and commercial loads meets its peak demand during the late
afternoon/night in summers (due to high cooling load demand) while in the morning hours
during winters. The remarkable seasonal impact on the peak and lean demand met time of
Delhi and relatively no impact on Maharashtra can be seen in Figure 13 and 14 respectively.

Figure 13: Time of occurrence of peak and lean demand of Delhi with seasonal variation of
sunset and sunrise time since 2008.

Figure 14: Time of occurrence of peak and lean demand of Maharashtra with seasonal variation
of sunset and sunrise time since 2008.

4.4. Economic factor
Since electricity has become a daily life necessity, it has also turned to be a commodity.
Thus, economy of the state has also an impact on the usage of electricity. The increase in
purchasing capacity of the population fuels the spurt in demand for modern electrical
appliances like air-conditioners, refrigerators, washing machines etc. which in turn increases
electrical demand. Moreover, rapid industrialisation and modernisation has also added to the
demand growth. If the per capita electricity consumption is compared with the per capita
income of the population there is a definite positive correlation as more per capita income
implies larger per capita electricity consumption (barring some exceptional constraints) as
shown in figure 15.
“When the facts change, I change my mind. What do you do sir?”‐ John M. Keynes.
9|Page

Figure 15: Variation of per capita electricity consumption on per capita income in 2013-14.

All the states are ranked according to their per capita electricity consumption and plotted on
the map of India in the figure below. The state with the highest and the lowest per capita
electricity consumption is marked with red and royal blue colour respectively. The union
territory of Dadra and Nagar Haveli has the highest (13769 kWh) per capita consumption
whereas the state of Bihar has the lowest (203 kWh) [15]. Considering the above correlation,
the economic disparity amongst all the states and region is quite evident from the map.

It is often said there are two types of forecasts ... lucky or wrong!! ‐ Anonymous
10 | Page

4.5. Holidays
The demand consumption pattern of an area is driven by the lifestyle of population residing
in that area. Thus, the demand is lean during weekends when most of the offices are closed.
This can be very well observed from the All India Demand met which is higher for a
weekday than on a weekend for the same month and year and can be seen from Figure 16.

Figure 16: All India Demand met pattern in the month of April, 2015

Moreover, on various gazetted holidays like Independence Day, Gandhi Jayanti there is a fall
in electricity demand. But India due to its unique cultural diversity has some very unique
demand characteristics on holidays. For example, On Diwali, the festival of lights, the
demand for electricity is very high as compared to other days in the month of
October/November. This effect is more prominent in the northern part of India than the
southern part. This can be observed from the peak demand met trend for the last two years for
the largest state of northern India, Uttar Pradesh. The peak demand met for a month is the
highest on the day of Diwali (Figure 17).

Figure 17: The peak demand met trend of Uttar Pradesh in the month of Diwali for the last
two years

Also, many southern states in India, celebrate Pongal as a thanksgiving for the good harvest
season in mid-January every year. This day being a holiday, the demand met is less as
compared to other days in the month of January. This is clear from the average demand met
Forecasting is like driving a car blindfolded and following directions given by a person who is
looking out of the back window‐ Anonymous
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plot of one of the state of southern region i.e. Tamil Nadu, in the month of January (Figure
18).

Figure 18: Peak demand met trend of Tamil Nadu in the month of Pongal for the last two years

4.6. Variation in the peak load occurrence due to change in Sunset time
The load curve is determined by the daily life cycle of population which is predominantly
diurnal. Hence the key to understand its pattern is to analyse its correlation with the sunset
time which affects energy consumed in illumination, consumption pattern etc. As mentioned
above, the demand met increases during evening hours as people switch on various lighting,
heating or air conditioning loads depending upon the weather. Hence, to understand this, the
time at which maximum/ minimum all India demand occurs is plotted for each day since
2008 (Figure 19)

Figure 19: Maximum demand occurrences of the all India over the years since 2008

As we observe the maximum demand time occurrence has a tendency to shift from evening to
night hours as we move from winter to summer season through a year.
It is said that the present is pregnant with the future ‐ Voltaire
12 | P a g e

5.0 Regional diversity in demand
The large geographical area of India is demarcated electrically into five regions from power
system operation point of view and each region has its unique characteristic. The type and
nature of load, difference in climatic, geographical conditions and cultural practices also
affects the demand curve of a region making it very different from that of the other. This can
be visualized for instance from Figure-20 where the moving average demand met pattern of
Northern and Western region (interval 10 days) are plotted throughout the year. When the
average demand met of the Northern region is the maximum in a year (July to August) the
demand met is the minimum in the Western region and vice-versa during October-November;
the seasonal correlation between the demands of the two regions is also approximately equal
to - 0.7.

