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ABSTRACT

This paper presents a novel tariff structure designed to manage domestic elec-
tricity demand through demand-side management strategies, reallocating the resulting
savings to the industrial sector to enhance productivity and stimulate economic growth
in Pakistan. In the fiscal year 2022-23, domestic and industrial sectors consumed 43%
and 24% of the total generated electricity, respectively, with industrial consumption
playing a crucial role in GDP contribution. This research focuses on decreasing do-
mestic energy consumption and reallocating the conserved electricity to the industrial
sector, thereby boosting economic performance. Current tariffs do not account for in-
come disparities and inadequately address price elasticity, leading to inefficient energy
distribution. The proposed tariff structure aims to optimize electricity consumption

among users while fulfilling the essential needs of domestic consumers.

Utilizing datasets from local billing, the PRECON dataset, regulatory notifica-
tions from NEPRA, and a newly compiled representative dataset, the study bases its
tariftf recommendations on consumer income and demand elasticity. The study em-
phasises the need to allocate energy resources to the industrial sector for economic

growth, as well as the industry’s substantial contribution to Pakistan’s GDP.

The proposed tariff structure endeavours to curtail consumer demand while up-
holding a minimum critical consumption threshold derived from PRECON data anal-
ysis. Linear regression analysis indicates a potential 3.15% reduction (1,000.89 GWh)
in national electricity demand, with a 1.25% decrease observed in the representative
dataset of 4,765 consumers. A potential increase in consumption was observed in the
101-200 slab due to shifts in consumer behavioural trends supported by historical data
analysis. The findings suggest that the proposed tariff can reduce residential electricity
demand in Pakistan by 1-3%, facilitating greater electricity availability for industries

and promoting economic growth and industrial productivity.

Keywords: Tariff structure, electricity economics, regulatory policy, price elas-

ticity, demand-side management, domestic load reduction.
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CHAPTER 1: INTRODUCTION

1.1 Background and Motivation

Pakistan is facing a severe economic crisis, including high inflation rates and
declining foreign exchange reserves, while inadequate electricity infrastructure is hin-
dering reliable electricity from being supplied throughout the country [1]. While the
government has taken steps to address the issue of reliable energy supply through pol-
icy interventions, the reliance on conventional power generation methods, inefficiency
in distribution and transmission systems, and lack of demand-side management strate-
gies continue to impede progress. These issues, especially the inadequate electricity
infrastructure, have affected the industry’s productivity and growth. This unreliable
energy supply causes severe losses, particularly in energy-dependent industries in-
cluding textiles, which reported losses of approximately $70 million during a major
blackout in 2023 [2]. One way to provide reliable electricity for industries is to up-
grade the entire energy system, which requires significant investment to modernize
generation, transmission, and distribution systems [3]. Existing attempts to resolve
this issue include the expansion of power generation capacities and investment in re-
newable energy. However, these efforts have failed to address the underlying ineffi-
ciencies in tariff structures and load management. A critical gap in these attempts lies
in the insufficient focus on demand-side solutions that could optimize load distribu-

tion without needing massive infrastructure investments.

A second way to tackle this problem is to prioritize energy provision to the in-
dustrial sector while reducing electricity supply to domestic consumers. This strategy
would direct scarce resources to industries critical to economic growth but may have
social implications, as residential consumers already face high tariffs and outages.
The industrial sector employs millions of people and significantly contributes to the
GDP [4]. Figure 1.1 is obtained from [5], [6],[7], [8], [9], [10], [L1], [12], [13], [14],
and [15], which presents the percentage growth in GDP and the industrial sector, as
well as the percentage share of the industrial sector in GDP for the fiscal years 2013
to 2024. Figure 1.1 illustrates the correlation between industrial progression and GDP

growth in Pakistan. The industrial sector’s percentage share of GDP fluctuates be-



tween 18.22% and 21.02%. Despite minor dips, the industrial sector maintains a sig-
nificant and relatively stable role in Pakistan’s economic output, contributing around
20% on average to the GDP. However, many industries have been forced to operate at
reduced capacity or shut down entirely due to frequent power outages and an unstable

electrical supply, leading to financial losses and increased unemployment [16].
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Figure 1.1: GDP and industrial growth, and share of industry in GDP from 2013 to
2024

Pakistan’s sales mix predominantly focuses on domestic consumption, and a
comparison of FY 2019 to FY 2024 reveals no substantial change over the years. As
per the NEPRA State of Industry Report 2023 [17], Industrial Consumption accounted
for 24.57% of the entire sales in 2018-19 and 24.21% in 2022-23. As per the same
report, the proportion of domestic consumption is the largest in 2018-19, standing at
46.12% and 43.42% in 2022-23. With the country’s reliance on 60% imported fuel,
supplying electricity to non-productive domestic loads is a critical issue that needs
attention. By shifting energy use from the domestic to the industrial sector, Pakistan
could improve its trade balance and accelerate economic growth [18]. Figure 1.2 com-
pares electricity consumption in the industrial and domestic sectors across different
countries and it is obtained from [19], [20], [21], [22], [23], and [24]. It highlights that
the industrial sector consistently consumes more electricity than the domestic sector
in these countries. In contrast, the domestic load is the primary electricity consumer in

Pakistan, underscoring a vital difference in energy usage patterns.
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Figure 1.2: Percentage share of industrial and domestic sectors in total electricity
consumption

Demand-side management (DSM) is a possible solution for shifting the load of
domestic consumers from peak to off-peak hours [25], allowing for meeting the de-
mand of the industrial sector. This study attempts to overcome the existing gaps by
proposing a novel tariff structure to implement demand-side management (DSM) for
Pakistan’s domestic electricity consumption. This tariff formula aims to cut the de-
mand curve and free up capacity for the industrial load by penalizing domestic con-
sumers for excessive use during peak hours. Currently, the Time-of-Use tariff for
domestic loads only applies to consumers having three-phase connections [17]. The
originality of this study lies in its focus on integrating socioeconomic factors (income
and price elasticity) into the tariff-setting process, which Pakistan’s energy policy has
overlooked. Therefore, considering household income and price elasticity, this study
proposes a new tariff structure for all domestic consumers. In terms of contribution,
this research provides a framework for implementing DSM more effectively by align-
ing tariff structures with consumer behaviour. It also highlights the potential for im-
proving industrial productivity through strategic energy allocation, a critical area for

economic development in Pakistan.

1.2 Problem Statement

The electricity pricing structure in Pakistan is based on a slab-wise framework.

This indicates that within predetermined consumption levels, customers are billed at



a set rate for each unit of electricity usage. Customers are billed at a different rate for
excess use, for instance, if they use more energy than a certain threshold of kWh. Al-
though this system is simple to set up and easy to use, it does not encourage users to
use less energy or energy more wisely, particularly during peak hours when grid de-
mand is at its highest and power generation costs are at their highest. Peak time is usu-
ally the evening and nighttime hours when household consumption spikes. This peak
demand requires the use of more costly [26] and inefficient power plants, which raises
the price of energy and worsens the overall environmental effect due to increased
emissions [27]. As a result, Pakistan needs a tariff structure that promotes demand-

side flexibility.

It would be necessary for customers to modify their energy consumption habits
to better match the total demand on the grid in order to implement tariff structures that
support demand-side flexibility. The implementation of Time-of-Use (TOU) tariffs
is one such strategy. Higher prices during peak hours will encourage users to move
their non-essential energy use to off-peak hours, when power is less expensive, under
such a scheme. This unconventional tariff structure can assist in flattening the demand
curve. By doing this, the need for expensive peaking power plants will be reduced
[28], and it will increase the overall stability and dependability of the electrical grid
[29]. They would also promote more sustainable and efficient energy consumption

habits.

Pakistan’s existing tariff system is straightforward and easy to set up, but it op-
poses demand-side management and energy efficiency. Suppliers can encourage cus-
tomers to modify their patterns of energy usage by implementing tariff structures such
as TOU tariffs. In addition to potentially saving money for individual customers, this
change would also help in lessening the stress on the electrical system, cutting the cost

of producing power, and minimising the negative effects on the environment.

1.3 Proposed Methodology

The proposed solution for reducing demand during peak hours is implementing
a Time-of-Use (TOU) tariff structure for the domestic electricity consumers of Pak-

istan. This research work will propose a formula to calculate the tariff during peak



hours.

First, information on electrical consumption across different customer tiers will
be gathered. This information will be obtained from the National Electric Power Reg-
ulatory Authority (NEPRA). The next step will be to publish an online poll to find out
how variables like home income affect the amount of power used. To gain a deeper
understanding of the processes at work, this survey will yield insightful information

on customer behaviour and preferences.

The next stage is to analyse and visualise the data after it has all been gathered
and compiled. Our goal in going through this process is to find connections, patterns,
and trends that may not be immediately obvious. We will investigate that how the de-
mand for electricity varies in reaction to price fluctuations, while accounting for a pa-
rameter like family income. We will be able to comprehend the intricate link between

tariff and demand in the power market more effectively due to this investigation.

Apart from analyzing these quantities, qualitative factors will also be consid-
ered. For example, the survey results may include information on how consumers feel
about using power at different times of the day and if they are open to changing how
tariffs are structured. It will be essential to comprehend these viewpoints to create a

tariff structure that is both consumer-acceptable and successful.

The data analysis will involve advanced statistical techniques and possibly ma-
chine learning algorithms to ensure robust and reliable results. Visualization tools will
be used to present the findings in an accessible and understandable manner, which
will aid in communicating the insights to stakeholders, policymakers, and the general

public.

Ultimately with these understandings a new tariff structure that includes mod-
ifications for peak pricing will be suggested. This innovative technique seeks to per-
suade customers to use less electricity at times of peak demand. This will ease the

strain on the system and encourage more sustainable patterns of energy use.

It is anticipated that the introduction of the TOU tariff will lower peak demand
improving the system’s efficiency and dependability of electricity supply. In the long

run this can lower power prices for consumers, save operating costs for utility com-



panies, and benefit the environment by lowering the demand for further fossil fuel-
fueled electrical generation. In addition to supporting sustainable energy practices and
advancing Pakistan’s overall economic and environmental goals, this all-encompassing

plan aims to control demand.

1.4 Thesis Layout
The structure of this thesis is organized into the following sections:

Chapter 2: Literature Review: A thorough analysis of various tariff struc-
tures and demand-side management (DSM) is provided in this section. Furthermore
an analysis is conducted on Pakistan’s present tariff structure. The chapter also ex-
plores the relationship between price and demand, and the variables influencing en-
ergy pricing as well as the effect of prices on demand . The chapter also covers Pak-
istan’s energy landscape, the effects of Time-of-Use (TOU) rates on developing and

South Asian nations, and consumer acceptability of TOU tariffs.

Chapter 3: Methodology: This chapter describes the approach used to solve
this research. It contains information on how the dataset was gathered and clustered
as well as specifics on the data cleaning and collection procedures. This portion of the

thesis also outlines the design of the suggested tariff structure.

Chapter 4: Results and Discussion: The findings and results derived from the

study are presented and discussed in this section.

Chapter 5: Conclusions and Recommendations: This concluding chapter
summarises the key findings of the study and offers recommendations for the future. It
explains the overall study, highlighting its significance and potential implications for

the field.



CHAPTER 2: LITERATURE REVIEW

This chapter serves as a comprehensive exploration of the existing research
and scholarly work. We take a closer look at what other researchers have found out
through their studies, the theories they have developed, and the real-life observations
they have made. By doing this, we aim to get a better understanding of our topic and
to see what has already been discovered. We will explore different ideas and evidence
that researchers have gathered over the years, helping us build a strong foundation for

our research.

2.1 Demand Side Management (DSM)

The objective of demand-side management (DSM) or energy-side management
is to encourage consumers to use less energy during peak hours or to shift their load
from peak hours to off-peak hours [30]. DSM is “scientific control of usage and de-
mand of electricity for achieving better load factor and economy, by the licensee or
supplier” [31]. “To plan, implement, and monitor activities designed to influence cus-
tomer uses of electricity in ways that will produce desired changes in the utility’s load
shape” is the definition of DSM, which came into being during the 1970s [32]. DSM
offers advantages to energy producers as well as customers. Customers can actively
participate in the process by reshaping the load profile through well-informed de-
cisions to achieve optimal energy consumption. This reduces the demand for peak
loads, thereby contributing to the stability of the power system network as a whole

[33]. As a result, load management is an essential DSM component.