Figure 20: Average demand met of Northern and Western Region

Moreover, even within a day the demand variation pattern of each region is quite unique. The
demand of western region attains a peak mostly during the day time whereas that of northern
region almost in the late evening or at night. The ramp up rate during the evening peak is also
different for different regions (Figure 21).

Figure 21: Daily demand pattern of Northern, Western, Eastern and Southern region

It’s better to read the weather forecast before praying for rain‐ Mark Twain.
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6.0 Diversity in Maximum Demand Met
Electrical diversity factor is the ratio of the sum of the individual maximum demands of the
various electrical components of a grid to the maximum demand of the grid. The value of the
diversity factor of an electrical grid usually exceeds one. Diversity occurs in an operating grid
when all loads connected to the source are not operating simultaneously, or are operating at
less than maximum loading. The sum of individual power requirement maximums of a
system is always larger than the total system maximum.
The diversity factor indicates this time interdependence of the different components of the
system on the total power requirement.
Diversity Factor = (Sum of Individual Max. Demand)
(Simultaneous Max. Demand)
Greater the diversity factor, lesser is the cost of generation of power. If everything (all
electrical equipment) is running at full load at the same time the diversity factor is equal to
one.
Year
2008-09
2009-10
2010-11
2011-12
2012-13
2013-14
2014-15

NR
1.08
1.07
1.07
1.06
1.07
1.04
1.05

WR
1.04
1.05
1.06
1.05
1.02
1.03
1.03

SR
1.06
1.06
1.04
1.03
1.02
1.03
1.02

ER
1.02
1.06
1.03
1.03
1.03
1.02
1.01

NER
1.03
1.05
1.04
1.03
1.02
1.03
1.01

All India
1.06
1.07
1.07
1.05
1.06
1.05
1.05

Table 2: All India daily diversity factor.

The trend and seasonality of diversity in daily All India demand met is given below:

Figure 22: Trend of All India Diversity Factor based on SCADA data

I never think of the future, it comes soon enough. ‐‐ Albert Einstein
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Figure 23: Decomposition of All India Diversity Factor

The diversity factor is an important indicator of variation of maximum load across different
parts of the country. Interconnection of grids helps in harnessing this diversity. Diversity in
minimum load is also important. The simultaneous minimum All India demand would be
much higher than the sum of individual minimum demand of different states on account of
diversity. The diversity factor for minimum loads can also be computed in similar manner
which would always be less than one.

7.0 Analysis of Demand Pattern
The analysis presented in this report is based on the NLDC SCADA data and the energy data
provided by each state for the daily report. The various assumptions considered during the
analysis are given in subsequent sections. As discussed, the demand variation pattern be it
through a day, week, month, season or year depends largely on the type of major portion of
the load driving the demand. Some assumptions on the type of major load of a particular state
can be done through its load factor and difference between peak and lean demand as a
percentage of peak and its seasonal variation.
Forecasting future events is often like searching for a black cat in an unlit room, that may
not even be there ‐‐Steve Davidson
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7.1. Difference of peak and lean demand as a percentage of peak
For better insights, monthly moving average of each state’s difference between peak and lean
demand (with respect to peak demand) is indicated for the year 2015-16 in table 3. The
variation of this percentage difference shows definite seasonal and type of load impact.
Moreover, the table also shows that whether the percentage difference between the lean and
peak demand has increased or decreased since 2008.

Regions /
States

Variation Trend*
(in %)#

Region

Variation Trend*
(in %)#

Region and all India
1. All India

10-25

-

4. Southern

10-25

↓

2. Northern

10-30

↓

5. Eastern

15-30

↑

3. Western

10-25

↑

6. North-Eastern

30-55

↓

States / UTs
1.

Delhi

30-60

↑

13. Maharashtra

15-30

↑

2.

Chandigarh

30-60

↓

14. Andhra Pradesh

10-30

↓

3.

Haryana

25-50

↓

15. Karnataka

15-35

↓

4.

Himachal
Pradesh

25-50

↓

16. Kerala

25-40

↓

5.

Jammu &
Kashmir

15-45

↑

17. Tamil Nadu

15-30

↓

6.

Punjab

15-45

↓

18. Bihar

20-40

↑

7.

Rajasthan

15-30

↓

19. Jharkhand

20-40

↓

8.

Uttar
Pradesh

15-25

↓

20. West Bengal

25-35

↑

9.

Uttarakhand

20-40

↓

21. Arunachal
Pradesh

25-50

↓

10. Chhattisgarh

15-30

↓

22. Assam

30-55

↓

11. Gujarat

15-25

↑

23. Manipur

60-80

↑

12. Madhya
Pradesh

15-35

↓

24. Meghalaya

35-55

↑

Table 3: Summary of the difference between peak and lean demand as a percentage of peak
demand.