Demand-side management (DSM) explains the techniques that utilities, grid op-
erators, and energy suppliers use to influence and control how end-users (consumers)
use electricity in order to create a more reliable, effective, and affordable energy sys-
tem. The main goal of DSM is to change or adjust the power consumption in response

to shifting grid conditions or to fulfil certain policy objectives [34].

DSM is particularly crucial in light of the growing grid integration of variable
renewable energy sources such as solar and wind. These renewable energy sources

frequently generate electricity intermittently and with intrinsic weather-dependent

7



changes, which can impact the supply and demand of electricity [35].

The implementation of DSM is only possible when the consumer’s side equally
participates in it. The two main activities of DSM are load shifting and energy ef-
ficiency, or conversion programs. DSM is implemented using different techniques;

some are mentioned by [36] and [37] as follows:
* Time of Day Tariff
* Peak Clipping
 Valley Filling
* Load Priority Techniques
* Energy Efficiency Improvement
» Rainwater Harvesting
DSM has many benefits, and a few of them are stated below:

* By reducing demand during peak hours, DSM helps in improving grid stability
[38].

* DSM encourages consumers to shift their loads from peak hours to off-peak

hours.
* DSM allows better integration of VRE.

* Optimising electricity consumption will eventually lead to cost savings for both

the supply and demand sides.

Demand-side management is an essential tool for maximising the use of energy
resources, enhancing grid efficiency, and facilitating the integration of renewable en-

ergy, all of which contribute to a more robust and sustainable energy system.

2.2 Electricity Tariff

Until now, the importance of DSM has been discussed. Let us see what the elec-
tricity tariff is to get a better understanding of a chosen topic. A tariff is defined as the
rate at which consumers will purchase electricity per unit. In other words, the tariff is

the technique through which consumers will be charged for their used electricity [39].



The tariff structure varies according to the consumer. The tariff includes the price of

producing and supplying electricity and a reasonable profit for the supply side.

2.2.1  Tariff Structures

Different tariff structures can be used for demand-side flexibility, and some of

them are as follows:

In a flat rate tariff structure, a fixed or constant rate is applied to every energy
unit used, regardless of use [40]. in increasing block rate tariff consumers are charged
block-wise in this structure. Price increases with the increase in the use of electricity
in the form of blocks as the step function [41]. For example, if a consumer has used
300 units of electricity, then the rate for the 0-100 units will be different, the rate for
101-200 units will be higher than the last 100 units, and the rate for 201-300 units will
be higher than the previous slab. Consumers are charged as decreasing block-wise in
decreasing block rate tariff structure. Price decreases with the increase in electricity

use [41].

In Time-of-Use (TOU) consumers are charged differently in different time slots
of the day; these time slots are called “time bands” [42]. Prices will be higher in peak
periods, and during off-peak times, prices will be lowest to encourage consumers to
shift their loads in that slot [41]. Sometimes, a high peak occurs over a short period
of time. Therefore, according to the critical peak pricing (CPP), this period will have
a very high price [43]. In real-time pricing (RTP) structure, the load usage is charged
on an hourly or half-hourly basis [44]. In the day-ahead RTP or day of real-time RTP,
consumers are informed about the pricing of electricity a day before so that they can
make their plan for electricity usage accordingly [45]. This pricing structure requires

maximum participation from consumers and energy suppliers.

Table 2.1 shows some tariff structures that are used in different countries. From
table 2.1, it is seen that developed countries like the USA, UK, and Germany are us-
ing linear tariff structures while developing countries are using increasing block rate
tariffs for domestic consumers. Australia is using a decreasing block rate tariff. This
might be because of the high penetration of rooftop PV panels from the consumer

side. This study will further describe the tariff structure of Pakistan and the proposed



Table 2.1: Tariff structures used in different countries

Flat Rate Increasing Block | Decreasing | Time-of- | Critical Real-
Tariff Rate Tariff Block Rate | Use Tariff Peak Time
Tariff Pricing | Pricing
Germany, US, | Pakistan, India, Australia Russia, Few Spain
Canada, UK, Bangladesh, [46] Nepal, and | states of [47]
and Turkey and Iran Thailand | the USA
(mostly (mostly [46] [48], [49]
developed developing
countries) countries)
[46] [46]

tariff structure for Pakistan. This study further elaborates on regulatory policies for
this initiative and different challenges for the implementation of the proposed tariff

structure considerations to incentivize demand-side flexibility.

2.3 Current Tariff Structure of Pakistan

In Pakistan, the tariff structure is structured around the block rate tariff method.
The current tariff framework in Pakistan for residential users comprises two distinct
categories: protected and unprotected consumers [50]. Consumers falling within the
protected category are those whose electricity consumption does not exceed 200 units
within any consecutive six-month period. Consumers who use more than 200 units are

considered unprotected consumers.

Protected consumers have a small electricity usage and are subject to a block
rate tariff system, which ensures fair and equitable billing procedures. Meanwhile,
unprotected consumers confront a tariff system with varied rates based on their elec-
tricity use. Users with a sanctioned load of more than 4 kW are obliged to install a
three-phase Time-of-Use (TOU) meter for more precise monitoring and billing. Peak
demand for electricity in Pakistan often occurs between 5 p.m. and 10 p.m. Differ-
ential tariffs should be used to incentivize off-peak usage to reduce grid strain during

peak hours.

This breakdown of tariff structures highlights the comprehensive strategy em-
ployed to successfully regulate power usage while guaranteeing affordability and ac-
cessibility for all customer categories. The goal of matching tariffs with consumption

patterns and raising awareness of peak and off-peak pricing is to develop an energy
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efficiency and sustainability culture among Pakistan’s domestic consumers. Table 2.2

shows the current tariff structure of Pakistan [51].

Table 2.2: Current tariff structure of Pakistan

Slabs (kWh) | Current Tariff (Rs)
Protected Consumers
Upto 50 Life Line 5.00
51-100 Life Line 16.61
0-100 18.88
101-200 21.06
Unprotected Consumers

0-100 22.46
101-200 24.85
201-300 25.33
301-400 26.33
401-500 26.82
501-600 27.81
601-700 28.97
Above 700 30.3

2.4 Relation of Demand and Price

The relationship between demand and price, both in general and specifically
in the case of electricity, is crucial to understanding market dynamics and consumer

behaviour.

2.4.1  General Relationship between Demand and Price
2.4.1.1 Law of Demand

According to the law of demand in economics, the quantity desired for a com-
modity or service falls as its price rises, and vice versa, all other things being equal
[52]. This inverse relationship between price and quantity demanded is a fundamental

concept in economics.

2.4.1.2 Price Elasticity of Demand

The amount that good is sought after concerning a price change is measured by
the price elasticity of demand. A slight variation in price causes a substantial shift in
the quantity sought if the demand is elastic. Elastic demand, on the other hand, shows

that the quantity required responds to price changes with minimum variation [53].
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2.4.2  Relationship between Electricity Demand and Price
2.4.2.1 Electricity Demand

The demand for electricity is influenced by various factors such as population
growth, economic activity, weather conditions, and technological advancements [54].
Consumers require electricity for lighting, heating, cooling, industrial processes, and

more.

2.4.2.2 Price Impact on Electricity Demand

Changes in electricity prices can significantly impact demand. Higher prices
may lead consumers to reduce their electricity consumption by using energy-efficient
appliances, adjusting usage patterns, or investing in renewable energy sources. Con-

versely, lower prices may encourage higher consumption [55].

2.4.3  Factors Affecting Electricity Prices

Electricity prices are affected by many factors, such as the inflation rate, tech-
nological advancements [56], the cost of generating electricity, market competition
[57], the expansion of renewable energy [58], changes in fuel prices [59], and policy

decisions. A few of these factors are discussed below:

2.4.3.1 Generation Costs

The generation cost plays a crucial role in determining electricity prices [60].
The cost of generating electricity, influenced by fuel prices, maintenance, and infras-

tructure investments, plays a significant role in determining electricity prices.

2.4.3.2 Market Conditions

Electricity prices are also influenced by market dynamics, including supply and
demand fluctuations, transmission constraints, long-term and short-term plans, and

regulatory policies [61].
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2.4.3.3 Renewable Energy Integration

The increasing share of renewable energy sources like solar and wind power
can impact electricity prices due to their intermittent nature and zero marginal cost of

generation [62].

The relationship between demand and price is a fundamental economic concept
that applies to various goods and services, including electricity. Understanding how
changes in price affect demand and vice versa is essential for policymakers, energy
providers, and consumers to make informed decisions regarding energy consumption,

pricing strategies, and sustainability efforts.

The reduction in electricity consumption is greater in the case where the current
price is higher than the previous price than in the case where the current price is lower
than the previous price [63]. Table 2.3 provides a detailed snapshot of units sold and
average tariffs across fiscal years 2022, 2021, and 2020. Electricity demand is increas-

ing each year, while electricity prices have also increased over the years.

Table 2.3: Units sold and average uniform tariff

Year Total Units Sold (GWh) | Average Uniform Tariff (Rs)
2022 60409.41 23.34
2021 57855.86 19.64
2020 55132.61 18.13

The price elasticity of demand ¢ was calculated using equation (1). The vari-
ables ¢, AD, AP, D, and P represent elasticity, change in units sold, change in tariff,
units sold, and tariff, respectively. Table 2.3 provides the data used for these calcula-

tions, with the results presented in Table 2.4.

_AD/D

T AP/P

2.1)

While electricity is undoubtedly a fundamental necessity rather than a luxury
[63], reflecting an overall inelastic demand concerning price, our analysis illuminates
intriguing nuances when examining specific consumption slabs. Notably, in the ”Av-
erage” row of table 2.4, the elasticity value consistently remains below 1, underscor-

ing the prevailing inelastic behaviour of demand across the board.
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Table 2.4: Price elasticity in demand for the years 2020 to 2022

D, D, AD P, P, | AP | ap AP
(GWh) | (GWh) | (GWh) | (Rs) | (Rs) | (Rs)| Dr P €
For 2022-2021 | 60,409.41 | 57,855.86 | 2,553.55 | 23.34 | 19.64 | 3.7 | 0.0423 | 0.1585 | 0.2669
For 2021-2020 | 57,855.86 | 55,132.61 | 2,723.25 | 19.64 | 18.13 | 1.51 | 0.0471 | 0.0769 | 0.6125

Average - - - - - - - - 0.4397

Year

However, a closer examination of the data reveals a more intricate pattern: cer-
tain slabs exhibit elasticity in response to price fluctuations. This intriguing finding
underscores the significance of our study, which aims to delve into these variations
and comprehensively understand the complex dynamics of consumer behaviour within
different pricing brackets. For a visual representation, figure 2.1 visually depicts the
elasticity of different slabs, offering further insight into the varying degrees of re-
sponsiveness within the consumer base. As far as the data for 2022 shows, 60% of
consumers are from 0 to 200 slab section [51]. It is seen in figure 2.1 that consumers
of 0 to 200 units are highly elastic with price change. Expect 201-300 slab, all other
slabs are price-elastic. The reduction in electricity consumption is greater in the case
where the current price is higher than the previous price than in the case where the
current price is lower than the previous price. 240,339,447 kWh were imported by
DISCOs in FY 2022, and the total number of domestic net metering consumers was
33,065 [51]. The total number of licenses issued in 2021 was 8417 [64], whereas in
2022, it was 7032 for all categories of consumers [51]. It is evident that the reduction
in demand for higher slabs observed in FY2022 cannot be attributed solely to the in-
stallation of solar panels by household consumers, which infers that consumers are
price-responsive. By exploring these nuances, we aim to shed a load on potential av-
enues for optimising pricing strategies and enhancing overall market efficiency in the

electricity sector.