Note:
1. '*' : Trend of increasing (↑)/decreasing (↓) since 2008. Sign of slope (m) of linear
equation "y=mx+c" has been used to indicate the arrow direction. In case of positive
slope it is shown as "↑" and for negative slope it has been shown as "↓".
2. ‘#”: Variation during year 2015-16.

I have seen the future and it is very much like the present, only longer ‐ Albran
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The important observations with regard to states are as follows:
1.

All the states approximately follow a common pattern wherein the difference between its
maximum and minimum demand met is less during the summer while the same increases
during the winters. This may be accorded to more demand of space cooling loads as
compared to space heating load during the peak hours. Major exception to this is the state
of Jammu and Kashmir where this difference falls during the winter season (NovemberFebruary) instead of rising as that of other states primarily due to space heating
requirements.

2.

States with major domestic and commercial load such as Delhi, Chandigarh and
agricultural load such as Punjab, Haryana show large variation in the difference of their
peak and lean demand as such loads are more susceptible to seasonal variations.

3.

States with major industrial loads such as Maharashtra comparatively show lesser
variation as they are somewhat more inelastic to seasonal changes. But, Kerala has the
lowest percentage variation in the difference of its maximum and minimum demand met
throughout the year despite being one of the least industrialised states.

4.

The percentage difference between the daily maximum and minimum demand met with
respect to the peak demand is the largest for domestic, commercial consumers such as
Delhi as the demand during the winter night hours is very small as compared to that
during the peak hours. Same is true for states with abundant agricultural load.

7.2. Correlogram
The correlation is one of the most common and most useful statistics. A correlation is a single
number that describes the degree of relationship between two variables. The correlation value
is always between -1 to +1. If the correlation is negative, it indicates negative relationship; if
it's positive, the relationship is positive. A correlation of zero indicates no relationship at all.
In the data analysis, a correlogram is an image of correlation statistics. It helps us to visualize
the data in correlation matrices. In this report an attempt has been made to show the
correlation between the demands of different states from 2008 to 2016. A sample correlogram
for 2015-16 is given in the figure 24.
The scale of the correlogram is from -1 to +1. Correlation of +1 is shown with dark blue
colour which signifies strong positive correlation. As we move from +1 to -1 the dark blue
colour fade away and turns to dark red for -1 correlation which indicates strong negative
correlation. A state having strong negative correlation between two states indicates that when
the demand of one state is increasing at that time the demand of other state is decreasing. This
gives a clue to bilateral arrangements between the parties. This will lead to optimal utilization
of resources and economic efficiency.

Forecasting future events is often like searching for a black cat in an unlit room, that may
not even be there ‐‐Steve Davidson
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2009‐10

2009‐10

2010‐11

2011‐12

2012‐13

2013‐14

2014‐15

2015‐16

Figure 24: Sample correlograms showing changing demand correlation between various states
from 2008-16.

My interest is in the future because I am going to spend the rest of my life there ‐ C.F.Kettering
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8.0 International Experience on Demand
8.1. Electricity demand curve
The study of demand diversity and its evolution has been a major area of focus for every
developed or developing country. Continuously matching energy generation and demand is at
the heart of electric systems because of their little storage capacity. The challenge is to
balance demand with generating resources adequately; exploiting its flexibility and diversity.
The difficulty of it has been further aggravated with increasing renewable penetration. The
key is to understand the daily load demand curve, its seasonality and trend which help in
forecasting the future demand and hence proper planning. Work done internationally by
countries like California, Great Britain, France etc. to understand the load curve and its
seasonal pattern are shown as below:

Figure 25: Monthly average load (MW) curve of Great Britain for the year 2010 [19].

Figure 26: Monthly average load (MW) curve of France for the year 2010 [19].

Figure 27: Hourly average load curve of California, California ISO, 2006 [3].

Those who have knowledge, don't predict. Those who predict, don't have knowledge ‐ Lao Tzu
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8.2. Globally increasing demand for cooling/heating loads:
The climate of most of the world’s largest and fastest growing cities have tropical to subtropical climates. With these cities increasingly becoming urban, industrial and affluent the
energy demand – particularly for thermal comfort- is increasing drastically. This demand,
widely known as HVAC (heating, ventilation and air- conditioning) load is the major driver
of the difference between peak and baseload demand which might have fundamental
economic implications in terms of requirement for power generation capacity as well as
transmission and distribution infrastructure. Moreover, it is found that globally we have
higher electrical demand for space cooling than space heating which can be somewhat
attributed to tropical and sub-tropical climate pattern as well as prevalence of fuel heating
rather than electric heating in the other countries.

Figure 28: Fraction of total electricity consumption for thermal comfort [14].

Delhi-MES is the most climate-driven of all the cities surveyed, with thermal comfort
responsible for more than half of total annual electricity consumption. Nairobi, by contrast, is
almost completely climate-independent, with scant electrical demand for thermal comfort at
present.

9.0 Data Source and Assumption
1. Demand met data considered for this analysis consist primarily of 15 minute and hourly
instant demand met data captured at National Load Despatch Centre (NLDC) from 20082016 through SCADA.

There are two kinds of forecasters: those who don’t know, and those who don’t know they
don’t know. ― John Kenneth Galbraith
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2. The data is stored at 1 minute interval which is thereafter converted to 5 minute/15
minutes / hourly data. Maximum demand met for day/months/years have been calculated
by using 15 minutes instantaneous Demand data.
3. Average demand met has been calculated by using energy consumption from daily report
prepared at NLDC. This data is being provided by states to Regional Load Despatch
(RLDC) on daily basis.
4. Some discrepancies in data could also be present due to failure of communication at some
point of time. In case of missing data following assumption have been made:
4.1.
Loss of data for small period of time: Last data has been considered.
4.2.
Loss of data for long period: Same time period data of previous day has been
considered.
4.3.
Loss of data for entire day: Previous day data has been considered
5. SCADA data is not time synchronised data. Hence all the samples collected at a particular
time may not be of exactly same time.
6. Demand of each state has been calculated as the summation of internal generation and
total drawl from the grid. In case some generators are not reporting to RLDC/NLDC, the
state demand calculated at RLDC/NLDC would be less than actual demand by that much
amount. Similarly the drawl of any state is calculated at the periphery of the state and
hence does not include state transmission and distribution losses.

10.0 Demand/Load profiles in other industries
All utilities and industries that cater to the public demand at large have consumption
variability in tandem with the lifestyle of the population they serve. Utilities like household
and commercial water supplies, road traffic and all experience a surge in demand or morning
and evening peaks that is very much similar to our electrical load curve. Thus, the
infrastructure needs to be designed to meet the peak demand in all such cases.

10.1. Water supply utilities:
Water is one of the basic necessities of life. The demand for water by a household heavily
depends on the size and lifestyle of its inhabitants. In general, there are four pattern of use
observed: morning and evening, night-time, daytime and continuous. Residential end-users
tend to demand water during morning and evening periods. Irrigation tends to occur during
night-time hours. While many commercial and public building facilities are daytime users,
those in the industrial category are the most likely to be continuous users. Further,
corroborating this pattern is a study conducted by Aquacraft.inc for California Public Utilities
Commission in 2011. The figure 28 shows the average daily demand profile of water for
various sectors of California.

The most reliable way to forecast the future is to try to understand the present – John Naisbitt
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Figure 29: Daily demand profile of water by various sectors in California [3].

10.2. Road Transport:
The traffic on roads too is a clear reflection of the diurnal lifestyle viz. on an average working
day the number of vehicles on the road is the highest during the morning and evening time
when most of the population is commuting between office and home and the traffic is lean
during the other hours falling to the minimum at night hours. Whereas, during weekends or
public holidays the number of vehicles on the road is very less as compared to working days
and follows a somewhat continuous pattern during the daytime. A population analytics
survey done by INRIX is indicative of this trend (Figure 30 and 31).

Figure 30: Average daily traffic profile on roads on a weekday [18].

Figure 31: Average daily traffic profile on roads on a weekend or holiday [18].

11.0 Equations used for Forecasting:
The basic technique used for forecasting here is extrapolation. In extrapolation technique
trend curves are fitted to basic historical data which is adjusted to reflect the growth trend.
Using the trend curve the forecast is obtained by evaluating the trend curve function at the
desired future point. Though, it is a very simple procedure, it produces reasonable results in
some instance. Such a technique is to be classified as a deterministic extrapolation as no
The future isn't what it used to be ! ‐‐ Anonymous
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attempt is made to account for random errors in the data for an analytical module. The
suitable trend curve functions can be classified into some equations which are listed in table
5. In the report the trend curves have been projected on the basis of energy, maximum,
minimum and average demand met values. The analysis of all the trend curves linear,
exponential and polynomial have been chosen on the basis of R2 value (confidence level) and
for the reason of simplicity and practical interpretation of the result. Nevertheless, the chosen
trend curves give pragmatic results.

Curve Type

Equations

Curve Type

1. Linear
2. Quadratic
3. Nth order polynomial

y=a+bx
y=a+bx+cx2
y=a+bx+cx2+dx3…..