2.5 Effect of Time-of-Use (TOU) Tariff in Developing Countries

Time-of-Use (TOU) tariff structure impacts residential consumption patterns
similarly in developing countries and developed countries, highlighting the need for
effective TOU programs globally [65]. Time-of-Use tariffs incentivize peak demand
reduction in residential customers, aiding in peak load management and efficiency, as

seen in Japan’s post-2011 power shortage [66].
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Figure 2.1: Slab-wise price elasticity

For residential and commercial users the Electricity Supply Commission (Es-
kom) of South Africa has instituted TOU tariff. The outcomes have been mixed but
generally favourable, industrial customers in particular have reacted well to the TOU
pricing, with many companies moving their activities to off-peak hours in order to re-
duce their power expenses. This has resulted to a smoother demand curve and also

helped Eskom manage its limited producing capacity properly [67].

In Brazil TOU tariffs was introduced to encourage energy conservation, and op-
timise the use of the country’s hydroelectric resources. The implementation of TOU
tariffs in Sao Paulo, saw a reduction in peak demand up to 7% allowing for better re-
source allocation and reducing the likelhood of blackouts, during periods of high de-

mand [68].

The use of TOU tariffs in developing countries has shown that it can be an ef-
fective strategy for controlling energy use and enhancing grid stability. The consump-
tion habits of these nations have altered and their energy systems are now more ef-
ficient, and peak loads have decreased. The experiences of South Africa and Brazil

are making a strong case for the broader adoption of TOU tariffs in other developing

regions.
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2.6 Effect of Time-of-Use (TOU) Tariff in South Asian Countries

The implementation of Time-of-Use tariffs in South Asian countries is a crucial
step towards increasing energy efficiency and successfully regulating peak demand
[69]. These tariff schemes are intentionally designed to persuade users to change their
energy usage habits by offering reduced prices during low-demand times and higher
rates during peak hours. Time-of-Use tariff incentivize users to shift their energy us-
age to off-peak hours [70], play an important role in balancing grid demand, lowering

strain during peak periods, and optimizing total energy utilization.

Time-of-Use (TOU) tariff has proven to be an effective approach for reducing
peak electricity demand in the residential sector around the world, especially in de-
veloped countries. The introduction of Time-of-Use tarift is especially important for
South Asian countries like India, Pakistan, and Sri Lanka which face the problems of
fulfilling rising energy consumption while aiming for sustainability. Research indi-
cates a growing trend to adopt time-of-use tariffs in conjunction with smart metering
technologies [71] to give consumers real-time information and empower them to make
more informed energy decisions. Customers gain from this combination of smart me-
tering and pricing systems not just by potentially saving money on their power bills

but also by lowering total energy use and carbon emissions.

In China, the implementation of TOU tariffs has been widely adopted across
several provinces. The results have been promising, with significant reductions in
peak electricity demand and an improved load factor. In Jiangsu Province, the intro-
duction of TOU pricing led to a 10% reduction in peak load, enhancing grid stability

and reducing the need for costly peaking power plants [72].

In the Indian region of Jharkhand, a mini-grid operator reported that the intro-
duction of a TOU tariff led farmers to use irrigation systems more during the day
when the price of electricity was lower [73]. The TOU rates are applicable in Delhi
and Maharashtra as well. To manage the rising demand during peak hours, the Delhi
Electricity Regulatory Commission (DERC) introduced TOU tariffs. Owing to this
promotion, there was an obvious shift in consumer behaviour. Many residential and
business clients are changing their consumption patterns to benefit from lower prices

during oft-peak hours. This modification has produced a more balanced load profile
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and reduced the strain on the distribution network [74].

Similarly, in Bangladesh, it is proposed by [75] that with the Time-of-Use pric-
ing approach, total electricity costs from the consumer’s point of view change slightly,
while from the utility’s perspective, considerable savings are made, especially when

the network operates close to full capacity or has a limited energy supply.

The implementation of Time-of-Use tariffs in South Asian nations may be summed
up as a proactive step towards building a more reliable, effective, and sustainable en-
ergy infrastructure. The implementation of Time-of-Use tariffs fits in with the global
move towards cleaner and more sustainable energy systems. These tariffs assist in
optimising the use of renewable energy resources and reducing dependency on fossil
fuel-based generation, therefore aiding efforts to mitigate climate change and promote

environmental sustainability.

2.7 Acceptance of Time-of-Use Tariff among Residential Consumers

Time-of-Use tariffs have the potential to significantly lower peak energy con-
sumption and save power output. Time-of-Use (TOU) rates are usually accepted by
customers; surveys suggest that a considerable proportion of respondents would pre-
fer a TOU tariff over fixed rate choices, which would reduce energy use during peak
hours. Around 70% of German customers are open to changing their demand in order

to potentially avoid investing in fossil fuel power plants [76].

TOU tariffs have been put into effect in some US states, including Arizona and
California. The research conducted by the US Department of Energy revealed con-
siderable variations across utility firms with respect to consumer acceptance and en-
gagement. In June 2021, Silicon Valley Clean Energy (SVCE) [77] and Pacific Gas
and Electric Company (PG&E) [78] implemented TOU pricing as required by the Cal-
ifornia Public Utilities Commission (CPUC) [79] across the state, and more than 75%
of Californian customers expressed satisfaction, indicating that high acceptance rates
were achieved in an environment where substantial customer education and incentives
were offered. In contrast, employing proactive communication techniques resulted in

a drop in acceptability [80].

As part of the introduction of smart meters in the UK, TOU rates have been
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presented. Most of the respondents to the Department of Energy & Climate Change
(DECC) research expressed satisfaction with TOU pricing. Customers recognised

the possibility of cost savings and modified their consumption habits appropriately.
Among homes that were environmentally sensitive and tech-savvy, the acceptance rate

was quite high [81].

In regions like Victoria (VIC) and New South Wales (NSW), Australia, the
Australian Energy Regulator (AER) widely embraces TOU rates. ABC News con-
ducted research and found that the percentage of consumers adopting TOU is on the
rise. Adoption was primarily motivated by cost savings and environmental benefits.
However, some criticism was observed among older demographics and low-income
households, perhaps because of concerns about understanding and navigating the new

pricing structure [82].

Consumer acceptance towards the Time-of-Use (TOU) tariff in Korea is anal-
ysed through preferences using conjoint analysis, revealing discrete group preferences
and segmented attitudes towards electricity tariffs [83]. Consumers in Italy showed
limited but noticeable acceptance of the Time-of-Use tariff, with some shifting con-
sumption to off-peak hours, indicating a change in user behaviour towards the new

pricing structure [84].

Japan tried to lower peak demand and improve energy efficiency by implement-
ing TOU tariffs, particularly following the Fukushima accident. A study conducted
by UK energy data analytics start-up Smart Meter Analytics Platform (SMAP) En-
ergy and Japanese energy retailer Looop collaborated on the creation of Japan’s first
smart meter-enabled Time-of-Use (TOU) tariff revealed a high degree of customer ac-
ceptability and successful implementation of this program. Strong public awareness
efforts and effective benefit explanations were the main drivers of the favourable re-

sponse [85].

Customised techniques are necessary to cater to different consumer groups, as
demonstrated by the possibility of customer preferences for TOU prices changing
based on demographic characteristics and attitudes towards the expenses of current
home power. The customer’s acceptance of TOU tariffs is largely dependent on ef-

fective marketing, education, and their perception of the pricing plan’s advantages.
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The US, Australia, Japan, and the UK are among the countries that have successfully
imposed TOU tariffs and have reported high levels of customer satisfaction and pre-
paredness to change consumption patterns. The data described above emphasises the

importance of broad consumer outreach and assistance.

2.8 Electricity Landscape of Pakistan

Throughout the years, Pakistan’s energy industry has encountered several diffi-
culties, including a persistent mismatch between supply and demand, a heavy reliance
on fossil fuels for electricity generation, and inadequate transmission and distribution
systems. The consequences of these issues includes frequent blackouts, high genera-
tion costs, and significant transmission and distribution losses. To create a more de-
pendable and sustainable energy system the energy industry must keep evolving to
meet the demands and preferences of its clients. Policies and tariff structures that are
effective must take into account the distinct needs and consumption patterns of differ-

ent consumer groups.

The electricity demand in Pakistan is driven by a range of sectors each with
unique requirements and characteristics. These sectors include the following sectors

[86]:
* Agricultural Load

Industrial Load

e Commercial Load
* Domestic Load
» Public Services

For the agriculture sector the two main uses of electricity are irrigation and oper-
ating farm equipment. Seasonal variables impact demand in this sector, with planting
and harvesting seasons seeing the highest consumption. To maximise crop yields and
ensure overall food security, the agriculture sector needs a steady supply of power.
The sector uses energy in a unique way that varies greatly depending on weather and
irrigation requirements. Pakistan’s farm sector is increasingly generating electricity

from renewable sources, including solar and wind power to save costs and reduce
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greenhouse gas emissions [87].

A major driver of the need for energy is the industrial sector. Reliable electricity
is essential for industrial facilities such as manufacturing, processing, production, and
others. Pakistan’s largest electricity consumers are the chemical, steel, cement, and
textile sectors. Efficient energy supply to this sector is critical for economic growth

[88] and competitiveness, as any disruption can lead to significant financial losses.

Commercial customers include retail stores, offices, restaurants, and hotels. This
industry needs consistent and dependable electricity to guarantee smooth operations
and customer satisfaction. The electricity usage of the commercial sector is often
more steady, with peak demand occurring during business hours in contrast with the
residential sector. The differences in consumption can be seen according to the kind

of business and whether or not energy-consuming machinery is present.

Residential customers are the largest category, accounting for a significant por-
tion of total electricity use [89]. There is a broad range of income ranges, demands,
and energy consumption patterns among the households in this sector. Residential
demand is characterised by daily and seasonal changes. Peak use often occurs in the

evenings and summer months due to cooling requirements.

Additional factors that add to the total demand for electricity are public services,
including government offices, schools, hospitals, and street lighting. For these ser-
vices to operate efficiently and deliver services, a stable electrical supply is necessary.
The demand in this sector is generally stable but can fluctuate based on specific activi-

ties or emergencies such as increased usage in hospitals during health crises.

It takes an extensive strategy to meet the various demands of different consumer
groups, one that involves promoting energy-saving practices, implementing sophisti-
cated metering infrastructure and developing appropriate tariff structures. Policymak-
ers may develop policies that optimise power usage, lower costs, and improve the sus-
tainability and dependability of the energy system by taking into account the demand

and features of each sector.

The energy sector of Pakistan face numerous challenges, that necessitate a mul-

tifaceted and inclusive approach to refrom. An energy system that is more reliable
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and efficient may be developed by comprehending the unique need of customer in the
residential, commercial, industrial, agricultural, and public service sectors. In addi-
tion, to addressing the imbalance between supply and demand this entails updating the
transmission and distribution network and lowering dependency on fossil fuel. As the
sector evolves, continuous efforts to meet the changing needs of consumers will be

essential for ensuring sustainable development and economic growth in Pakistan.

Domestic customers make up the vast majority as of June 2022, making up over
87% of all connections countrywide. Nonetheless, domestic customers continue to
be highly prevalent when it comes to sanctioned loads, accounting for around 60%
of the nation’s total sanctioned load capacity. When considering the daily peak load
situation, 28,000 MW of electricity units are requested during peak hours, and do-
mestic users account for a substantial 60% of this load. This number assumes even
more significance. The distribution of consumers across these categories is further il-
lustrated in Figure 2.2, highlighting the predominance of domestic consumers in the
electricity consumption landscape of the country [51]. The significance of having an
effective Demand Side Management (DSM) program in meeting the requirements and
consumption patterns of distinct consumer categories is emphasized by this informa-
tion. Tailored plans may be created to optimize energy use, enhance grid stability, and
promote sustainable consumption practices for all consumer categories through the
implementation of targeted DSM programs. These actions will ultimately result in a

more robust and efficient electrical infrastructure.