Yield-Density Model
1. Reciprocal Model
2. Reciprocal
Quadratic Model
3. Bleasdale Model
4. Harris Model
Growth Model
1. Saturation
Growth Model
2. Exponential
Association
3. Exponential
Association
Sigmoidal Relations
1. Weibull Model
2. Logistic Model
3. Rechards Model
4. MMF Model
5. Gompertz
Relations

Exponential family
1. Exponential
2. Modified Exponential
3. Logarithm

Y=ae
Y=aeb/x
Y=a+blognx

4. Reciprocal Log

Y=1/ (a+blognx)

5. Vapor Pressure Model

Y=e(a+b/x+clognx)

bx

Equations
Y=1/(ax+b)
Y=1/(a+bx+cx2)
Y=(a+bx)-1/c
Y=1/(a+bxc)
Y=ax/b+x
Y=a(1-eb-x)
Y=a(b-e-cx)

Power Law Family
1. Power
Y=axb
Y=a-be-cx^d
2. Modified Power
Y=abx
Y=a/(1+be-cx)
bx
3. Geometric
Y=ax
Y=a/(1+eb-cx)1/d
4. Modified Geometric
Y=axb/x
Y=ab+cxd/b+xd
1/x
5. Root
Y=ab
Y=ae-e^(b-cx)
6. Hoerl Model
Y=abxxc
7. Modified Hoerl Model Y=ab1/xxc
Other Models
1. Hyperbolic Model
Y=a+b/x
8. Gamma Model Y=a(x/b)cexp(a/b))
2. Sinusoidal Model
Y=a+bcos(cx+d)
9. Gunary Model
Y=x/(a+bx+csqrt(x))
3. Heat Capacity
Y=a+bx+c/x2
10. Freundlich Model Y=ax(bx^(-c))
Model
(Extended)
4. Gaussian Model
Y=ae-(x-b)^2/2c^2
11. Inverse Model
Y=a+b/x+c/x2
2
5. BET Model
Y=x/(a+bx-(a+b)x )
12. Lorentz Equation Y=a+b*(cos(x-c))d
6. Beta Distribution
Y=axb(1-x)^c
13. Generalised
Y=a-b(1+cx)(1/d)
Hyperbola
7. Cauchy Model
Y=1/(a*(x+b)2+c)
14. Truncated Fourier Series
:
Y=a*cos(x+d)+b*cos(2x+d)+c*cos(3x+d)
15. Bacon-watts Double –Line
:
Y=a+bx(x-d)-cx(x-d)xtanh((x-d)/e)
16. Bent Hyperbola Model
:
Y=a+bx-sqrt((c+bx)2+d2)
17. Two parameter Bell Model
:
Y=a/(1+x2)b
18. Log Normal Model
:
Y=a*exp((logn(x)-b)2/c)
19. Rational Functional Model
:
Y=(a+bx)/(1+cx+ dx2)
20. Sum of Exponentials
:
Y=a*exp(-bx)+c*exp(-dx)
21. Longmuir Model (Extended)
:
Y=1/(a+bx(c-1) )
22. Chapman-Richards Model
:
Y=a(1-exp(-bx))c
Table 4: Equations in general to be used for forecasting [2]

Some things are so unexpected that no one is prepared for them ‐ Leo Rosten
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12.0 Seasonal Decomposition
Seasonal decomposition is an approach to identify the seasonality and trend in any time
series. This can be done in a time series which exhibit seasonality and trend.
Mathematical representation of the decomposition approach is: Yt  f ( S t , Tt , Et )
Yt is the time series value (actual data) at period t.
St is the seasonal component ( index) at period t.
Tt is the trend cycle component at period t.
Et is the irregular (remainder) component at period t.
The exact functional form depends on the decomposition model actually used. Two
common approaches are:
1. Additive Model
Yt  S t  Tt  Et
An additive model is appropriate if the magnitude of the seasonal fluctuation does
not vary with the level of the series.
2. Multiplicative Model
Yt  S t  Tt  Et
Multiplicative model is more prevalent with economic series since most seasonal
economic series have seasonal variation which increases with the level of the
series.
The seasonal decomposition of the load factor trend has been done in R software. The
Seasonal Trend Decomposition using Loess (STL) is an algorithm that was developed to
help to divide up a time series into three components namely: the trend, seasonality and
remainder. The values are normalised values w.r.t maximum. The methodology was
presented by Robert Cleveland, William Cleveland, Jean McRae and Irma Terpenning in
the Journal of Official Statistics in 1990.

13.0 Way Forward
The analysis done in this report provides useful information about the trend and
seasonality pattern of demand met of each region and state. Similar exercise done at the
intra state level would provide good insights. This information can be helpful in
generation, transmission and distribution planning by the central and state level power
system planning agencies by identifying areas/sectors with maximum growth. It can also
provide useful insight of the behavioural pattern of the population residing in that state/
region.
This exercise throws light over the peak load growth for the coming years suggesting
adequate capacity addition. Moreover, with the widening gap between the peak and base
demand, one of the plausible solutions comes out to be load staggering which can be very
promising in dealing with the future demand growth in India.
This exhaustive study if done periodically can prove instrumental in forecasting future
demand and hence can assist proper planning and capacity management.
I never think of the future, it comes soon enough. ‐ Albert Einstein
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The problem with forecasting is that it’s right too often for us to ignore it and wrong too
often for us to rely on it ‐ Patrick Young
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16.0 All India and Region wise Analysis
16.1.