2.9 Shift towards Industrialization

The country’s industrial sector’s vitality is closely linked to its economic tra-
jectory. The industrial sector has relatively few customers, but the significant energy
demand it creates, as seen in figure 2.2, makes it imperative to give industries first pri-
ority when it comes to energy supply. Fostering an environment that promotes innova-
tion, higher productivity, and enhanced global competitiveness is the main goal of this
plan. The goal is to propel total economic growth to previously unheard-of levels by
assisting in the enhancement of skills, encouraging the creation of jobs, and strength-
ening participation in the international market by giving industry access to a steady

supply of energy.
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Figure 2.2: Showing the number of consumers per category and unit consumed per
category as of June 2022

On the other hand, the agricultural sector’s heavy reliance on power frequently
impedes economic progress, whereas energy use in the industrial and commercial
spheres produces significant benefits. While domestic power consumption is still
rather large, its effect on economic growth is usually quite limited [90]. This crucial
transformation from an agricultural economy to an industrial one is a transforma-
tive stage characterised by resource reallocation and a change in the country’s GDP
composition. As countries advance along this trajectory, the industrial sector’s con-
tribution to GDP starts to rise and finally peaks during the highly industrialised phase
[91]. In the meantime, the percentage of agriculture in GDP steadily declines. Con-
currently, the services sector experiences a parallel ascent, reflecting the evolving eco-
nomic landscape of developing nations and the multifaceted dynamics driving their

growth trajectory.

A number of factors, such as the availability of excess labour in agriculture,
the higher productivity and wages associated with industrial sectors, and the grow-
ing demand for services in developing societies, support the shift from agrarian-based
economies to industrialization [91]. This shift is seen in Pakistan’s GDP, where the
proportion of agriculture is falling while the industrial and services sectors are grow-

ing at a moderate rate and, most notably, expanding, respectively [91]. However,
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more research and development in the industrial sector is necessary to promote steady

economic growth and reduce unemployment.

Encouraging Pakistan’s industrial sector to get a larger portion of the country’s
power allotment might be extremely beneficial for both long-term sustainability and
economic growth. There are multiple strong arguments supporting this strategic focus,

all of which contribute to the country’s overall economic growth and prosperity.

Maximising production capacity and efficiency is primarily facilitated by pro-
viding a steady and plentiful supply of power to the industrial sector. Prosperity and
economic growth can be stimulated by increasing the industrial sector’s access to
power [92]. Uninterrupted electrical power supplies allow firms to run their opera-
tions at maximum efficiency, increase output, and satisfy expanding consumer needs
by powering industrial machinery and other activities [93]. Not only does this increase
in industrial activity promote economic growth, but it also starts a domino effect of

favourable effects that spread across the whole economy.

Large-scale employment growth is one of the most obvious advantages of a
growing manufacturing sector. The industrial sector in Pakistan has produced almost
2.5 million jobs in just the last three years alone [94], highlighting its critical role in
reducing unemployment and promoting socioeconomic development. Moreover, in-
dustrial expansion has a multiplier effect that promotes growth in auxiliary industries

and raises general prosperity in addition to directly producing jobs [95].

Improving Pakistan’s industrial efficiency with a sufficient supply of power
increases its competitiveness internationally [96]. The country may lessen its de-
pendency on conventional farming methods and take advantage of the potential for
value-added manufacturing by fostering a strong industrial foundation. Industries are
positioned as dependable and powerful participants in international commerce when
they are able to reliably satisfy demand on a global scale thanks to a stable energy
infrastructure [97]. This diversification promotes innovation, attracts international
investment, and propels export-led growth for Pakistan while also strengthening its

resilience to external shocks [98].

Additionally, putting industrial electricity demands first means funding infras-

23



tructural development at the same time [99]. These expenditures go beyond improve-
ments to the electricity grid and include more national infrastructure projects, includ-
ing communication technology, logistics systems, and transportation networks [99]. In
addition to promoting industrial expansion, these infrastructural improvements create

the foundation for further socioeconomic advancement and wealth.

Technological innovation and manufacturing process developments are catal-
ysed by the introduction of electricity into the industrial sector [100]. Industries may
promote innovation, increase productivity, make the best use of resources, and cre-
ate innovative technologies that have a positive impact on many different areas of the
economy. Economic progress depends heavily on industrial expansion, but attempts
are being made to strike a balance between industrial growth and environmental re-
sponsibility [101]. Initiatives aimed at promoting energy efficiency, reducing emis-
sions, and investing in sustainable practices ensure that industrial expansion occurs in
harmony with environmental conservation efforts, safeguarding natural resources, and
mitigating ecological impacts. Industrial companies have the potential to reduce their
environmental impact, decrease carbon emissions, and contribute to climate mitigation
goals by using energy-efficient technology and integrating renewable energy sources
[102]. Aside from being in line with international sustainability imperatives, this tran-
sition towards sustainable industry also strengthens national resilience to the effects of

climate change and promotes sustainability.

Diversifying the economy by placing greater emphasis on the industrial sector
reduces dependency on a narrow range of sectors, enhancing economic resilience and
stability over the long term [103]. Pakistan may steer towards long-term economic
progress, prosperity, and socio-economic development for its people by embracing in-
dustrial expansion and giving energy supply top priority in this vital sector. Moreover,
social programs, healthcare projects, and educational attempts may be supported by
the money made by a strong industrial sector [101]. Reinvesting in social welfare and
human capital improves people’s quality of life and promotes equitable development

for all societal sectors.

Analyzing the data reveals that the textile industry is a key component of Pak-

istan’s economy and exerts a significant impact for several reasons. To simplify, this
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industry has a substantial economic impact as it accounts for about 8.5% of our total
Gross Domestic Product (GDP) [104]. It also forms a cornerstone of our export indus-
try, accounting for over 60% of the nation’s export earnings [104]. Still, its influence
goes beyond simple economic data; the textile industry is a powerful employer, sup-
porting over 40% of the labour force, or about 19 million people [104]. This demon-
strates the critical role that this industry plays in fostering economic expansion as well
as supporting job opportunities and means of subsistence for millions of Pakistanis.
As aresult, it is clear that the textile business is about more than simply making fab-
rics; it supports our whole economy and provides a living wage for a large number of
people [104]. And it is not just the textile sector; numerous other industries wield sim-
ilar influence, further solidifying their collective importance in driving the economic

engine of Pakistan forward.

According to the statistics for 2022, there is a noticeable balance in the amount
of power consumed by the industrial and residential sectors. Half of the units sold
were to domestic users, while the remaining 26% went to the industrial sector. Even
with this disparity in spending, the income produced reveals otherwise. The income
stream was primarily contributed to by domestic customers, who made up Rs. 970,531
million, and industrial consumers, who made up Rs. 793,823 million, were not far

behind.

What is interesting here is the discrepancy between consumption volume and
revenue generation. Although the industrial sector consumed nearly as much electric-
ity as domestic consumers, their share of revenue billed was slightly lower at 32%,
while domestic consumers’ contribution stood at 39%. This finding emphasises how

important the industrial sector is to distribution businesses’ ability to generate income.

The economic landscape depicted in the Pakistan Economic Survey 2022-23 re-
veals a concerning trend, with a mere 0.29% increase in GDP signalling a significant
decline. This downturn is symptomatic of various underlying challenges, including di-
minished industrial output, limited infrastructure investments, and a noticeable slow-
down in commercial activities, as underscored in the State of Industry Report 2023

[17].

The Prime Minister of Pakistan has issued directions via the Task Management
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System to all Distribution Companies (DISCOs), directing them to prioritise the sup-
ply of energy to commercial and industrial organisations in light of current economic
challenges [105]. The acknowledgement of the critical role that the industrial and
commercial sectors play in promoting economic growth and stability is highlighted

by this strategic change in emphasis.

However, amid efforts to bolster industrial and commercial electricity supply,
DISCOs continue to grapple with the pervasive challenge of circular debt, which has
ballooned to a staggering Rs. 2,309,997.36 million for the fiscal year 2022-23. This
mounting debt load is made worse by structural problems, including low bill recovery
and high theft losses, which are mostly seen in the home sector. Given these difficul-
ties, it would be wise to strategically shift the electrical demand from the residential
to the commercial sector. This would solve the issue of income generation and maybe

lessen the pressure on the financial stability of DISCOs.

It is also important to stress that the welfare of domestic users is not compro-
mised in order to pursue this effort. Instead, it is about allocating energy in a way that
results in a harmonic balance and appropriately addresses both industrial progress and
public welfare. Large-scale expenditures in contemporary infrastructure, such as im-
provements to the electric grid and the deployment of renewable energy initiatives, are
essential to this resolution. With an eye on protecting the welfare of our population,
these investments are designed to effectively satisfy the energy needs of the industrial

and residential sectors.

2.10 Problems for Policymakers

The fact that single-phase connections account for roughly 99% of all residential
consumer connections [106] presents a substantial challenge to legislators. This is a
significant difficulty because Time-of-Use pricing for these connections cannot be
implemented due to limitations in the current infrastructure. It is imperative that this

issue be addressed, and this study is centred on it.

Moreover, the effectiveness of current Time-of-Use metering systems in influ-
encing load patterns is questionable, particularly given the substantial variability ob-

served in consumption patterns throughout the day and across different seasons. For
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instance, an analysis of peak loads recorded in June 2023 sheds light on the dynamic
nature of consumption behaviours. The findings, detailed in figure 2.3, reveal a sig-
nificant degree of fluctuation in both the peak load values and the corresponding times
at which they occur. Figure 2.3 presents a summary of these findings, highlighting

the diverse array of factors that contribute to the fluctuating consumption patterns ob-

served among consumers.
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Figure 2.3: Peak demand and time of the day when peak demand hit for June 2023.

Through a thorough examination of peak load dynamics and consumption pat-
terns, this research seeks to offer answers and insights to the current problems associ-
ated with the introduction of Time-of-Use tariffs. By carefully analysing these prob-
lems, decision-makers and interested parties may come up with plans that not only
get around the present problems but also open the door for more fair and successful

energy management techniques in the domestic sector.
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CHAPTER 3: METHODOLOGY

The current tariff policy does not encourage consumers to use electricity effi-
ciently. Therefore, there is a need for a tariff scheme that will motivate consumers to
do demand-side management. The proposed tariff structure is a Time-of-Use (TOU)
for the domestic consumers of Pakistan. This tariff model charges consumers differ-
ently in different time slots of the day. The proposed tariff structure is for peak hours
of the day, generally assumed from 5 p.m. to 10 p.m. in Pakistan. The aim of this pro-
posed approach is to reduce demand during peak hours, thereby minimizing the need
to operate high-cost generators. During off-peak hours, more economical generators
may not be fully utilized due to low demand. By reducing demand during peak hours,
the goal is to redistribute the load to off-peak hours. This will allow the full utilization

of more cost-effective generators.

Figure 3.1 summarises the research methodology in the form of a block dia-
gram. The details of the research methodology adopted for this study are mentioned
in the coming paragraphs. The main steps carried out to perform this research include
data collection, data cleaning, data analysis, clustering the dataset, designing the tariff
formula based on income and price elasticity, and checking the effect of the proposed

tariff using a machine learning prediction algorithm.

3.1 Data Acquisition and Cleaning Process

I began gathering data for this study in its early stages. The National Electric
Power Regulatory Authority (NEPRA) provided a dataset that includes data for the
2020, 2021, and 2022 fiscal years. This data needed to be carefully cleaned and anal-
ysed in order for me to identify the important metrics. These comprised how many
consumers were in each consumption slab, how much energy was consumed in each

slab, and the tariff rates that corresponded to each slab.

Following this initial data collection, I turned my attention to the PRECON
dataset [107]. The PRECON dataset offers detailed information on home power us-
age trends annually. This dataset turned out to be yet another important component.

By carefully examining the data, I was able to determine the crucial minimum con-
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sumption limit. This cap denotes the minimal amount of electricity that is considered
needed for the average home. We can create a baseline for each household’s mini-
mal consumption criterion by examining this dataset. This cutoff point is critical to
comprehending the basic electrical requirements of homes, and it is especially perti-
nent when considering the maintenance of a steady power supply. In order to establish
the minimum critical load, the average load of the uninterrupted power supply (UPS)
for each household using this dataset was analysed and computed. This process en-
tails a great deal of analysis and computation in order to accurately represent the typ-
ical consumption patterns of households. After computing the average load for each
household, the overall average of these values was computed, which functions as the
minimum critical limit of the load and offers important insights into the essential elec-

tricity requirements of households.