All India

1. Demand met pattern:
1.1. Hourly Demand met pattern

1.2. 3-D plot of annual demand met (2015-16):
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All India
2.

Daily maximum, minimum and average demand met pattern:

3. Demand-duration curve:
3.1. Annual Demand Duration Curve ( considering block-wise samples):
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All India
3.2. Annual Demand Duration Curve: Normalised with respect to Maximum Demand
met (occurred during the respective year)

3.3. Annual Demand Duration Curve: Normalised with respect to Average Demand met
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All India
4.

Time of daily sunset, sunrise with occurrences of peak and lean demand met

5.

Maximum daily Demand Met occurrences: Year-On-Year pattern
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All India
6. Maximum Demand Met:
6.1. Daily Maximum Demand Met Pattern:

6.2. Decomposition of Daily Maximum Demand Met:

31 | P a g e

All India
7. Minimum Demand Met:
7.1. Daily Minimum Demand Met Pattern:

7.2. Decomposition of Daily Minimum Demand Met:
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All India
8. Average Demand Met:
8.1. Daily Average Demand Met Pattern:

8.2. Decomposition of Daily Average Demand Met:
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All India
9. Difference of Peak and Lean demand as a Percentage of Peak demand:
9.1. Daily difference of Peak and Lean as a Percentage of Peak demand met Pattern:

9.2. Decomposition of Daily Peak and Lean demand as Percentage of Peak Demand
Met:
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All India
10. Lean as a Percentage of Peak :
10.1. Daily Lean demand as a Percentage of Peak demand met Pattern:

10.2. Decomposition of Daily Lean as a Percentage of Peak Demand Met:
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All India
11. Average as a Percentage of Peak (Load Factor):
11.1. Daily Average demand as a Percentage of Peak demand met (Load Factor):

11.2. Decomposition of daily load factor:
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All India
12. Daily energy met:
12.1. Daily energy consumption pattern:

12.2. Decomposition of Daily Energy met:
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All India
13. Daily Peak Demand met and Energy Consumption Pattern (Off-line data):
13.1. Daily Peak Demand met pattern:

13.2. Daily energy consumption pattern:
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All India
14. Typical monthly demand met pattern:
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All India
15. Monthly demand met pattern from 2008-2016:
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16.2.

Northern Region

1. Demand met pattern:
1.1. Hourly Demand met pattern

1.2. 3-D plot of annual demand met (2015-16):
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Northern Region
2.

Daily maximum, minimum and average demand met pattern:

3. Demand-duration curve:
3.1. Annual Demand Duration Curve ( considering block-wise samples):
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Northern Region
3.2. Annual Demand Duration Curve: Normalised with respect to Maximum Demand
met (occurred during the respective year)

3.3. Annual Demand Duration Curve: Normalised with respect to Average Demand met
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Northern Region
4.

Time of daily sunset, sunrise with occurrences of peak and lean demand met

5.

Maximum daily Demand Met occurrences: Year-On-Year pattern
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Northern Region
6. Maximum Demand Met:
6.1. Daily Maximum Demand Met Pattern:

6.2. Decomposition of Daily Maximum Demand Met:
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Northern Region
7. Minimum Demand Met:
7.1. Daily Minimum Demand Met Pattern:

7.2. Decomposition of Daily Minimum Demand Met:
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Northern Region
8. Average Demand Met:
8.1. Daily Average Demand Met Pattern:

8.2. Decomposition of Daily Average Demand Met:
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Northern Region
9. Difference of Peak and Lean demand as a Percentage of Peak demand:
9.1. Daily difference of Peak and Lean as a Percentage of Peak demand met Pattern:

9.2. Decomposition of Daily Peak and Lean demand as Percentage of Peak Demand
Met:
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Northern Region
10. Lean as a Percentage of Peak :
10.1. Daily Lean demand as a Percentage of Peak demand met Pattern:

10.2. Decomposition of Daily Lean as a Percentage of Peak Demand Met:
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Northern Region
11. Average as a Percentage of Peak (Load Factor):
11.1. Daily Average demand as a Percentage of Peak demand met (Load Factor):

11.2. Decomposition of daily load factor:
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Northern Region
12. Daily energy met:
12.1. Daily energy consumption pattern:

12.2. Decomposition of Daily Energy met:
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Northern Region
13. Daily Peak Demand met and Energy Consumption Pattern (Off-line data):
13.1. Daily Peak Demand met pattern:

13.2. Daily energy consumption pattern:

52 | P a g e

Northern Region
14. Typical monthly demand met pattern:
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Northern Region
15. Monthly demand met pattern from 2008-2016:
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16.3.