Following these procedures, a survey method was used in this study to inves-
tigate the connection between different income ranges and certain patterns of en-
ergy usage. There were thirteen questions in the survey, all of which were intended
to provide thorough insights into different facets of the topic. The survey questions
were obtained from these sources: [108], [109], [110], [111], [112], [113], [114], and
[115]. Our dataset started out with 140 items. Using [116], the sample size was 139,
where the population is 28,298,657, the margin of error is 7% and the confidence level
is 90%, which shows that 140 entries are enough to carry out this study. However,
the ideal scenario would have involved a larger, more representative sample; due to
limited resources and time constraints, the survey was limited to 140 respondents.
We aimed to increase the size of our dataset in recognition of this restriction and in
an effort to strengthen the validity of our conclusions. In order to do this, we added
5,000 additional data points from a local distribution company. This addition greatly
strengthened our dataset, yielding a combined dataset of 5140 items. Table 3.1 is a

detailed overview of the survey questions.

Subsequently, the data was cleaned to ensure its integrity and reliability. This
involved removing entries with missing electricity bill images, excluding those with
monthly consumption below 20 kWh, and removing duplicate entries. Following the

data cleaning procedures, out of the 5140 entries, only 4,765 were retained as cleaned
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Table 3.1: Survey questions

Questions Options

What is your monthly household income (in PKR)? Less than 40,000
40,000 to 70,000
70,000 to 100,000
100,000 to 150,000

150,000 to 200,000
More than 200,000
Which region your house is located in: Urban/Rural
Total members of your house (open-ended)
How many rooms do you have? (open-ended)
How many ACs do you have in the house? (open-ended)
How many TVs do you have in the house? (open-ended)

How many microwave ovens do you have in the house? | (open-ended)
What were your electricity units consumed last month? | (open-ended)
Does an increase in the price of electricity reduce your | Yes/ No/ Not Sure
electricity consumption?
Do you have an idea of high pricing time (5 pm to 10 Yes/ No
pm generally)?
Do you reduce your consumption in high pricing time? | Yes/ No

What is the highest education level in your household? | No formal education
Primary school
Secondary school
High school
Bachelor’s degree or
Higher

Kindly upload a picture of your electricity bill (open-ended)

data for further analysis. These 4,765 entries were used to represent the domestic con-
sumers, and this data is named “Representative Dataset of Domestic Consumers of

Pakistan”, shortened to the term “representative dataset” in this paper.

We wanted to be sure that our study would produce precise and trustworthy in-
sights into the relationship between customer energy usage habits and income ranges;

therefore, we took great care in gathering and cleaning our data.

3.2 Clustering Dataset

The principal objective of this stage was to apply clustering algorithms to en-
hance the dataset that was supplied by Engr. Kashif Janjua, which was deficient in
important income-level information. Finding discrete groupings within a dataset that

have comparable traits or patterns is possible through the use of cluster analysis [117].
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Different clustering techniques have been created over time by researchers, each with
unique uses and capabilities [118]. Because of its ease of use and computational effec-
tiveness, K-means clustering is a well-liked option among these techniques [119]. To
get valuable insights into patterns of consumer activity, we decided to cluster the com-
bined dataset in this research project using the K-means method. K-means clustering
is one of the most frequently used machine learning algorithms due to its simplicity
and computational efficiency, making it a popular method of solving clustering dif-
ficulties in psychological and other fields [120]. This algorithm splits the data into

identical clusters based on their feature similarities [121].

We divided similar feature-wise quality into homogeneous groups by similar-
ity in characteristics using the K-means technique. We classified customers based on
income-related patterns that gave us insights into customer behaviour. In the Python
environment, we used the K-means clustering method where all these resources are
provided by Scikit-learn [122]. In order to gain a better understanding of cluster out-

comes we also used Matplotlib packages [123] for data visualization.
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Figure 3.2: Clustering output

Figure 3.2 illustrates the output of the K-means clustering process. Data points
from the local bills dataset (which does not contain income information) are repre-
sented by grey dots in this image. The remaining entries indicate entries with income-

level information. We were successfully able to divide the data points into ten groups
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with 2 or more income-range information data points per cluster utilizing our cluster-

ing technique.

Remember too that many entries in every cluster had no income range infor-
mation. We got around that issue by using a slightly more sophisticated method to
infer income ranges among these entries. More specifically, we used the proportion of
observed income range categories within a specific cluster to construct a probability
distribution from which we stochastically assigned income ranges. Considering that
our dataset is a long-term one and thus we should maintain its representativeness for
the sake of any future research, this method was used to enhance the generalizability

after testing our findings. This is how the income ranges are allocated:

NSunknown income — Wknoum income X Nunknown income (3 1)

N
Wknown income — — 5 (32)

Nknown income

N Sunknown income denotes the number of entries corresponding to a specific in-
come range within the cluster of unknown income entries, while Wi,0un income S1gni-
fies the weightage assigned to known specific income ranges within the same cluster.
Additionally, N,known income Stands for the total count of entries pertaining to un-
known income ranges in the cluster, and Ny,0un income represents the total number of
entries associated with known income ranges within the cluster. Lastly, Ng represents
the total count of entries for a specific income range within the known income ranges

in the cluster.

For instance, let’s consider cluster label 9, which comprises a total of 44 entries,

out of which 11 contain income range information, distributed as follows:
6 entries fall within the income bracket of 40,000 to 70,000
* 3 entries lie within the income range of 70,000 to 100,000
* 2 entries are categorized under the income bracket of 150,000 to 200,000.

It is clear from this data analysis that the weights assigned to each income cat-
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egory are derived from the percentage of entries in each cluster. For example, the
weighting of the income range of 40,000 to 70,000 is computed as follows: 6 divided
by 11 yields a weighting of around 0.5454. Similarly, the weightage for the 70,000
to 100,000 bracket is computed as 3 divided by 11, yielding a weightage of approxi-
mately 0.2727. Likewise, the weightage for the 150,000 to 200,000 income range is

determined as 2 divided by 11, resulting in a weightage of approximately 0.1818.

Utilising these weightages, the allocation of income ranges for the remaining
33 entries within cluster label 9 is facilitated. Out of these 33 entries lacking income
information, 18 entries are randomly assigned to the 40,000 to 70,000 income bracket,
9 entries are allocated to the 70,000 to 100,000 bracket, and 6 entries are designated
for the 150,000 to 200,000 income range.

This method enhances the data transparency and provides more confidence on
the dataset accuracy for further analysis and decision making through fair income
range representation with in the cluster. In these datasets I have sourced a lot of infor-
mation, and by working through them I have set myself up to go further. Information
from NEPRA data, accompanied by the important minimum consumption limit deter-
mined by means of the PRECON dataset contrasted to info on consumer income from

a survey will form the starting point for this sequent stage of the elucidation.

3.3 Proposed Solution

Customers are not encouraged to use electricity effectively by the present tar-
iff policy, which emphasizes the need for a more successful program that encourages
demand-side management. Time-of-Use (TOU), a new tariff structure for Pakistani
domestic users, is suggested as a solution to this problem. This strategy, which tries
to divert consumption from peak hours, bills customers at varying rates based on the
time of day, as explained in the introduction. The new rate specifically targets Pak-
istan’s peak hours, which are often from 5 to 10 p.m. Reducing demand during these
periods of high consumption is the goal in order to lessen the need for costly genera-

tors.

During off-peak hours, when demand is lower, more economical generators are

often underutilized. By incentivizing consumers to shift their electricity use to these
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periods, the proposed tariff structure aims to optimize the use of cost-effective genera-
tors, reducing overall generation costs. This approach makes the energy system more
reliable and efficient, in addition to aiding in load balancing more successfully. En-
couraging off-peak use can result in a more even distribution of the demand for power
throughout the day, which can reduce grid stress during peak hours and improve sup-

ply dependability.

Furthermore, there may be wider economic advantages to this tariff regime.
Reduced operational dependency on expensive generators might result in large cost
savings that could be transferred to customers, promoting a more sustainable and fi-
nancially feasible energy market. It also conforms to international energy manage-
ment best practices, where demand control and increased energy efficiency have been
achieved via the effective application of dynamic pricing models. A positive step to-
wards modernizing Pakistan’s electrical industry, encouraging energy savings, and
guaranteeing that customers take a more active role in controlling their electricity use
is the move to a TOU rate structure. By reducing demand spikes and building a more
flexible and robust energy system, this strategy can also aid in the integration of re-

newable energy sources.

The current tariff structure includes variable and fixed costs of generation, trans-
mission charges, distribution charges, and market operator fees. These components are
calculated by the National Electric Power Regulatory Authority (NEPRA) to ensure
that the electricity providers can cover their expenses and achieve a reasonable return
on their investments. The proposed tariff consists of two parts, where the first part is
the current tariff and the second is the additional tariff termed X factor. The main ob-
jective of this study is to find this X factor, which will be integral to achieving a more

efficient and equitable tariff system.

In addition to these fundamental costs, the X factor is introduced as a dynamic
element designed to incentivize more efficient electricity consumption patterns among
consumers. The purpose of the X factor is to reflect the marginal cost of supplying
electricity during peak demand periods, thereby encouraging consumers to shift their
usage to off-peak times. This not only helps in reducing the overall demand during

peak hours but also maximizes the utilization of more economical generators during
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off-peak periods.

During peak hours, which typically run from 5:00 p.m. to 10:00 p.m., the rate
will add this X factor on top of the standard residential electricity cost. It is designed
to curb consumption while the grid is under the highest demand, as a way of reduc-
ing pressure on the electricity supply system and hence cutting costs by avoiding the

activation of expensive peak-time generators.

The proposed model endeavours to create a more flexible and responsive pricing
structure using the X factor that can respond according to the high-distorted electricity
market demand. This in return fits the objectives of demand-side management, lead-
ing to a fairer and healthier electricity consumption behaviour. Additionally, it aligns
with global best practices in energy management, where similar dynamic pricing mod-
els have been effectively implemented to manage peak demand and improve overall

grid stability.

The introduction of the X factor not only supports efficient energy use but also
contributes to broader economic objectives by potentially lowering operational costs
and enhancing the financial viability of electricity providers. This dual-component
tariff structure represents a significant step forward in modernizing Pakistan’s electric-
ity market, fostering greater consumer engagement, and ensuring a more reliable and

cost-effective energy supply. The proposed tariff formula is defined by the equation 3.

New Tarif f = Current Tarif f + X factor (3.3)

A correlation between the price and demand of power has been established
through historical data analysis in order to identify the X factor. As was previously
said, the fundamental principle is that demand is often negatively correlated with
price. On the other hand, this connection is marginally inelastic in the context of total
power use, meaning that changes in price lead to very tiny changes in demand. Be-
cause power is a necessary good, customers’ ability to modify their consumption in
reaction to price variations is limited, making the inelasticity in the electricity market

especially noticeable.

Research findings from sources [124] and [125] have demonstrated that in de-
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veloping countries, the dynamics of electricity consumption are significantly more
influenced by fluctuations in income over an extended period than by variations in
price. To be more precise, there is a direct correlation between rising income ranges
and rising power consumption while falling income ranges tend to result in falling
electricity demand. This correlation demonstrates how important income is in dictat-

ing consumption habits.

Further supporting this perspective, an article [111] provides a detailed analysis,
presenting coefficients of 0.8 and 0.17 for income and price, respectively. Accord-
ing to these coefficients, income has a greater impact on electricity consumption than
price fluctuations. This indicates that price changes do have an impact on demand,
but it is far less important than income variations. There is a strong positive correla-
tion between income and electricity demand, meaning that there is a significant rise
in power consumption for the increase in income. In contrast, the coefficient of 0.17
for the price implies a much weaker negative correlation, indicating that price changes

have a relatively minor impact on consumption behaviour.

In light of this, household income is included as a critical component in the
suggested tariff model. To better represent the factors influencing energy usage, the
model takes income into account in addition to price. This method suggests that, al-
though price elasticity plays a significant role, income elasticity has a higher influence

on the formation of long-term spending patterns.

Taking income into consideration while creating the tariff allows for a more
complex and effective pricing approach. By keeping the tariff structure adjusted for
both past and future variations in electricity prices, which affect consumer behaviour,
it ensures compatibility. The inclusion of income and price elasticity in the tariff
model makes it more equitable and realistic in its representation of the variables that
genuinely influence consumption. It provides an excellent basis for determining the X

factor as well.

The end result of this Tariff design incorporating ideas from these findings will
in the interest to ensure consistent efficient energy use practice while respecting the
economic burden struggling households face. By judiciously linking the tariff struc-

ture with income data, this creates a just and efficient tariff system that both incen-
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tivises sustainable electricity use and provides overall economic stability. The X fac-

tor is now divided into the following two additional parts:

X factor = F; + F, (3.4)

The factors influencing the demand in equation 4 are represented by F; for in-
come and F, for price. Electricity consumption tends to grow when household income
rises and vice versa, as indicated by the income factor F;, which measures the impact
of changes in income ranges on demand. Alternatively, the price factor F, gauges
how sensitive demand is to fluctuations in electricity rates, illustrating the idea that,
while to a lesser extent than changes in income, higher costs usually translate into
lower consumption. By including these variables in the formula, demand dynamics
may be thoroughly examined, leading to a more realistic and accurate model for esti-

mating electricity consumption depending on the state of the economy.

According to the Household Integrated Economic Survey by the Pakistan Bu-
reau of Statistics [126], households on average spend 13.6% of their income on elec-

tricity. The income ranges relevant to this expenditure are detailed in table 3.2.

Table 3.2: Categorization of average monthly income into different ranges

Sr. Income Ranges income range | 13.6% of | 20% of
No (Rs) i, (Rs) i (Rs) i (Rs)

1 Less than or Equal to Rs 40,000 40,000 5,440 8,000

2 Rs 40,000 to Rs 70,000 55,000 7,480 11,000
3 Rs 70,000 to Rs 100,000 85,000 11,560 17,000
4 Rs 100,000 to Rs 150,000 125,000 17,000 25,000
5 Rs 150,000 to Rs 200,000 175,000 23,800 35,000

Households regularly set aside 13.6% of their monthly income for power costs,
according to historical statistics. Expanding on this knowledge, it makes sense to be-
lieve that customers will not spend more than this amount. A 20% income barrier is
suggested, which is a value judged outside the affordable range of customers, in order
to set peak-hour power costs that exceed their financial restrictions. The reason for
choosing this 20% benchmark is that it roughly corresponds to 13.6% of the income
group above it. For example, 20% of Rs 85,000 and 13.6% of Rs 125,000 represent

Rs 17,000, as shown in Table 3.2. Since, historically, consumers do not spend more
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than 13.6% of their income on electricity, setting the electricity cost at this level is ex-
pected to push consumers towards reduced consumption during peak hours. Equation
5, which captures the affordability principle in the construction of the tarift system,

formalizes this idea.

_ Current Tarif f
~ 13.6% of income

a x 20% of income (3.9

In equation 5, o will tell that how much a tariff should be for consumers to
spend 20% of their income. Let w; be the weightage of the income affecting demand.

The equation for the income factor affecting demand is mentioned in equation 6.

Fi =w; X (o« — Current Tarif f) (3.6)

From the data notified by NEPRA, an average percentage change in tariff and

demand is computed by equations (7) and (8), respectively.

average percentage change in tarif f =

o022 Toga]—T (3.7)
(s < 100+ cZeamem s, < 100)
2
average percentage change in demand =
(3.8)

D —D D —D
(s x 100) + (Rl x 100)
2

m; and D; are uniform electricity prices and demands for ith year, where 1 is
2020, 2021, and 2022. Let 3 be the percentage change in tariff for each slab reduc-
ing 1% of demand defined by equation (9) and represents the second column in Table

?? named “Tariff Increment”.

g = average percentage change in tarif f (3.9)
 average percentage change in demand '
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For F,, let us assume that w, is the weightage of the electricity prices affecting
demand, and £ is the factor of price for each slab that is affecting demand. Therefore,

the equation for the price factor affecting demand is mentioned in equation 10.

F, = {wp X ((1+%)+0urr6nt Tam'ff)} (3.10)

The variable 3, representing the increment in price, is concisely summarised in

table 4.2, with the second column explicitly denoting its variations.

Substituting equations 6 and 10 in equation 4 results in the equation 11:

X factor = [w; X (a« — Current Tarif f)]

5 3.11)
- {wp X ((1 + ﬁ) + Current Tam'ff)}
Substituting equation 11 in equation 3:
New Tarif f = Current Tarif f + [w; x (o — Current Tarif f)]
(3.12)

+ [wp X ((1 + 15%) + Current Tariff)]

Equation 12 is the final proposed equation that will be used to calculate the tariff

during peak hours.

3.4 Hypothetical Case Study

Let us demonstrate the usefulness of the suggested equation with a real-world
scenario. Let us consider a home that typically uses 215 kWh of power and has an
income between 100,000 and 150,000 PKR. As of right now, the unit rate for this
amount of use is Rs. 25.33 [51]. Let us now designate particular values for our vari-

ables:

w; =0.8, a=Rs. 37.25, w, =0.17,and 5 = 4.8.
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Equation 12 is substituted with these values, and a new tariff of Rs. 39.38 is
calculated. This revised tariff structure will apply to the consumer between the hours
of 5 and 10 p.m. (peak hours) and Rs. 25.33 (off-peak hours). The example above
demonstrates the practical application of our proposed pricing model, which seeks to
align consumer spending with income ranges during peak power use. By striking a
balance between revenue production and customer affordability, we want to establish

a stable and equitable energy market in Pakistan through targeted rate increases.
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CHAPTER 4: RESULTS AND DISCUSSION

4.1 Assigning Boundaries of Electricity Consumption against income ranges

From the survey data, the consumption of different income ranges and their den-

sity is plotted in figure 4.1.

Using figure 4.1, brackets of consumption are set for each income range, which
is mentioned in table 4.1:

Table 4.1: Monthly assigned consumption against each income range

Monthly Income Range (Rs) Monthly Consumption Boundaries
Min (kWh) Max (kWh)

Less than or Equal to Rs 40,000 0.0 147.0

Rs 40,000 to Rs 70,000 147.0 171.0

Rs 70,000 to Rs 100,000 171.0 182.5

Rs 100,000 to Rs 150,000 182.5 223.0

Rs 150,000 to Rs 200,000 223.0 959.0

From figure 4.1, it can be seen that there is mostly no defined boundary for each
income range. To obtain table 4.1, equation 1 is used.

Mid, — % (4.1)

1; represents the mean consumption for the i income range, and ;4 repre-
sents the mean consumption for the (i + 1) income range. Mid; represents the mid-
point between the mean consumption of the i" and (i + 1)™ income ranges. This mid-
point serves as the upper limit for u; (lower-end income range) and the lower limit for

i1 (higher-end income range).

For example, for the income range less than or equal to Rs. 40,000, the mean
point is 130.1663 kWh, and for Rs. 40,000 to Rs. 70,000, the mean point is 164.5183
kWh.

Therefore, ;1; = 130.1663 and ;1 = 164.5183. Putting these values into the

equation 1.

Mid; = (130.1663)—5(164.5183) _ 294.26846 — 147.3423
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Figure 4.1: Frequency graph of electricity consumption for users having a monthly
income range of a) less than or equal to Rs 40,000. b) Rs 40,000 to Rs 70,000. c) Rs
70,000 to Rs 100,000. d) Rs 100,000 to Rs 150,000. e) Rs 150,000 to Rs 200,000

The midpoint is 147.3423 kWh, or approximately 147 kWh. This is the upper

limit of lower-end income that is equal to or less than Rs. 40,000 and the lower limit

of Rs. 40,000 and Rs. 70,000. The remaining income ranges go through the same pro-

cess in a similar manner.
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4.2 Relationship between Demand and Price according to NEPRA Data

The analysis of the historical data obtained from the NEPRA table 4.2 is created.

In table 4.2, it can be seen that the price of every slab is affecting demand.

Table 4.2: Percentage reduction in demand by increasing price

Slabs Demand Reduction | Tariff Increment,
(kWh) (%) (%)
Under 50 1% 13.0%
0-100 1% 1.18%
101-200 1% 1.23%
201-300 1% 1.48%
301-400 1% 1.77%
401-500 1% 1.77%
501-600 1% 1.77%
601-700 1% 1.77%
Above 700 1% 3.83%

Table 4.2 reveals that the required price increase varies significantly depending
on the consumption level. A significant price increase of 13% is required for low-use
slabs (less than 50 kWh) in order to persuade customers to cut their usage by just 1%.
This implies that these users may require electricity to run basic appliances that are

hard to reduce.

A similar pattern emerges in the 101-200 kWh and 201-300 kWh slabs. Here,
price increases of 1.2% and 4.8%, respectively, are required for a 1% demand reduc-

tion.

On the other hand, the slabs with 301-700 kWh and 700 kWh and above show
a lower price rise (around 1.8%) for the same 1% decrease in demand. This may point
to a slightly more price-sensitive population, even if they are still inelastic. These cus-
tomers could be able to purchase energy-saving products or utilize power for more

discretionary purposes.

4.3 Proposed Tariff Rates for Each Slab

After getting table 4.1 and table 4.2, values are substituted in the proposed tariff
equation 12. The new tariff, as derived from the proposed formula, is outlined in table

4.3. It is divided by the same slabs that are implemented now. Two tariffs are set for
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each consumption slab: a lower charge for non-peak hours and a higher rate for peak
hours. Prices during off-peak hours start at Rs. 22.46/kWh for the lowest consumption
tier (0-100 kWh) and go up to Rs. 30.3/kWh for usage exceeding 700 kWh. Prices are
higher during peak hours; for instance, they go from Rs. 34.93/kWh to Rs. 47.51/kWh
across the relevant use categories. This dual-tier tariff structure aims to promote en-

ergy conservation during peak hours by charging a lower rate during off-peak hours.

Table 4.3: Proposed tariff for peak hours

Slabs Current Tariff Proposed Tariff
(kWh) (Rs/kWh) (Rs/kWh)
For All Hours | Off-Peak Hours | Peak Hours

000-100 22.46 22.46 34.78
101-200 24.85 24.85 38.48
201-300 25.33 25.33 39.38
301-400 26.33 26.33 40.80
401-500 26.82 26.82 41.56
501-600 27.81 27.81 43.09
601-700 28.97 28.97 44.89
Above 700 30.30 30.30 47.06

4.4 Expected Results of Proposed Model

Analysis of the data shows that when the new tariff structure was put into place,
there were significant declines in consumer demand. The first monthly usage figure
for all 4765 users was 782043.6154 kWh. On the other hand, the anticipated monthly
total consumption for the same customer base will drop to 770889.7493 kWh under
the new pricing. It is imperative to take into account the critical load limit determined
by the PRECON dataset [107], which is approximately equivalent to 106 kWh. This
critical limit signifies the threshold below which consumers are unlikely to reduce
their consumption further. The revised anticipated total monthly consumption for the
4765 users is therefore modified to 772271.1526 kWh in order to account for this re-
striction. The little predicted drop beyond the critical load limit is taken into account
by this change. The difference in demand between the two cases is 9772.462825 kWh,
which suggests a considerable decrease in total consumption. Each household is ex-
pected to reduce its monthly energy use by around 2.053038409 kWh on average. The
household with a monthly usage of 959 kWh shows the largest drop, with a predicted
decline to 938.139035 kWh, or a 20.86096504 kWh decrease. These results demon-
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strate the effectiveness of the new pricing structure in encouraging customers to use

less energy, even if the impact varies depending on the consumption group.

A dataset covering unit consumption and tariff details for each slab, covering the

years FY 2022, FY 2021, and FY 2020, was subjected to a linear regression analysis.

The available data was used to train this model, which allowed for the prediction of

new consumption levels based on the suggested tariff structure. Table 4.4 presents a

summary of the analysis’s conclusions.

Table 4.4: Predicted overall load of all slabs

Slabs Demand in Predicted Reduction in Percentage
(kWh) 2022 (GWh) | Demand (GWh) | Demand (GWh) | Reduction (%)
A B C=A-B D = (C/A)x100
000-100 5,199.89 5,199.89 0 0
101-200 6,768.72 7,221.60 -452.89 -6.69
201-300 11,150.62 10,651.82 498.80 4.47
301-400 4,316.86 3,811.24 505.62 11.71
401-500 1,932.82 1,696.92 236.53 12.24
501-600 1,045.10 935.88 109.21 10.45
601-700 547.14 491.87 55.27 10.10
Above 700 780.01 731.67 48.33 6.20
Total 31,741.16 30,740.26 1,000.89 3.15

The objective of this investigation was to evaluate how well the suggested tariff

structure will affect customer demand and maximise energy sector income collec-

tion. Policymakers may make educated judgements about tariff adjustments to achieve

desired results in terms of revenue stability and consumption control by employing

predictive modelling and extrapolating from past data.