Western Region

1. Demand met pattern:
1.1. Hourly Demand met pattern

1.2. 3-D plot of annual demand met (2015-16):
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Western Region
2.

Daily maximum, minimum and average demand met pattern:

3. Demand-duration curve:
3.1. Annual Demand Duration Curve ( considering block-wise samples):
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Western Region
3.2. Annual Demand Duration Curve: Normalised with respect to Maximum Demand
met (occurred during the respective year)

3.3. Annual Demand Duration Curve: Normalised with respect to Average Demand met
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Western Region
4.

Time of daily sunset, sunrise with occurrences of peak and lean demand met

5.

Maximum daily Demand Met occurrences: Year-On-Year pattern
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Western Region
6. Maximum Demand Met:
6.1. Daily Maximum Demand Met Pattern:

6.2. Decomposition of Daily Maximum Demand Met:
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Western Region
7. Minimum Demand Met:
7.1. Daily Minimum Demand Met Pattern:

7.2. Decomposition of Daily Minimum Demand Met:

60 | P a g e

Western Region
8. Average Demand Met:
8.1. Daily Average Demand Met Pattern:

8.2. Decomposition of Daily Average Demand Met:
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Western Region
9. Difference of Peak and Lean demand as a Percentage of Peak demand:
9.1. Daily difference of Peak and Lean as a Percentage of Peak demand met Pattern:

9.2. Decomposition of Daily Peak and Lean demand as Percentage of Peak Demand
Met:
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Western Region
10. Lean as a Percentage of Peak :
10.1. Daily Lean demand as a Percentage of Peak demand met Pattern:

10.2. Decomposition of Daily Lean as a Percentage of Peak Demand Met:
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Western Region
11. Average as a Percentage of Peak (Load Factor):
11.1. Daily Average demand as a Percentage of Peak demand met (Load Factor):

11.2. Decomposition of daily load factor:

64 | P a g e

Western Region
12. Daily energy met:
12.1. Daily energy consumption pattern:

12.2. Decomposition of Daily Energy met:
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Western Region
13. Daily Peak Demand met and Energy Consumption Pattern (Off-line data):
13.1. Daily Peak Demand met pattern:

13.2. Daily energy consumption pattern:
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Western Region
14. Typical monthly demand met pattern:
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Western Region
15. Monthly demand met pattern from 2008-2016:
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16.4.

Southern Region

1. Demand met pattern:
1.1. Hourly Demand met pattern

1.2. 3-D plot of annual demand met (2015-16):
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Southern Region
2.

Daily maximum, minimum and average demand met pattern:

3. Demand-duration curve:
3.1. Annual Demand Duration Curve ( considering block-wise samples):
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Southern Region
3.2. Annual Demand Duration Curve: Normalised with respect to Maximum Demand
met (occurred during the respective year)

3.3. Annual Demand Duration Curve: Normalised with respect to Average Demand met
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Southern Region
4.

Time of daily sunset, sunrise with occurrences of peak and lean demand met

5.

Maximum daily Demand Met occurrences: Year-On-Year pattern
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Southern Region
6. Maximum Demand Met:
6.1. Daily Maximum Demand Met Pattern:

6.2. Decomposition of Daily Maximum Demand Met:
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Southern Region
7. Minimum Demand Met:
7.1. Daily Minimum Demand Met Pattern:

7.2. Decomposition of Daily Minimum Demand Met:
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Southern Region
8. Average Demand Met:
8.1. Daily Average Demand Met Pattern:

8.2. Decomposition of Daily Average Demand Met:
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Southern Region
9. Difference of Peak and Lean demand as a Percentage of Peak demand:
9.1. Daily difference of Peak and Lean as a Percentage of Peak demand met Pattern:

9.2. Decomposition of Daily Peak and Lean demand as Percentage of Peak Demand
Met:
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Southern Region
10. Lean as a Percentage of Peak :
10.1. Daily Lean demand as a Percentage of Peak demand met Pattern:

10.2. Decomposition of Daily Lean as a Percentage of Peak Demand Met:
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Southern Region
11. Average as a Percentage of Peak (Load Factor):
11.1. Daily Average demand as a Percentage of Peak demand met (Load Factor):

11.2. Decomposition of daily load factor:
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Southern Region
12. Daily energy met:
12.1. Daily energy consumption pattern:

12.2. Decomposition of Daily Energy met:
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Southern Region
13. Daily Peak Demand met and Energy Consumption Pattern (Off-line data):
13.1. Daily Peak Demand met pattern:

13.2. Daily energy consumption pattern:
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Southern Region
14. Typical monthly demand met pattern:
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Southern Region
15. Monthly demand met pattern from 2008-2016:
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16.5.

Eastern Region

1. Demand met pattern:
1.1. Hourly Demand met pattern

1.2. 3-D plot of annual demand met (2015-16):
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Eastern Region

2.