Consumption inside the 101-200 slab deviated from predicted patterns and ex-

hibited an unexpected increase. This abnormality demands more investigation to de-

termine the underlying causes of this change. A potential reason may be a shift in the

customer base from higher usage tiers to this range, which might be impacted by mod-
ifications made to the price structure. This theory is further supported by the study of
historical data, which points to a relationship between price adjustments and customer
behaviour. Historical data also shows that a decrease in customers has been seen in
high-end slabs, whereas a rise in users has been seen in this slab. Table 4.5 provides

the number of customers for each slab for the years FY2020, FY2021, and FY2022.
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Table 4.5: Percentage of number of consumers for different slabs

Slabs Percentage of Consumers

(kWh) FY 2020 (%) | FY 2021 (%) | FY 2022 (%)
000-100 7.09 7.34 8.61
101-200 9.25 9.98 11.21
201-300 22.65 21.61 18.46
301-400 10.43 9.19 7.15
401-500 10.43 4.20 3.20
501-600 2.53 2.23 1.73
601-700 1.34 1.18 0.91
Above 700 1.67 1.55 1.29

It can be clearly seen in table 4.5 that an increase in the number of consumers
is observed in the slabs of 0-100 and 101-200; the rest of the slabs are experiencing a
reduction. It can be inferred from this information that some high-end consumers have

reduced their consumption over time due to an increase in electricity prices.

Nevertheless, except for this one observation, the entire study shows a promis-
ing direction. Although there is an exception in the 101-200 slab, the overall trend
points to a positive outlook. Forecasts indicate a consistent yearly decline in load of
3.15%, which translates into a significant reduction in energy usage of 1000.89 GWh.
This encouraging pattern highlights how well the suggested pricing structure works to

encourage demand control and energy savings.

Looking ahead, it is essential to delve deeper into the specific drivers behind the
observed increase in consumption within the 101-200 slab. By understanding these
dynamics more comprehensively, policymakers and stakeholders can refine strategies
to optimise the tariff structure further and enhance its efficacy in achieving energy

efficiency goals.

The proposed price structure seeks to encourage customers to modify their us-
age patterns in order to achieve this goal, especially by moving activities to off-peak
hours. The purpose of this project is also to make money in order to fund important
projects related to the production of energy. The tariff structure aims to achieve equi-
librium between the objectives of sustainable energy management and customer inter-

ests by harmonizing these two goals.

As a result, even if there is an unexpected rise in consumption within the 101—
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200 slab, the general trend indicates that efforts to meet energy efficiency objectives
are making progress. This emphasizes how crucial it is to keep an eye on the tariff
structure and make necessary adjustments to guarantee that it continues to encourage

the use of renewable energy sources.

4.5 Regulatory Policy Recommendations

Developing a comprehensive regulatory framework, which will be called the
”National Demand-Side Management program,” is a prerequisite for formulating a
policy at the national level to support demand-side management. The main objective
of this policy is to reduce energy consumption during peak hours and improve grid
stability. It is specifically designed to encourage and reward demand-side manage-
ment measures among customers. Some of the essential elements of the regulatory

policy are outlined below:

During off-peak hours, the current tariff calculation standards will be followed,
guaranteeing uniformity and openness in pricing procedures. The determination of
electricity tariffs is based on a range of factors, including but not limited to market

circumstances, regulatory regulations, and generation costs.

Equation 2 will be used to calculate electricity tariffs during on-peak hours,
guaranteeing that the pricing appropriately reflects supply and demand dynamics dur-

ing these times of increased use.

New Tarif f = Current Tarif f + [w; X (o — Current Tarif f)]

s

(4.2)
+ {wp X <(1 + —) + Current Tam'ff)}

100

This method, which takes into account a number of variables, including market
dynamics, generating costs, and patterns of peak demand, aims to balance the needs of
energy providers in terms of income generation with those of customers. Through the
use of a customised formula for peak hours, the price structure is made more adapt-
able to actual variations in energy consumption, which in turn encourages resource

efficiency and improves grid stability. A dedication to accuracy and equity in tariff
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computation is further demonstrated by the establishment of a specific formula, which
promotes accountability and transparency throughout the ecosystem of the electrical

market.

In order to enable efficient tracking and control of energy usage trends, Time-of-
Use meters will be installed everywhere, regardless of the type of consumer. Integra-
tion of applications to inform consumers about current tariff rates and provide alerts
for load reduction during peak demand periods. Utilization of these applications to
streamline load management processes and engage with appliance manufacturers to

incorporate demand-side management features.

A specialized committee will be formed to supervise the program’s execution
and advancement. Both customer involvement and program efficacy will be guaran-
teed by this committee. Customers who actively contribute to the creation and suc-
cess of demand-side management programs will get financial rewards. Conducting
a comprehensive public awareness campaign to educate and encourage consumers
to actively participate in demand-side management practices, thereby fostering pro-
gram success and sustainability. Developing a strategy that takes into account both the
country’s current and future energy demands is essential, since reasonable, long-term
energy plans are essential to a nation’s well-being [127]. With the help of this strat-
egy, long-term energy security and economic stability are intended to be supported

within a sustainable framework.

In order to tackle Pakistan’s current energy usage and grid stability issues, the
”National Demand-Side Management Program” was created. By putting these poli-
cies into practice, the program hopes to build a more sustainable and effective energy
ecosystem, guaranteeing that the nation can satisfy its energy demands while foster-
ing environmental sustainability and economic progress. The achievement of energy
efficiency and sustainability as a shared aim by a number of stakeholders, including
consumers, regulatory agencies, and business leaders, will be essential to the success

of the program.
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4.6 Deployment Challenges

There are several obstacles to overcome in Pakistan while implementing the
suggested pricing framework, particularly given that the country is still in the process
of developing. The following challenges are anticipated during the implementation of

this model:

4.6.1 Consumer Education

Educating consumers is pivotal for the success of demand-side management.
It will be extremely difficult to inform customers about the significance of demand-
side management and how they can actively participate, as its efficacy depends on
consumer behaviour. Pakistan’s varied population and varying educational attainment
levels make this effort much more difficult, calling for extensive and easily accessible

teaching initiatives.

4.6.2  Lack of Advanced Energy meters

Currently, the TOU metering required for the proposed tariff is only available
for 3-phase meters, whereas, the single-phase meters do not have the TOU metering.
Upgrading to advanced energy meters is important because traditional energy meters
cannot deliver the required level of data granularity. For a developing country with
limited resources, this upgrading is a major challenge since it demands a huge time

commitment, financial expenditure, and logistical preparation.

4.6.3  Advanced Data Storage Systems

Deploying the model demands for a sophisticated system that can collect, store
and analyze electricity consumption data on an hourly basis. One thing in addition to a
large fiscal outlay that might be keeping this sort of system from being developed and
maintained is the lack infrastructure or expertise. The issue is further complicated by

the requirement that data be secure and reliable.
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4.6.4  Financial Constraints

The cost of upgrading the metering infrastructure, deploying state of the art data
storage solutions and launching widespread consumer education programs is not in-
significant. This will require responsible fiscal planning based on the broke economic
budgetary inability nation like Pakistan which may also need outside support in look-

ing for needed finance.

4.6.5  Regulatory and Institutional Barriers

Setting up a new tariff structure will require regulators to plunge into labyrinthine
bureaucratic processes. Coordination across different regulatory and governmental
agencies will be necessary, not to mention the development of new guidelines and
standards. In addition, overcoming institutional reluctance to change or even political

barriers would make the process more complicated.

4.6.6  Technical Expertise and Capacity Building

Since this is a very high technology system so the technical expertise for its im-
plementation may not be available right now in Pakistan. Workforce development
training and capacity-building programs will be needed to prepare the workforce with
the skills to operate and maintain this new infrastructure. It will require the participa-

tion of international experts and money for education and training.

4.6.7  Consumer Acceptance and Compliance

The new pricing system may be difficult for consumers to understand and com-
ply with, even with adequate education. If customers feel that the new rates will be
expensive, they may be reluctant to accept adjustments to their invoicing and usage
habits. To gain customer acceptance, it will be crucial to establish trust and highlight

the advantages of the new system.

4.6.8  Pilot Testing and Scaling

Before full-scale implementation, pilot projects will be necessary to test the fea-

sibility and effectiveness of the new tariff structure. Before the model is implemented
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nationally, these pilots must be carefully planned and closely watched, and the lessons
acquired must be used to enhance the model. Overcoming operational and logistical

obstacles is necessary to scale up pilot programs to full execution.

Although the above bullets highlight some of the main issues, they are by no
means all-inclusive. There is no question that putting the proposed tariff system into
effect would bring additional, unanticipated difficulties that the implementing bodies
would need to deal with. These difficulties underline the necessity of a comprehen-
sive, well-coordinated strategy involving a variety of stakeholders to guarantee the
program’s effective implementation and the accomplishment of its goals in encourag-

ing sustainable energy consumption patterns in Pakistan.

In order to guarantee the program’s successful implementation and achieve its
goals of encouraging sustainable energy consumption practices in Pakistan, it will be
imperative to successfully address these obstacles. Despite its difficulty, this project
has the potential to change the nation’s energy environment by increasing energy effi-
ciency, lowering dependency on expensive energy sources, and eventually creating a

more robust and sustainable energy system.

4.7 Policy Targets

The main objectives of this project are to improve the effective and efficient use
of installed variable renewable energy (VRE) sources in conjunction with the tactical
use of demand-side management strategies to optimize patterns of energy consump-
tion. Overall energy stress is expected to be significantly reduced by carefully eas-
ing the burden on grid stations, especially during times of peak demand. Through the
prevention of outages and enhancement of the power grid’s overall performance, this
strategy guarantees a more steady and dependable electricity supply. Moreover, the
increased integration of renewable energy sources is expected to reduce peak load re-
quirements, which will reduce reliance on fossil fuel importation. Transitioning away
from fossil fuels not only reduces greenhouse gas emissions but also corresponds with
the national goal of a 50% reduction by 2030. Furthermore, the seamless integration
of VRE sources is expected to draw international investment into Pakistan’s burgeon-

ing power industry, accelerating economic growth and supporting the country’s energy
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resilience and sustainability efforts.

Variable Renewable Energy (VRE) electricity has the potential to provide sev-
eral secondary advantages in addition to its core goals, supporting Pakistan’s socioe-
conomic landscape and total energy infrastructure. As more rural areas choose VRE,
electrification projects will grow, and the country’s installed capacity will undoubt-
edly increase. This will create the foundation for better electricity availability and de-
pendability in previously underserved areas. By supporting the supply of vital services
like healthcare, education, and commerce, this expansion would not only improve the
standard of living for those living in rural areas but also promote all-encompassing

regional development.

Due to the necessity for both skilled and unskilled labour in these locations,
the implementation of VRE projects in rural communities offers a special chance to
promote local economic growth. The expansion of work options promotes increased
economic stability and prosperity at the local level, which helps to reduce poverty
and empower people on a socioeconomic basis. The program can assist in creating
a competent labour force that can support the long-term sustainability of renewable
energy solutions by offering jobs in the installation, upkeep, and operation of VRE
systems. Additionally, the implementation of VRE will enable competitive energy
rates to be introduced, and this, together with possible changes in consumer behaviour
towards more sustainable energy habits, might improve the overall sustainability and
efficiency of Pakistan’s energy sector. By leveraging the transformative potential of
VRE deployment beyond its immediate energy benefits, Pakistan can pave the way for

a more inclusive, prosperous, and sustainable energy future for all its citizens.

Apart from the economic and environmental advantages, it is anticipated that the
extensive implementation of VRE will spur technological advancements and infras-
tructural enhancements throughout the energy industry. In addition to increasing its
ability to produce and control renewable energy, the country will provide the techno-
logical foundation needed to enable further developments. As a result, a more sophis-
ticated and robust energy system that can include different renewable energy sources
and adjust to fluctuating energy needs may be built. When these initiatives are com-

bined, they would not only improve energy security but also establish Pakistan as a
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pioneer in renewable energy in the area, serving as an example for other developing

countries to aspire to.