Daily maximum, minimum and average demand met pattern:

3. Demand-duration curve:
3.1. Annual Demand Duration Curve ( considering block-wise samples):
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Eastern Region

3.2. Annual Demand Duration Curve: Normalised with respect to Maximum Demand
met (occurred during the respective year)

3.3. Annual Demand Duration Curve: Normalised with respect to Average Demand met
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Eastern Region
4.

Time of daily sunset, sunrise with occurrences of peak and lean demand met

5.

Maximum daily Demand Met occurrences: Year-On-Year pattern
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Eastern Region
6. Maximum Demand Met:
6.1. Daily Maximum Demand Met Pattern:

6.2. Decomposition of Daily Maximum Demand Met:
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Eastern Region
7. Minimum Demand Met:
7.1. Daily Minimum Demand Met Pattern:

7.2. Decomposition of Daily Minimum Demand Met:
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Eastern Region

8. Average Demand Met:
8.1. Daily Average Demand Met Pattern:

8.2. Decomposition of Daily Average Demand Met:
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Eastern Region
9. Difference of Peak and Lean demand as a Percentage of Peak demand:
9.1. Daily difference of Peak and Lean as a Percentage of Peak demand met Pattern:

9.2. Decomposition of Daily Peak and Lean demand as Percentage of Peak Demand
Met:
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Eastern Region

10. Lean as a Percentage of Peak :
10.1. Daily Lean demand as a Percentage of Peak demand met Pattern:

10.2. Decomposition of Daily Lean as a Percentage of Peak Demand Met:
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Eastern Region
11. Average as a Percentage of Peak (Load Factor):
11.1. Daily Average demand as a Percentage of Peak demand met (Load Factor):

11.2. Decomposition of daily load factor:
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Eastern Region
12. Daily energy met:
12.1. Daily energy consumption pattern:

12.2. Decomposition of Daily Energy met:
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Eastern Region
13. Daily Peak Demand met and Energy Consumption Pattern (Off-line data):
13.1. Daily Peak Demand met pattern:

13.2. Daily energy consumption pattern:
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Eastern Region
14. Typical monthly demand met pattern:
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Eastern Region
15. Monthly demand met pattern from 2008-2016:

96 | P a g e

16.6.

North-Eastern Region

1. Demand met pattern:
1.1. Hourly Demand met pattern

1.2. 3-D plot of annual demand met (2015-16):
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North‐Eastern Region
2.

Daily maximum, minimum and average demand met pattern:

3. Demand-duration curve:
3.1. Annual Demand Duration Curve ( considering block-wise samples):
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North‐Eastern Region
3.2. Annual Demand Duration Curve: Normalised with respect to Maximum Demand
met (occurred during the respective year)

3.3. Annual Demand Duration Curve: Normalised with respect to Average Demand met
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North‐Eastern Region
4.

Time of daily sunset, sunrise with occurrences of peak and lean demand met

5.

Maximum daily Demand Met occurrences: Year-On-Year pattern
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North‐Eastern Region
6. Maximum Demand Met:
6.1. Daily Maximum Demand Met Pattern:

6.2. Decomposition of Daily Maximum Demand Met:
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North‐Eastern Region
7. Minimum Demand Met:
7.1. Daily Minimum Demand Met Pattern:

7.2. Decomposition of Daily Minimum Demand Met:
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North‐Eastern Region
8. Average Demand Met:
8.1. Daily Average Demand Met Pattern:

8.2. Decomposition of Daily Average Demand Met:
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North‐Eastern Region
9. Difference of Peak and Lean demand as a Percentage of Peak demand:
9.1. Daily difference of Peak and Lean as a Percentage of Peak demand met Pattern:

9.2. Decomposition of Daily Peak and Lean demand as Percentage of Peak Demand
Met:
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North‐Eastern Region
10. Lean as a Percentage of Peak :
10.1. Daily Lean demand as a Percentage of Peak demand met Pattern:

10.2. Decomposition of Daily Lean as a Percentage of Peak Demand Met:
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North‐Eastern Region
11. Average as a Percentage of Peak (Load Factor):
11.1. Daily Average demand as a Percentage of Peak demand met (Load Factor):

11.2. Decomposition of daily load factor:
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North‐Eastern Region
12. Daily energy met:
12.1. Daily energy consumption pattern:

12.2. Decomposition of Daily Energy met:
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North‐Eastern Region
13. Daily Peak Demand met and Energy Consumption Pattern (Off-line data):
13.1. Daily Peak Demand met pattern:

13.2. Daily energy consumption pattern:
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North‐Eastern Region
14. Typical monthly demand met pattern:
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North‐Eastern Region
15. Monthly demand met pattern from 2008-2016:
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Power System Operation Corporation Limited
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