The ultimate goal of the suggested project is to build Pakistan’s energy ecosys-
tem to be more robust and sustainable. It seeks to maintain the nation’s long-term en-
ergy security, encourage economic growth, and lessen dependency on fossil fuels by
striking a balance between the demands of industrial and household customers. The
study emphasizes how crucial thorough planning, strong regulations, and stakeholder
involvement are to achieving these goals and facilitating the effective use of the sug-
gested tariff scheme. With the help of this all-encompassing strategy, the advantages
of renewable energy will be optimized, offering sustained benefits to Pakistan’s envi-

ronment, economy, and society at large.

4.8 Expected Outcomes of the Proposed Program

The proposed tariff structure will have a major positive impact, especially in
terms of peak shaving and improving grid stability during peak hours. It is possible to
lessen the strain on the national grid at times of peak demand by providing incentives
for users to modify their patterns of energy consumption. This would increase grid
stability. In [128], authors have shown that the different off-peak and on-peak prices
have an impact on unit consumption and are not that much affected by rooftop solar
panels. The program has important indirect effects as well. In [129], it is stated that
dynamic tariffs have improved economic efficiency. Furthermore, [130] mentioned
that the dynamic tariff can increase the adaptation of RESs more than the constant tar-
iff, which can further help in reducing peak load. Dynamic tariff is also encouraged
by [131]; their results reveal that the dynamic tariff is effective in improving the prof-
itability of the retailer. Reducing reliance on fossil fuels is a corollary of employing
variable renewable energy (VRE) sources to meet energy demand. This is in line with
national emissions reduction and environmental sustainability goals. By switching
to greener energy sources, hazardous fuel emissions are also decreased, supporting
national emission reduction objectives and encouraging environmental conservation

efforts.

However, as customers are essential to the program’s success, the initiative’s
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success depends on good consumer participation and education. Customers must be
made aware of the significance and ramifications of demand-side management for this
program to be implemented successfully since it transfers some of the risks related to
peak demand management to them. [132] showed that using demand-side manage-
ment incentives with market regulations can lead to additional reductions in individual
electricity consumption, heightened retail profitability, and decreased electricity ex-

penditures for consumers.

In addition to encouraging more flexibility in energy use, this dynamic tariff
system emphasises how crucial it is to include renewable energy sources in the na-
tional energy grid in order to improve sustainability and resilience. Therefore, the pol-
icy will ensure that higher VRE is utilised even during times of low demand. Further-
more, as electric vehicles (EVs) gain popularity at an increasing rate, officials must
ensure that EVs are smoothly incorporated into the energy grid. Complex obstacles
are presented by this shift, such as the threat of impending grid congestion, which is
discussed in [133]. Tariff structure design becomes even more important since it has
a significant impact on system voltage dynamics, which is essential for maintaining
the grid’s safety and effectiveness. Tariff frameworks are essential for controlling
power use and preventing possible grid disturbances brought on by the rising num-
ber of electric vehicles (EVs) since consumer behaviour has become more sensitive to
price systems [ 134]. Thus, policymakers must adopt a proactive stance, incorporating
provisions for EV integration within their policy frameworks to foster a harmonious
convergence of transportation and energy sectors, advancing the sustainability agenda

while safeguarding grid reliability.
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CHAPTER 5: CONCLUSIONS AND FUTURE
RECOMMENDATIONS

5.1 Conclusion

An advanced, efficient, and fair tariff structure is essential for optimising elec-
tricity use, incentivizing demand-side management, and driving consumer behavioural
changes. This paper examines various tariff structures, including flat rate, block rate,
Time-of-Use (TOU), real-time pricing, and two-part real-time pricing tariffs. Given
that 80% of the electricity load in Pakistan is domestic, this sector is the primary focus

of the proposed tariff model.

The goal of the suggested approach is to rectify the shortcomings in the present
tariff structure, which insufficiently motivates customers to efficiently control their
power use. The approach charges customers different rates at different times of the
day by introducing Time-of-Use pricing, with a focus on peak hours from 5 p.m. to 10
p.m. By redistributing demand, this strategy aims to minimise the need to run expen-
sive generators during peak hours and enable the usage of less expensive generators
during off-peak hours. Because they account for a significant portion of the total elec-

trical load, domestic users are the focus of demand-side control efforts.

The paper introduces a novel electricity tariff structure tailored for domestic
consumers in Pakistan, aiming to optimise revenue generation while ensuring afford-
ability and energy efficiency. Based on consumer income and the price elasticity of
demand, the suggested approach determines tariffs using information from NEPRA,
the PRECON dataset, and an extensive survey. The study highlights the substantial
contributions of industries, notably the textile industry, to Pakistan’s GDP, exports,
and employment and stresses the need to give the industrial sector the first priority

when allocating energy to promote economic growth.

The Time-of-Use (TOU) model in the proposed tariff structure charges cus-
tomers different rates at different times of the day in order to solve the inefficiencies
in the present system. With a special focus on the hours of 5 p.m. to 10 p.m., this plan

seeks to reallocate demand and lessen the need to run expensive generators during
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these times. The model optimises overall system efficiency by allowing the use of

more cost-effective generators by moving a portion of the load to off-peak hours.

Furthermore, the study underscores that while industrial growth is crucial for
economic advancement, it should not come at the expense of domestic consumers.
To properly support all sectors, a balanced approach to energy allocation is recom-
mended. In addition to improving grid efficiency and stability, the suggested tariff
offers a means to use energy sustainably, promoting consumer welfare, and economic

growth.

50% of the electrical units sold in 2022 went to domestic users, bringing in Rs.
970,531 million in income. The remaining 26% of the units sold went to the industrial
sector, which brought in Rs. 793,823 million. The study emphasises that, despite the
emphasis on industrial expansion, household welfare should not suffer in favour of
industrial growth. Instead, it calls for a balanced approach to energy allocation that
benefits both sectors. Based on the PRECON dataset, the suggested pricing structure
seeks to lower customer demand while maintaining a minimal critical consumption
limit.

Although customer behaviour adjustments in reaction to increased pricing may
result in increased consumption in the 101-200 slab, which is also observed in the his-
torical data that high consumption users tend to move to lower slabs because of high
prices, linear regression analysis indicates an annual load decrease of 3.15% across
various consumption slabs. This strategy makes sure that household users’ basic re-
quirements are satisfied even as they are urged to use power more wisely. In the end,
the suggested strategy would benefit Pakistan’s consumers and economy by encourag-

ing sustainable energy behaviours in addition to improving overall grid reliability.

Developing sophisticated data storage systems, installing modern metering in-
frastructure, and educating customers are key obstacles that must be overcome to im-
plement the suggested pricing structure. These obstacles are substantial for a growing
nation such as Pakistan, and their resolution calls for careful preparation and calcu-

lated moves.

A thorough regulatory policy is outlined in the study to help with program exe-
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cution. In order to guarantee that the suggested tariff structure is successfully adopted,
this policy outlines both major and secondary aims. By tackling these fundamental
problems, the policy hopes to foster an atmosphere that will support the new tariff
structure and, in the end, result in a framework for the more fair and efficient distribu-

tion of power that is advantageous to all parties involved.

The study also covers the wider economic ramifications of the suggested tariff
regime. The concept tries to raise industrial production by moving the focus to the in-
dustrial sector, which can result in more employment opportunities and accelerated
GDP growth. The goal of the suggested model is to eliminate inefficiencies in the
present tariff structure that prevent users from being encouraged to use power effi-

ciently.

The suggested approach charges customers different fees at different times of
the day by introducing a Time-of-Use (TOU) tariff, with a focus on peak hours from 5
p.m. to 10 p.m. The goal of this strategy is to reallocate demand so that less expensive
generators may be used during off-peak hours and more expensive generators can be
used during peak hours. The proposed TOU tariff structure is designed not only to op-
timise energy usage but also to ensure affordability and efficiency, ultimately leading

to a more balanced and sustainable energy consumption pattern.

The proposed tariff structure not only aims to reduce the peak load on the na-
tional grid but also promotes energy conservation and financial savings for consumers.
It improves grid stability and facilitates the efficient use of energy resources by pro-
moting demand-side flexibility. The model also supports the creation of a regulatory
framework to handle potential obstacles and enable a seamless transition, ensuring the

long-term application of the suggested tariff structure.

The regulatory structure calls for creating sophisticated data storage solutions,
guaranteeing the construction of modern metering infrastructure, and educating cus-
tomers about the advantages of the new pricing system. The framework facilitates a
gradual transition towards more efficient energy consumption habits by surmounting
these obstacles. This all-encompassing policy aims to ensure long-term prosperity and
stability by fostering a sustainable and balanced energy strategy that is advantageous

to the environment and the economy alike.
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The ultimate goal of the suggested remedy is to build Pakistan’s energy envi-
ronment to be more robust and sustainable. It seeks to maintain the nation’s long-term
energy security, encourage economic growth, and lessen dependency on fossil fuels by
striking a balance between the demands of industrial and household customers. The
study emphasizes how crucial thorough planning, strong regulations, and stakeholder
involvement are to achieving these goals and facilitating the effective use of the sug-

gested tariff.

Achieving these goals requires addressing significant challenges, including con-
sumer education, advanced metering infrastructure installation, and sophisticated data
storage solutions. The proposed tariff structure, particularly its Time-of-Use model,
charges different rates during various times of the day to redistribute demand and min-
imise peak load pressures. This strategy supports a more reliable and efficient grid
system by encouraging users to save money in addition to using energy more efti-

ciently.

For the proposed model to be successful, a well-considered regulatory frame-
work that resolves potential roadblocks and facilitates a smooth transition is neces-
sary. This framework must ensure the continued participation of stakeholders, such as
lawmakers, corporate executives, and consumers, in order to adjust to shifting market
conditions and energy demands. The concept aims to create a robust energy infras-
tructure that protects Pakistan’s energy future, fosters economic and environmental

benefits, and promotes innovation and teamwork.

In summary, there are many potential benefits to efficient demand-side manage-
ment, despite the associated difficulties. Pakistan can steer towards a more sustain-
able, egalitarian, and efficient energy environment and ensure a better future for future
generations by working together with utilities, customers, and politicians. Pakistan
may lead the way towards a more sustainable and affluent future by adopting cutting-

edge pricing structures and encouraging proactive consumer engagement.

5.2 Recommendations

A national survey can provide more information about the relative effects of

price dynamics and income on the amount of electricity used. Comprehensive re-
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search of this kind will help policymakers understand consumer behaviour better

and create demand-side management plans that cater to a wide range of demographic
groupings. By understanding how different income ranges and price changes influ-
ence electricity consumption, more effective and equitable tariff structures can be de-

veloped.

Additionally, there is a good probability that demand-side control initiatives
would increase if initiatives like IESCO’s pilot project for installing Advanced Meter-
ing Infrastructure (AMI) in Rawalpindi [135] were launched nationwide. The nation-
wide adoption of AMI technology would not only offer a plethora of data for assess-
ing consumption patterns, but it would also lay the groundwork for focused initiatives
meant to promote sustainability and energy efficiency in general. AMI can provide
real-time data on electricity usage, allowing for more precise monitoring and manage-

ment of energy consumption.

Investing money in renewable energy sources is also crucial. Hydropower,
wind, and solar energy all have enormous promise in Pakistan. Enhancing energy se-
curity, lowering greenhouse gas emissions, and reducing reliance on fossil fuels can
be achieved by increasing the proportion of renewable energy in the energy mix. Gov-
ernment policies should support the development and integration of renewable energy

projects through subsidies, tax incentives, and streamlined regulatory processes.

Improving energy storage capacity is yet another essential area that needs to be
improved. Batteries and other energy storage devices have the ability to store extra
energy produced during off-peak hours and release it during periods of high demand.
This can facilitate the incorporation of variable renewable energy sources, lessen the

need for peaking power plants, and assist in balancing supply and demand.

Finally, promoting energy efficiency across all sectors is crucial. Implement-
ing energy efficiency standards for buildings, appliances, and industrial processes can
significantly reduce overall energy consumption. Public awareness campaigns and
incentives for the adoption of energy-efficient technologies can further encourage
consumers to reduce their energy usage. By implementing these suggestions, Pak-
istan can build a more resilient, sustainable, and effective energy sector that serves

the needs of all of its customers while fostering environmental sustainability and eco-
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